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Ornamental aquaculture has been growing around the world as an im-
portant economic activity (FAO, 2017). However, its increase in produc-
tion has promoted the outbreak of diseases due to high stocking densities 
and inadequate handlings in captivity (Pavanelli, Eiras, & Takemoto, 
2008). In this scenario, probiotics stand out as a sustainable alternative 
to antibiotics, which are commonly used for disease control. Probiotic is 
a live microorganism supplemented in the diet to promote benefits to the 
host (Sayes, Leyton, & Riquelme, 2018). In recent years, various reports 
have been published about the use of autochthonous probiotics in aqua-
culture, such as Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus 
acidophilus, Bacillus subtilis, Enterococcus faecium and Bacillus velezensis 
(Jatobá et al., 2018; Nandi et al., 2017; Sayes et al., 2018).

The first step to determine the probiotic potential is through in 
vitro tests (Vieira et al., 2013). The ability to colonize the intestinal 
tract is the main characteristic of probiotic bacteria (Balcázar et al., 
2006). For this reason, specific in vitro tests, such as resistance to 
pH, NaCl and bile salts, would aid in the selection for adequate pro-
biotics (Vieira et al., 2013).

Nowadays, few papers have been published about the use of 
probiotics for clownfish (Wesseling et al., 2015), but there is no 
reports about the use of autochthonous bacteria as probiotics for 
Amphiprion ocellaris. Thus, the current study aimed to isolate and 
apply in vitro tests in autochthonous bacteria with probiotic poten-
tial to the clownfish A. ocellaris.

In the experiment, six fish were anesthetized (benzocaine solu-
tion 20 mg/L) (Pramod, Sajeevan, Ramachandran, Thampy, & Pai, 
2010) and euthanized by medullar section according to animal ethics 
committee (CEUA Number 010218). Their intestinal tract was re-
moved, macerated in sterile saline solution (NaCl 1.5%), serially di-
luted in a factor of 1:10 and inoculated on Petri dishes with De Man, 
Rogosa, and Sharpe agar (MRS agar) supplemented with NaCl 1.5% 
and aniline blue 1%. Each plate was incubated for 48 hr at 35°C to 
bacterial growth.

Colonies (coccus or bacillus) presenting gram-positive coloration, 
negative catalase and affinity for aniline blue were selected. To de-
termine the growth kinetics, each selected colony was inoculated 
in MRS broth culture medium and incubated for 24 hr at 35°C, and 
growth evaluated each 2 hr aided by spectrophotometer at absor-
bance of 630 nm. At the same evaluation time, agar plates also in-
oculated and incubated to allow bacterial growth. The absorbance 
values were converted to colony-forming units (CFUs) through ex-
ponential regression, and the maximum growth rate and duplication 
time were determined (Ramirez et al., 2017).

For resistance tests, experiments were performed in a com-
pletely randomized design using different levels of NaCl (0, 1.5, 3.0 
and 4.5%), pH (2.5, 5.0, 7.5 and 9.0) and salt bile (5% weight/vol-
ume) in triplicate. The reduction in percentage absorbance (630 nm) 
of colonies grown in MRS broth (35°C for 48 hr) was evaluated. 
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Another test carried out was the antagonistic ability against patho-
gens such as Aeromonas hydrophila (CPQBA22808 DRM), Aeromonas 
jandaei (LAQUA), Vibrio fluvialis (LAQUA), Vibrio parahaemolyticus 
(LAQUA), Shewanella putrefaciens (LAQUA), Citrobacter freundii 
(LAQUA), Staphylococcus aureus (ATCC 29213), Enterococcus duran 
(ATCC19432) and Escherichia coli (D363).

For this test, each selected bacterium with probiotic potential 
was inoculated in MRS agar and incubated at 35°C for 48 hr. After 
bacterial growth, agar discs with a diameter of 0.8 cm were sec-
tioned from these plates and allocated into other plates containing 
tryptone soya agar (TSA) inoculated with the pathogens. A positive 
control without probiotic bacteria containing an antibiotic (oxytetra-
cycline 3 mg/L) was used for comparison. After incubation (35ºC at 
48 hr), the inhibition halo (mm) against pathogens was determined.

In vitro results were submitted to the Kruskal–Wallis and post 
hoc Dunn non-parametric test (p < .05). The best strain selected as a 
possible probiotic was identified by MALDI-TOF-MS (matrix-assisted 
laser desorption ionization time-of-flight mass spectrometry) using 
the molecular weight of ribosomal proteins with laser shots at a wave-
length of 260-337 nm. Scores ≥1.7 were used to identify the genus 
and species (Tekippe, Shuey, Winkler, Butler, & Burnham, 2013).

Eight lactic acid bacteria with different morphological aspects 
were isolated in MRS agar. Only five followed to in vitro tests due 
to gram-positive coloration, negative catalase activity and an affin-
ity for blue aniline (ST01, ST02, ST03, ST04 and ST05). Two strains 
(ST01 and ST05) had the largest values (p < .05) of maximum growth 
rate (1.16 ± 0.03 and 1.16 ± 0.01a cell/hr) and total viable cells 
(14.11 ± 7.54 and 22.04 ± 6.12a/ml × 108 CFU). In the resistance 
test, the highest growth observed was for ST03 in the presence of 
bile salt (5% w/v) followed by ST05 and ST01. The ST05 presented 
the highest resistance (p < .05) to NaCl and pH alterations (Table 1), 
and the lowest resistance was observed to strains ST02 and ST04.

Regarding to antagonistic ability against pathogens, the ST05 
showed the highest inhibition halo against Vibrio parahaemolyticus, 
Vibrio fluvialis, Aeromonas hydrophila, Aeromonas Jandaei, Escherichia 
coli, Citrobacter freundii and Shewanella putrefaciens (Table 2) being 
similar to the antibiotic. All other isolated strains (ST01, ST02, ST03 
and ST04) showed similar or reduced performance when compared 
to the ST05. The bacterium with the best results for resistance 
tests and antagonistic ability was identified by MALDI-TOF-MS as 
Lactobacillus plantarum DSM 2360 (score of 2.01).

The lactic acid bacterium Lactobacillus plantarum has been used 
in recent years for aquaculture, reporting various benefits to the 
host (Jatobá et al., 2018; Van Doan, Doolgindachbaporn, & Suksri, 
2016). Its ability to quickly colonize the intestinal tract is the main 
characteristic (Jatobá et al., 2018). This specific ability could be re-
lated to the growth rate, which is a fundamental factor for probi-
otic bacteria (Vine et al., 2004). However, despite of fast growth it 
has low resistance in bile salt. According to Balcázar et al. (2008), 
Lactobacillus plantarum isolated from rainbow trout Oncorhynchus 
mykiss showed low viability in bile salt. This reduction was also ob-
served in the present study. Bile salt works as a natural emulsifier 
making soluble fats and some vitamins, thereby acting as a bacteri-
cidal, breaking down the cellular wall of microorganisms (Lambert, 
Bongers, de Vos, & Kleerebezem, 2008).

Resistance to pH is another important aspect from probiotic bac-
teria (Succi et al., 2005; Vieira et al., 2013). According to Son et al. 
(2017), Lactobacillus plantarum shows good growth in low pH levels. 
In the present study, pH resistance was observed to both acid pH 
(2.5) and alkaline pH (9.0) when compared to other isolated bacteria. 
This characteristic allows the probiotic bacteria be used in the diet 
of the host (Sayes et al., 2018).

Among the main water quality parameters, bacterial growth 
could be affected by different salinity levels (Vieira et al., 2013). For 
marine fish, due to the specific mechanism of osmoregulation, dif-
ferent salinity concentrations are observed in their intestinal tracts 
(Baldisserotto, Mancera Romero, & Kapoor, 2007; Whittamore, 
2012). Nonetheless, some lactic acid bacteria used as probiotics 
show resistance to different salinity levels (Ricciardi, Parente, & 
Zotta, 2009; Vieira et al., 2013), for example L. plantarum. For these 
reasons, it shows resistance to factors such as stomach acidity, dif-
ferent salinity concentrations and bile enzyme activity that make 
colonization by a probiotic feasible. The bacteria colonizing the in-
testinal tract inhibit the pathogenic bacteria through the competi-
tion for nutrients and space (Jatobá et al., 2018; Sayes et al., 2018).

The ability to inhibit any pathogenic bacteria is the most import-
ant characteristic for a probiotic in aquaculture (Cornélio et al., 2013; 
Dias et al., 2018). In this scenario, lactic acid bacteria stand out due 
to the production of specific components with bactericidal potential 
(Balcázar et al., 2006). According to Vieira et al. (2013), Lactobacillus 
plantarum shows a good ability to inhibit the growth of pathogens such 
as Aeromonas hydrophila, Escherichia coli, Enterococcus duran, Vibrio 

TA B L E  1   Mean values of reduction resistance tests of different strains (in %)

Strain Salt Bile NaCl 0% NaCl 3% NaCl 4.5% pH 2.5 pH 5.0 pH 9.0

ST01 21.07 ± 1.69abc 43.40 ± 4.37c 72.26 ± 1.33ab 66.72 ± 1.36a 65.15 ± 2.12ab 74.98 ± 2.08b 94.74 ± 2.09ab

ST02 15.74 ± 1.76bc 54.36 ± 2.52ab 55.06 ± 2.08c 49.92 ± 2.16ab 56.57 ± 7.04b 70.24 ± 3.79b 88.82 ± 8.32b

ST03 27.47 ± 3.82a 47.49 ± 0.97bc 60.54 ± 2.77abc 37.45 ± 2.30ab 41.36 ± 5.01c 92.56 ± 1.92a 91.41 ± 4.77ab

ST04 15.00 ± 2.04c 55.54 ± 2.06a 57.27 ± 1.12bc 29.97 ± 0.88b 39.30 ± 5.54c 47.68 ± 7.06c 94.74 ± 2.11ab

ST05 24.47 ± 1.73ab 52.24 ± 1.96abc 76.30 ± 2.91a 67.47 ± 2.03a 74.17 ± 5.36a 97.45 ± 1.95a 98.44 ± 1.02a

p-value .000046 .000174 .000001 .000001 .000010 .000012 .003090

Note: Lowercase letters in the column mean statistical difference (p < .05).
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harveyi, Vibrio anguillarum and V. alginolyticus. For Lactobacillus plan-
tarum, in this study, its inhibitory ability was mainly observed against 
Vibrio parahaemolyticus, showing the same results with the antibiotic 
oxytetracycline. This ability could be explained by the production of 
lactic acid, hydrogen peroxide and plantaricin (Hernandez, Cardell, & 
Zarate, 2005; Sugita, Ohta, Kuruma, & Sagesaka, 2007). According to 
Klaenhammer (1993), this specific component ‘plantaricine’ acts as pow-
erful bactericide against gram-negative bacteria. Thus, Lactobacillus 
plantarum may be an efficient probiotic for aquaculture. This is the first 
report of the autochthonous probiotic for clownfish Amphiprion ocel-
laris recommending L. plantarum as a potential probiotic.
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