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Abstract. Alginate is widely used for encapsulation material in the development
of fish drugs enrichment. In this study, alginate was developed to construct
granules containing fish vaccines. The preparation of granules using alginate with
food and pharmaceutical grade was compared to obtain the best shape. The
addition of fish oil was also carried out with different concentrations of 10 mL.L~
!, 5mL.L", and 1 mL.L"! to obtain optimal physical properties and acted as an
effective attractant. The results showed that pharmaceutical grade alginate and
the addition of 10 mL.L-! fish oil were the best in forming granules. Based on the
bacterial contamination test of Esherichia coli and Salmonella sp. were negative.
The feeding trial to Clarias gariepinus showed that the granules reached the
anterior intestine after 1 hours post feeding and 3 hours post intake the granules
were found in posterior intestine and digested. The granules were safely digested
in the intestinal tract of Clarias gariepinus. While this formulation shows
promise as a vaccine delivery vehicle, its efficacy in inducing a protective
immune response requires further investigation.

Keywords: Alginate, Aeromonas hydrophila, Delivery system, Granules, Oral
Fish Vaccines

1 Introduction

Applications of oral vaccines with low cost and simple method are highly recom-
mended. However oral vaccines in fisheries have limitations due to insufficient stimu-
lation of gut-associated lymphoid tissue (GALT) caused by various factors such as poor
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recognition by immune cells and absorption in the digestive tract [1], antigen degrada-
tion by stomach acid and bile salts, epithelial barriers, and intestinal fluid flow [2].

One of the latest advances in innovations coated vaccines for oral administration
have been developed in fish immunity enhancements to control disease outbreaks. This
advantage utilizes the protective properties of coated substance as a shield for the anti-
gen during the pathway through the gastrointestinal tract of the host [4]. As one of the
most widely explored sources, algae contain bioactive compounds including carote-
noids, polysaccharides, proteins, and docosahexaenoic acid as immunomodulators and
serve as natural adjuvants [3]. Alginate derived from algae extracts has the characteris-
tics of high viscosity, non-toxic nature, and biocompatibility as a broad-based coated
[5].

The utilization of alginate as a coating in vaccine products is proven effective in
increasing the efficacy of vaccines. Vaccine nanoparticles encapsulated with sodium
alginate provide better protection against grass carp reovirus (GCRV) infection in fish
[6]. Oral administered microencapsulated vaccine with sodium alginate effectively en-
hances protection against GCRV Infection in Grass Carp (Ctenopharyngodon idella)
[7]. Oral DNA vaccines using alginate microparticles prevent Infectious Pancreatic Ne-
crosis Virus (IPNV) infection in fish [8]. Chitosan-alginate coated vaccines had a high
survival rate (76.67%) following challenge tests with Streptococcus iniae and 66.67%
with Lactococcus garvieae, increased relative expression of immune genes (IL-6 and
IgM), and antibody titers [9]. The specific knowledge gap and innovation of this study
is optimizing alginate granule formulation with fish oil for physical properties and pal-
atability. This study is preliminary research on the development of alginate granules for
fish vaccine oral application, with the aim of an easier, cost-efficient, and effective
vaccination method.

2 Material and Methods

2.1 Preparation of antigen

Whole bacterial cells of Aeromonas hydrophila were prepared in saline sterile and
inactivated by adding 37% formaldehyde as much as 0.3%. Viability and contamination
tests are carried out to confirm complete inactivation process and the purity.

2.2 Preparation of alginate granule

Solvent 2% of alginate powder and green food coloring in sterile distilled water then
added the inactivated antigen with a ratio of 1:1 (v/v) and homogenized by stirring the
solution using a magnetic stirrer until completely dissolved. Fish oil was added as a
percentage of 10 mL.L™!, 5mL.L"!, and 1 mL.L"!, mixed the solution for + 10 minutes.
The formation of granules was made in a molding machine with adjustable nozzle set-
tings to suit the size of the granules to be formed. Granule droplets are captured in a
collection container filled with CaCL2 solution.
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2.3 Observation of shape

Quality assessment of vaccine grains as defined 1) the shape by observing whether it is
round, oval or irregular, 2) floatability test by keeping the vaccine grains in water, does
it float on the water surface, in the water column or sinks, 3) level of liquid leakage by
keeping the vaccine grains in a dry place, kept overnight to observe whether there is
liquid released or not., 4) color brightness, 5) level of pliability to determine the
breakage of the vaccine grains when exposed to pressure, 6) confirmation of antigen
content analysis by Polymerase Chain Reaction using specific primers to detect the
virulence genes of A. hydrophila, specifically Nuclease, Aerolysin, Serine Protease, and
Lipase [10, 11]. In this study, a total of 50 granules from each formula were evaluated.
All data were analyzed descriptively.

2.4  Feeding trials

Feeding trials were conducted by delivering along with and without the commercial
feed (2.2 — 3 mm). The experiment was performed on Catfish (Clarias gariepinus) with
a weight size of 30-35 g and 20 fish per tank with three replications. Observations of
fish behavior were carried out by evaluating the rapidity of the fish in grabbing the
granules, and digestibility rate every 3 hours until the granules were completely di-
gested, and the results of feeding observations were analyzed descriptively.

3 Results

Preliminary research was conducted to make vaccine grains with food-grade alginate
extracted from seaweed (Sargassum sp.) which were used as a comparative. Based on
the quality analysis as shown in Table 1, pro-analyst grade alginate has the best viscos-
ity performance, therefore pharmacy grade was selected to be used for vaccine grains
preparation due to the price of the product.

Granules preparation with food grade alginate are not fully formed. Granules using
pharmaceutical grade alginate and 10 mL.L! fish oil perform the best shape, brightness,
pliability, no leaks and the fastest grabbing response of fish (Table 2). These results
indicate that fish oil plays a role in optimizing vaccine grains shape and acts as an at-
tractant, thus stimulating fish to takes the granules. The treatment of single granules
feeding showed less responsive performance, the fish ate all the granules, but it took
longer time. While the treatment of vaccine grains mixed with commercial feed showed
a positive response, fish could not differentiate the vaccine grains with feed pellets due
to similar size.
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Table 1. Sodium alginate based on products quality and specifications.

No.  Sample Color and Characters Viscosity pH  Water
(mPa.s) content
(1% solution)
1. Sodium alginate (food grade) - Light brown 160 64 05
- Powder
2. Sodium alginate (pharmacy grade) - White to grey 550 7.1 1
- Powder
- 80 mesh
3. Sodium alginate (pro analysis/ la- - White to yellow to 1000 73 13
boratory grade) light brown
- powder

Table 2. The observation result of vaccine grains quality based on several characteristics.

Vaccine Vaccine grains of alginate (pharmacy grade) with
Characteris-  grains of algi- _ fish oil addition
No. tics nate  (food
10 mL.L*! 5mL.L! I mL.L!
grade)
1. Shapes Irreguler Round Round Round
2240.05mm  2.3+0.05mm  2.4+0.05 mm
2. Floatability floating inthe floating in the floating in the floating in the
water column  water surface water surface  water column
3. Color bright- Poor Bright (++) Bright (+) Less
ness bright
4. Liquid leak- slight leakage no leaks no leaks no leaks
age after >24
hours of stor-
age
5. Pliability fair good good good
6. Antigen con- positive (+) positive (+) positive (+) positive (+)
firmations by
PCR (4. hy-
drophila)
7. Viability test
(% inactive 100 100 100 100
antigen)
8. Contamina-
tion test of: Negative (-) Negative (-) Negative (-) Negative (-)
- Esherichia  Negative (-) Negative (-) Negative (-) Negative (-)
coli
- Salmonella

sp.
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9. Grabbing re-
sponse, Fast
(directly
consumed),
Moderate
(The gran-
ules float on
the surface of
the water for
a while be-
fore  being
eaten by
fish), and
Late  (The
granules
float on the
surface of the
water for
much longer
before being
eaten by
fish):

a. Granules Moderate Fast Fast Fast
along
with
commer-
cial feed

b. Granules Late Fast Moderate Moderate
without
commer-
cial feed

One hour after feeding, the vaccine grains were still intact in the midgut of the fish.
Three hours following, the vaccine grains were already digested in the posterior intes-
tine (the surface of the vaccine grain was damaged). Twelve hours after feeding, the
vaccine grains no longer visible in the intestine (the vaccine grains were completely
digested) (Fig. 1). All fish groups showed 100% of survive rate, indicates that the ad-
ministration of vaccine granules is safe for fish.
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Fig. 1. Observations of the digestibility of vaccine grains in digestive tract of fish (a) one our
post intake (b) three ours post intake.

4 Discussion

Presently, encapsulating agents and coatings used in the pharmaceutical industry are
limited to the use of lactose, a potentially allergenic agent or gelatin. This study showed
that alginate-coated vaccine products have high potential for commercial use with
100% survival rate and acceptability of fish. Alginate is a compound derived from
brown seaweed that has an important function in the food industries, biotechnology,
and pharmaceutical. Alginate has a wide range of valuable biological properties and
has been used as a texturizing agent with thickening and gel-forming capabilities [12],
as a drug coating and drug delivery agent, including vaccine encapsulation [13].

Fish oil is an important source of lipids in the preparation of fish feed compositions.
Fish oil is used to formulate commercial feeds for fish due to high levels of icosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) [14]. Fish oil is rich in free amino
acids, making it an excellent attractant/stimulant and improves the palatability of the
vaccine granules. It can be seen from the quality test results of this study that the more
fish oil is added, the better effect in the performance of grain shape and color brightness
as well as the willingness of fish to eat the grain. However, the optimum addition of
fish oil needs to be further investigated, as some studies have shown that excess fish oil
in feed stimulates negative effects on fish growth. Oxidized fish oil can produce harm-
ful substances that can cause oxidative stress in aquatic animals. The liver responds to
oxidative stress through glycerophospholipid metabolism and choline metabolism
which inhibits fish growth and causes oxidative stress as well as fat accumulation in the
liver and changes the metabolic profile of the liver [15]. Sodium alginate applied alone
or in combination with Lactobacillus reuteri can improve growth, antioxidant status,
immune function, and gut health of largemouth bass (Micropterus salmoides) [16]. In-
creasing the concentration of fish oil can reduce the possibility of particle adhesion,
fish oil concentration was increased and the angle of repose decreased [17], which is
useful for preventing clumping between vaccine granules.

Digestive capacity in teleost fish follows a circadian rhythm that takes certain hours
at optimum conditions, influenced by pH or enzyme production to hydrolyze certain
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nutrients [18]. The grains digested within a half day of ingestion, indicating that the
alginate content can be digested longer than the digestibility of commercial feed. How-
ever, the relationship between the digestibility of vaccine grains and co-feeding with
commercial feed in fish digestive tract during the daily cycle needs to be further inves-
tigation. Fish feeding behavior consists of crushing and chewing feed. Feed size affects
feed intake, growth performance, gut evacuation and feed efficiency [19]. A feeding
strategy is required to obtain the best daily oscillation rate of the feed Apparent Digest-
ibility Coefficient (ADC) [20]. Several factors that can affect digestibility and feed
transit time in the gastrointestinal tract including fish species and size, stress, tempera-
ture, feed size, composition and formulation, and gut morphology [21].

5 Conclusion

This study showed that the best vaccine granules is made from alginate pharmaceutical
grade with fish oil additional 10 mL.L"!. Vaccine granules are digestible and safe for
fish. Further research is needed to determine the efficacy of the vaccine, the optimum
dosage of vaccination (bacterial cell density CFU.mL"), and the antigen presentation
absorbed in fish intestine.
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