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Abstract. This research was conducted to evaluate the effect of probiotic originated from carp on
survival of fish against Aeromonas hydrophila infection. Fish measuring 5-8 cm was purchased from fish
farmers in Tatelu Village, North Minahasa Regency, North Sulawesi Province. After adaptation for one
week, the fish were fed pellet already supplemented with probiotic at different concentrations. The
control pellet contained no probiotics but coated with 2% yellow egg as in the treatment pellets. Fish
were feed probiotic pellet for four weeks as much as 5% body weight* day™, with feeding frequency of
twice a day at 08.00 and 16.00. At the end of feeding, the fish were challenged with A. hydrophila
through cohabitation with infected fish. The result showed that survival rate of fish treated with probiotic
at concentrations between 1x107 and 1x10® cfu mL* was higher than of control. Thus, administration of
probiotic originated from carp intestine has potential to improve survival of the same species against the
tested bacterial pathogen.
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Introduction. The rapid development of aquaculture along with the increasing demand
for fish has encouraged aquaculture to be carried out more intensively (Reverter et al
2014). On the other hand, intensification has increased stress levels in fish, increased the
risk of disease outbreaks, damaged water quality and economic losses to the aquaculture
industry (Feckaninova et al 2017; Wang et al 2008).

Prevention and treatment of disease in aquaculture generally use antibiotics and
chemicals. However, the use of antibiotics in fish and shrimp farming has caused various
problems such as the emergence of antibiotic-resistant pathogens and the accumulation
of antibiotic residues in body tissues (Kong et al 2020; Wang et al 2018; Zokaeifar et al
2012). In addition, the intensive and repeated use of antibiotics or chemicals can cause
various negative effects such as bioaccumulation, pollution, damage to environmental
microbes and suppress the immune system of fish (Wang & Xu 2014; Biswas et al 2012;
Karthik et al 2014). Citarasu (2010) stated that although antibiotics and chemicals can
have a positive effect on fish and shrimp, their use cannot be recommended because of
the residues that accumulate in fish and shrimp meat. Therefore, research on the use of
feed with ingredients that can improve health status and stimulate the growth of
cultivated species is needed in an effort to develop environmentally friendly aquaculture
(Hoseinifar et al 2015). One of the ingredients that have the potential and is increasingly
being applied is probiotics.

Probiotics have recently been widely applied in aquaculture as an alternative to
antibiotics in preventing disease. Probiotics are living micro-organisms that can improve
host health through the provision of nutrients and protection against pathogens and can
be used as a substitute for antibiotics/chemicals (Perez-Sanchez et al 2014; Hoseinifar et
al 2018). Probiotics can be in the form of live or dead organisms or microalgae or yeast
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that are given through feed or into pond water to improve disease resistance and growth
performance as well (Banu et al 2020; Prabhurajeshwar & Candrakanth 2019).

Research reports showed that the use of probiotics in aquaculture could improve
immune system, fish resistance to pathogens as well as improve growth, feed
digestibility, feed efficiency, and appetite (Ling et al 2018; Lin et al 2019; Kong et al
2020; Kavitha et al 2018). In addition, probiotics could inhibit the development of
pathogens, maintain the micro flora balance of the digestive tract, improve digestive
function and improve water quality (Wang et al 2018; Sornplang & Piyadeatsoontorn
2016). Application of probiotics in aquatic organisms is also potential to increase growth
and feed intake by influencing the processes of digestive enzymes such as amylases,
proteases and alginate lyases (Chowdhury & Roy 2020; Zokaeifar et al 2012). Hai (2015)
also stated that probiotics effectively participate in the digestive process by producing
extracellular enzymes such as proteases, lipases and carbohydrolases produce growth
factors. In our previous study (Manoppo et al 2019), it was found that probiotic
Lactobacillus sp. isolated from intestine of carp was potential to promote growth
performance and feed efficiency of the same species. The aim of the present study was to
evaluate the effect of the same probiotic on survival of fish against Aeromonas hydrophila
infection.

Material and Method

Experimental fish. The research was conducted from July to mid November 2020.
About 250 healthy carp juveniles measuring 5-8 cm (average weight of 4.29+0.16 Q)
were purchased from fish farmers in Tatelu Village, North Minahasa Regency, Province of
North Sulawesi. Fish infected with A. hydrophila were also collected from ponds around
Tatelu Village.

Probiotics and feed preparation. Probiotic bacteria (Lactobacillus sp.) was obtained
from the stock available at the Laboratory of Fish Health, Environment and Toxicology,
Faculty of Fisheries and Marine Science. The bacteria were cultured and propagated using
MRS agar. The feed used was commercial pellets having the composition of 31% protein,
5% lipid, 5% crude fibre, 13% ash, and 12% water. The treatments contained probiotics
at 1x10°% 1x107, 1x108, 1x10° cfu mL™. Probiotic density was prepared by suspending
bacterial colonies into 0.85 NaCl and comparing it with McFarland's standard solution to
obtain a density of 1x10° cfu mL™. Furthermore, the concentration of bacteria was diluted
by mixing 1 mL of solution containing 1x10° cfu mL? into 9 mL NaCl to obtain a
concentration of 1x10% cfu mL?, and so on until 1x10°% cfu mL?' was obtained. Each
treatment was added into the pellets by spraying evenly then dried. After dried, the
pellets were coated with 2% egg yolk and then dried again. Control diet was not
supplemented with probiotic but coated with 2% egg yolk too. The treatment feed was
then placed in plastic box and stored in the refrigerator until used.

Research procedure. The fish seeds obtained were spread into five 60 L-buckets.
Before starting the experiment, the fish were acclimatized for one week. During
adaptation period, fish were fed with standard pellet without probiotic addition at a dose
of 5% body weight™® day™, twice a day at 08.00 and 16.00. Each bucket was aerated
continuously using an aerator. A water pump (capacity 1500 L/H) was also provided for
water recirculation.

After adaptation process, the fish were fed pellet already supplemented with
probiotic at different concentrations for four weeks. The density of the stocked fish was
25 individuals per bucket. The feed dosage was the same as in the adaptation period,
namely 5% body weight day™?, twice a day at 08.00 and 16.00. About two-third of
water volume was exchanged every two days while uneaten pellet and fish waste were
removed every day by syphoning.

Challenge test. At the end of feeding, the fish were challenged with A. hydrophila
through cohabitation with infected fish. This was done by adding five infected live fish in
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each treatment. Clinical sign and mortality were observed continuously for two weeks
after challenge test.

Survival rate. Survival rate of fish were calculated following the formula applied by
Kong et al (2020):

Survival rate (%) = (final number of fish/initial number of fish) x 100

Result and Discussion. Survival of fish observed at 14 days after challenged with A.
hydrophila bacteria is presented in Figure 1. The highest survival rate was achieved with
pellets supplemented with probiotic at concentration of 1x10’ cfu mL™ (treatment C),
followed by 1x10® cfu mL! (treatment D). The lowest survival rate was observed in
treatment A and B (Figure 1).
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Figure 1. Survival of Cyprinus carpio 14 days post-challenge with Aeromonas hydrophila
(A = Control; B = probiotic 1x10° cfu mL™?, C = probiotic 1x10” cfu mL*, D = probiotic
1x108 cfu mL?, E = probiotic 1x10° cfu mL™).

The result of the present research showed the best survival rate of fish obtained in fish
fed pellet added with probiotic at 1x10” - 1x108 cfu mL™. This result was in line with the
statement of Salinas et al (2008) in which the addition of probiotic at 10’ cfu mL™*
generated the best stimulatory effects resulted from the increase in cellular innate
immune response of fish.

Several reports stated that probiotics given to fish could increase immune
response, resistance to pathogens, survival as well as growth, digestibility, feed
efficiency, and appetite (Cavalcante et al 2020; Kong et al 2020; Mulyasari et al 2016;
Kesarcodi-Watson et al 2008; Merrifield et al 2010). In the research of Undi et al (2020),
carp seeds fed with pellet supplemented with probiotic Lactobacillus sp. at 1x10” - 1x108
cfu mL™* for six weeks showed a significant increase in total leukocytes and phagocytic
activity. Pangalila et al (2020) also reported that addition of probiotic Lactobacillus sp.
originating from catfish intestine at concentration of 1x10% cfu mL™ significantly increased
the total leukocytes and phagocytic activity of carp seeds after being given for four
weeks. Mohammadian et al (2019) found that C. carpio (655 g) treated with
combination of 5x107 cfu L. casei, 1% B-glucan and mannan oligosaccharide and
challenged with A. hydrophila had lower mortality compared to control. Furthermore,
Kong et al (2020) reported that administering the probiotic L. /actis isolated from the
intestine of snakehead fish (Channa argus) alone or in combination with Enterococcus
faecalis for 56 days significantly increased survival rate of fish compared to control with a
survival rate of 63.3%. This was resulted from the increase of humoral immunity as
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indicated by an increase in IgM, ACP, AKP, LZM levels, and C3 and C4 activity in serum,
which in turn effectively increases the humoral immunity of fish.

Harikrishnan et al (2012) found that the addition of Lactobacillus probiotics in feed
enhanced the nonspecific immune response and resistance of Olive Flounder
(Paralichthys olivaceus). Nguyen et al (2017) confirmed L. /actis probiotics isolated from
wild marine fish and given to fish with an average size of 80.84 g for 8 weeks improved
the nonspecific immune response of P. olivaceus. Furthermore, Jang et al (2019) also
reported that P. olivaceus fed with Lactobacillus plantarum probiotic for 8 weeks had
better immunity as compared to control; the mortality rate of fish after being challenged
with Streptococcus iniae was 12.5%, while the control fish reached 100%. In a study
conducted by Dawood et al (2016), red sea bream (Pagrus major) fed diet with the
addition of probiotics L. rhamnosus and L. lactis for 56 days showed a significant increase
in fish immune response as indicated by increased hematocrit, total plasma protein,
bactericidal activity, peroxidase, so that the two types of probiotics are concluded to
stimulate an increase in fish health status if added to feed. Ullah et al (2018) had also
reported that commercial probiotics given to fish for 90 days increased the nonspecific
immune response of mori fish (Cirrhinus mrigala) which was marked by an increase in
total leukocytes, lysozyme activity, total plasma protein and immunoglobulin compared
to control fish. In Labeo rohita, application of L. plantarum probiotics was potential to
increase fish resistance to disease attacks and increase growth performance (Giri et al
2013).

Lactobacillus can also be applied in shrimp farming. In a study conducted by
Karthik et al (2014), tiger shrimp treated with Lactobacillus sp. and challenged with
Vibrio harveyi had a mortality of 6% while untreated shrimp had a mortality of 80%. In
vanname shrimp, the mortality of shrimp treated with Lactobacillus sp. was 12%, while
the mortality of shrimp that was not treated was 100%. Through meta-analysis, Toledo
et al (2019) found that shrimps treated with probiotic had higher survival than control.
Another report by Wang et al (2019) showed that the probiotics L. pentosus, L.
fermentum, Bacillus subtilis and Saccharomyces cerevisiae in mixed form given to white
shrimp Litopenaeus vannamei at a concentration of 107 - 10° cfu (kg feed)® for 56 days
significantly improved the health status of the shrimp as indicated by increased survival
after challenged with the bacterium Vibrio alginolyticus. L. plantarum originated from wild
shrimp was reported to increase survival of L. vannamei (Kongnum & Hongpattarakere
2012). Xie et al (2019) also reported that giving a mixture of probiotics Lactobacillus, B.
subtilis and B. licheniformis was able to increase nonspecific immune response and
growth of white shrimp.

The present research proved that probiotic originated from carp can enhance the
resistance of the same species against bacterial pathogen. The best response was
achieved in fish fed pellet with the addition of probiotic at concentration of 107 - 108 cfu
mL? (survival 72-76%) while control only 32%. The increase in survival was probably
resulted from the increase in immune response of fish. In addition, Hagi & Hashino
(2009) stated that Lactobacillus isolated from carp intestines consisting of L. /actis and
Lactobacillus raffinolactis were found to have high anti-bacterial activity against fish
pathogens (Aeromonas sp). At the higher probiotic concentration (treatment E), survival
tended to decrease up to 44%. Hai (2015) stated that the effectiveness of probiotic is
influenced by dosage and time duration in which overdosage can induce suppression on
fish immune response. Further research is needed to be conducted to prove whether the
response is similar, better or worse if the probiotic applies to other different fish species.

According to Bermudez-Brito et al (2012), there are four different ways probiotics
fight pathogens in fish gut. First, probiotics will compete to get the same nutrients
required by pathogens so that pathogens will experience a high nutritional deficiency
because they are more widely used by probiotic bacteria. Second, probiotics prevent the
attachment of pathogens in the intestine to the intestinal wall by reducing the surface
area available for pathogen colonization. Third, probiotics will send signals to immune
cells and then immune cells will produce cytokines to further stimulate the production of
leukocytes to destroy pathogens. Fourth, probiotics attack pathogens by releasing
bacteriocytes that kill pathogens directly.
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Conclusions. Oral administration of probiotic originated from carp intestine showed
potential to improve survival of the same species against A. hydrophila challenge. The
best survival rate was achieved in fish fed pellet supplemented with probiotic at
concentration of 1x10” - 1x108 cfu mL™.
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