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ARTICLE INFO ABSTRACT

Keywords: This current study evaluated the probiotic dietary supplementation with autochthonous bacterium Lactobacillus
Clownfish plantarum for Amphiprion ocellaris. Therefore, it was performed an experiment in complete randomized design
Captivity with four treatments (T1: Control without probiotic; T2: 10% T3: 10° and T4: 10° CFU/g of ration) and three
Growth

replicates. Juvenile fish (n = 120; 0.46 + 0.01g and 0.26 *+ 0.06 cm) were distributed in twelve aquarium
(80L) and it received trial meal three times a day at fed rate of 4% live weight during 90 days. The fish were
monthly measured and determined the total length, standard length, height, weight gain, biomass gain, specific
growth rate, apparently feed conversion, relative condition factor, uniformity and survival. At the end of ex-
periment (90 days) fish were submitted to hematological (n = 9/ treatment; Erythrogram, Leukogram and
Thrombogram) and histological analysis (n = 6/ treatment; Intestinal tract). Also, after the supplementation
period, the fish were challenged with pathogenic bacteria and the survival and blood analyzed. Results showed
the fish fed T3 and T4 had improvement on weight gain, feed conversion, specific growth rate, height and total
height from the intestinal villi. Increases of red blood cell (Erythrocyte, hematocrit and hemoglobin) and white
blood cell (Lymphocyte and monocyte) also observed to both treatments (T3 and T4), However the T4 promoted
the greater fish resistance to pathogenic bacteria. As conclusion, probiotic supplementation with the auto-
chthonous bacterium Lactobacillus plantarum 10° CFU/g provides zootechnical improvement for clownfish
rearing, but to improve the pathogenic infection resistance, the 10° CFU/g presented more adequate.

Ornamental fish

1. Introduction

The ornamental fish industry has grown around the world, having
an estimated value of USD 100 billion in 2015 (Faria et al., 2016). In
particular, ornamental marine fish farming holds valuable species in
high regard (Rhyne et al., 2012; Murray et al., 2012; Ladisa et al.,
2017). Currently, reef species remain the most reared ornamental fish
in many countries, such as Amphiprion ocellaris, which is reared in ten
different countries including Brazil (Fao, 2010, Rhyne et al., 2017).
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Commonly named the anemonefish or clownfish, this reef species
enjoys considerable popularity, given its vibrant colors and cinemato-
graphic history (Wabnitz et al., 2003; Doktor and Bui, 2018). Such fish
adapt quickly to captivity due to their rapid and substantial reproduc-
tion (Kodama et al., 2011). Consequently, their production has in-
creased across the world over time (Militz and Foale, 2017; Rhyne
et al., 2017; Ladisa et al., 2017).

However, in order to facilitate intensive production, adequate nu-
trition is an essential factor to ensure health and welfare in captivity.
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Some immunological stimulants such as probiotic bacteria have been
used to improve performance and health. Autochthonous acid lactic
bacteria have been highlighted as providing specific benefits for the
host (Sayes et al., 2017; Jatoba et al., 2018).

Autochthonous probiotics (such as Enterococcus faecium,
Lactobacillus plantarum, Lactobacillus brevis, Bacillus subtilis or Bacillus
cereus) increase weight gain and specific growth rate, improve feed
conversion, and promote higher survival and beneficial immunological
modulation with hematological changes and intestinal modulation in
fish species (Nandi et al., 2017; Park et al., 2017; Jatoba et al., 2018;
Liu et al., 2018; Dias et al., 2018).

Nonetheless, there remains little scientific literature regarding the
use of allochthonous or autochthonous probiotic bacteria for rearing
Amphiprion ocellaris (Wesseling et al., 2015). Due to this fish species'
national and international commercial importance, new feed alter-
natives are necessary to provide better performance and increase re-
sistance to infections. For these reasons, this study sought to evaluate
autochthonous probiotic supplementation on the productive perfor-
mance and immune modulation of juvenile clownfish (Amphiprion
ocellaris) reared in captivity.

2. Material and methods

This study adhered to the ethical protocols for animal welfare CEUA
number 010218. Isolated probiotics from six clownfish (Amphiprion
ocellaris) underwent in vitro tests and were identified using the MALDI-
TOFF method as Lactobacillus plantarum (Paixao et al., 2020). For the in
vivo test, an experiment was conducted with a completely randomized
design and four treatments (T1: Control without probiotic; T2: 10%; T3:
10° and T4: 108 CFU/g of ration) and three replicates. The probiotic
bacterium grown into Falcon tubes containing salinized Man Rugosa
Sharped Broth (MRS Broth + NaCl 1.5%) incubated at 35 °C for 24 h.
After bacterial growth, each Falcon tube containing the culture medium
underwent serial dilution (factor 1:10) to determine the concentrations,
and then sprinkled it at commercial ration (Tetra Marine Granules —
crude protein 44%; lipid 11%; fiber 2%; minerals 9%; enriched with
vitamin C and Omega-3 fat acid). Previously, the commercial diet was
exposure to a UV radiation to inactivate any probiotic present. The L
plantarum viability has a total of 15 days, but for this experiment, the
diet was made each seven days.

A total of 120 clownfish (Amphiprion ocellaris) (mean weight
0.46 + 0.01 g and 0.26 * 0.06 cm) were acclimated in a glass aqua-
rium (10 fish/aquarium 80L) connected to a water recirculation
system. The feed rate of 4% live weight and a feed frequency of three
times a day (9h, 12h and 17 h) (Johnston et al., 2003) for 90 days were
used. The water quality parameters remained stable, as follows: salinity
(30.00 + 0.48 ppt), temperature (28.07 = 0.54°C), pH
(8.16 = 0.06) dissolved oxygen (6.48 + 0.36 mg/L), and total am-
monia (0.29 += 0.10 mg/L).

The fish were anesthetized monthly by immersion using benzocaine
solution 20 mg/L (Pramod et al., 2010), and were then measured. The
total length gain (final length — initial length), standard length gain
(final standard length - initial standard length), height gain (final
height - initial height), weight gain (final weight — initial weight),
biomass gain (final biomass - initial biomass), specific growth rate (In
final weight — In initial weight/ experiment days x 100), apparent feed
conversion (apparent feeding intake / weight gain), relative condition
factor (In final weight/ b x In initial length — a), uniformity (weight
mean *+ 20% / total fish x 100) and survival were determined.

At the end of the experiment (90 days), nine fish per treatment
underwent blood evaluation. The blood was collected (1 mL) by caudal
vein puncture using a sterile syringe with 3% EDTA. The number of
erythrocytes (cell x 10° uL) was determined using a Neubauer chamber
(Garcia-Navarro, 2005), hematocrit percentage was attained in ac-
cordance with Goldenfarb (1971), hemoglobin concentration
(mg.dL ') was gauged with the aid of a biochemical analyzer (prestige
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1Q50), and total plasmatic protein (g.dL~') was measured using a re-
fractometer (Quimis®). Following Vallada (1999), hematimetric in-
dexes were calculated as mean corpuscular volume (MCV: Hematocrit x
100 / Erythrocyte fL), mean corpuscular hemoglobin (MCH: He-
moglobin x 10 / erythrocyte pg), and mean corpuscular hemoglobin
concentration (MCHC: MCH x 100 / Hematocrit %). For leukocyte
differential count, a blood smear was performed according Ranzani-
Paiva (1995).

Subsequently, fragments of the intestinal tract (1 cm) from six
clownfish per treatment received 10% formalin for 24 h until fixation
and were then exchanged to 70% alcohol (Azevedo et al., 2016). The
fragments underwent alcohol dehydration (70, 80, 90 and 100%) and
then embedded into paraffin. Transverse cuts were made with 5pm
thick sections and stained by hematoxylin-eosin (HE). Histological cuts
were analyzed by light microscopy, and measurements of intestinal
morphometric parameters (total height, height, width and thickness)
were taken in accordance with Silva et al. (2015).

As a final test, 45 clownfish were submitted to a trial challenge
against pathogenic marine bacteria previously isolated from sick
clownfish and identified as Vibrio fluvialis via the MALDI TOF method.
To this end, an experiment was conducted with a completely rando-
mized design, comprising five treatments and three replicates.
Clownfish of each treatment from the probiotic supplementation (T1,
T2, T3 and T4) received intraperitoneal injection with Vibrio fluvialis
1x10°CFU/mL and a negative control (T0), in which fish from T1 re-
ceived sterile saline solution (Marudhupandi et al., 2017). The fish were
kept in 10 L-tanks in a static system equipped with artificial aeration for
96 h. Every two (02) hours for four (04) days, clinical signs as well as
mortality were determined (Ina-Salwany et al., 2019). Dead fish (during
the trial time) and survivor fish at the end of 96 h were anesthetized and
subjected to blood and microbiological analysis to determine Koch's
postulates.

Normality and homoscedasticity tests (Shapiro-Wilk and Bartlett
test, respectively) were applied to all data for productive performance
and hematological evaluations, followed by analysis of variance
(ANOVA) with the post-hoc Tukey test (p < .05).

3. Results

After 30days, the fish showed higher weight gain, biomass and
specific growth rate (p < .05) in treatment four (T4). The fish in
treatment three (T3) presented similar feed conversion and standard
length gain as those in treatment four (T4). All probiotic treatments
improved height gain, although survival and relative condition factor
did not differ statistically (Table 1).

After 60 days, treatments T2, T3 and T4 promoted a reduction in
apparent feed conversion, and increase in length gain, weight and
biomass gain compared to the control (p < .05). Furthermore, the fish
in treatment four (04) exhibited the highest specific growth rate. No
statistical difference between the treatments were observed to relative
condition factor, survival and lot uniformity (Table 2).

At the end of the dietary supplemented experiment (90 days),
treatment three (T3) promoted improvements in biomass gain, ap-
parent feed conversion and specific growth rate. At this time, total
length gain, standard length gain, total height gain, relative condition
factor and survival did not differ between the treatments and the con-
trol (Table 3). Treatment four (T4) presented similarities in productive
performance with treatment three (T3), apart from in terms of apparent
feed conversion (AFC).

The lactic acid bacterium counted in intestines reflected the pro-
biotic concentration added in ration (Table 4). Only treatment four (T4)
manifested a low bacteria count in the intestine compared to the diet.

The probiotic supplementation in treatments three (T3) and four
(T4) increased the intestinal villi (Table 5). Height and total height
increases from treatment two (T2), although width and thickness in-
creased from the treatment three (T3).
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Table 1
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Mean values + standard deviation of productive performance from clownfish Amphiprion ocellaris submitted to probiotic supplementation during 30 days.

Parameters T1 T2 T3 T4

WG(mg) 96.67 * 29.63b 133.33 + 21.25ab 144.00 + 35.59ab 161.67 * 17.44a
BG(mg) 967 + 296b 1333 + 212ab 1440 + 356ab 1617 * 174a
TLG(cm) 28.82 + 0.49b 30.16 = 0.34a 30.60 * 0.57a 31.43 * 0.89a
SLG(cm) 25.46 + 0.31b 25.92 + 0.30ab 27.93 * 2.46a 27.30 * 0.54a
THG(cm) 11.27 = 0.31b 11.49 = 0.22a 11.54 = 0.21a 11.89 = 0.10a
AFC 6.75 = 1.77b 4.64 = 0.74ab 4.60 = 0.94a 3.76 = 0.44a
SGR(%) 0.63 = 0.17b 0.84 = 0.12ab 0.90 = 0.19ab 1.00 + 0.10a
UNI(%) 80.00 + 00.00a 56.67 + 5.77b 80.0 = 0.00a 56.67 + 5.77b
Kr 1.00 + 0.0la 1.00 + 0.00a 1.00 + 0.0la 1.00 *= 0.0la
S(%) 96.67 * 5.77a 100.00 = 0.00a 100.00 + 0.00a 100.00 * 0.00a

WG-weight gain, BG- biomass gain, TLG-total length gain, SLG-Standard length gain, THG-Total height gain, APF-Apparent feed conversion, UNI-Uniformity, Kr-
Relative condition factor, S-Survival, T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10%CFU/mL. Different letters in the rows mean statistical differ-

ence by Tukey test (p < .05).

Glucose values increased for all probiotic treatments (T2, T3 and
T4). Furthermore, the fish in treatment four (04) showed higher total
plasmatic protein also hematocrit and erythrocyte rates. Nonetheless,
treatment three (03) presented a statistical difference for hematimetric
index (MCV) and hemoglobin (Table 6).

In terms of white blood cells, treatment four (04) increased
thrombocytes and neutrophils (Table 7). Similar results were found
between treatment three (03) and four (04) with increased total leu-
kocytes, but with reduction in lymphocytes. The treatment without
probiotic supplementation (T1) had the lowest values for all blood
parameters with the exception of basophils.

These blood changes also occurred after the experimental challenge,
as reflected in the differences in survival rates. Treatment four (04)
showed the greatest survival (100%) compared to the other treatments
during the challenge (96 h) against Vibrio fluvialis 1 x 10° CFU/mL. The
highest mortality rate (55%) occurred in the treatment without pro-
biotic supplementation (T1) (Fig. 1).

The first clinical signs occurred in treatment one (01) after 24 h of
the experimental challenge. Erratic swimming and cranial hyperemia
represented the most frequent clinical signs until the end of the chal-
lenge (Table 8).

The clownfish in treatment one (01) exhibited a red spot on the
head after 36 h, as well as epidermal depigmentation and liver hyper-
trophy (Fig. 2).

The clownfish in treatment one (01) after challenge showed in-
creased glucose and lactate. Reductions in erythrocytes, thrombocytes,
lymphocytes, basophils and neutrophils also occurred (Table 9).

4. Discussion

This is the first report into the use of autochthonous bacteria as
probiotics for clownfish (Amphiprion ocellaris) reared in captivity. This

Table 2

bacterial supplementation is highly efficient in colonizing the intestinal
tract and provides benefits compared to allochthonous bacteria (Jatoba
et al., 2018; Hura et al., 2018). Dias et al. (2018) found that juvenile
tambaqui (Colossoma macropomum) fed with the autochthonous bac-
terium Bacillus cereus for 120 days showed better productive perfor-
mance. Moreover, the same results occurred with tilapia (Oreochromis
niloticus) after 30days of receiving autochthonous probiotic supple-
mentation, showing increases in weight and specific growth rate (Gobi
et al., 2018).

In the present study, intestinal modulation through bacterial colo-
nization and changes in intestinal morphology explain the superior
performance. The presence of probiotic bacteria in the intestinal tract
during an unbroken feed period promotes the growth of villi and con-
sequently greater nutrient absorption (Sayes et al., 2017; Munir et al.,
2018). Thus, higher weight gain or better specific growth rate represent
some of the benefits of autochthonous bacteria that have been reported
in the literature and observed in clownfish. The opposite result oc-
curred with goldfish (Carassius auratus) submitted to allochthonous
probiotic Lactobacillus helveticus, as no improvement in productive
performance was observed (Ahire et al., 2018).

The hematological profile provides important information about
health conditions and nutritional aspects (Ranzani-paiva et al., 2013).
The immunological system receives benefits from the probiotic sup-
plementation during an unbroken period of feeding. Increased nutrient
absorption thanks to greater numbers of intestinal villi result in a higher
amount of glucose in the blood. This means that clownfish with pro-
biotic diets have more energetic sources when compared to a control
without probiotics (Gao et al., 2018, Abe et al., 2019). Dias et al. (2018)
also reported this glucose alteration with a probiotic diet in tambaqui
fish. Other changes in the blood, such as the increased hematocrit and
hemoglobin observed in the present study, are in line with previous
findings for carp (Cyprinus carpio) using the same species of

Mean values + standard deviation of productive performance from clownfish Amphiprion ocellaris submitted to probiotic supplementation during 60 days.

Parameters T1 T2 T3 T4

WG(mg) 289.86 * 77.45b 419.02 = 25.02a 380.37 *= 38.59a 421.45 = 22.78a
BG(mg) 2412 *= 1143b 3594 + 330a 3803 + 385a 3957 + 473a
TLG(cm) 32.45 + 0.48¢c 36.57 + 0.39a 34.98 + 0.30b 35.73 + 0.49ab
SLG(cm) 28.44 = 1.02b 31.41 + 0.39a 31.17 + 0.60a 31.75 + 0.67a
THG(cm) 12.72 = 0.57b 13.81 = 0.30ab 13.18 = 0.63ab 14.25 = 0.55a
AFC 8.27 = 1.83b 4.45 = 0.30a 4.27 = 0.29a 4.15 = 0.38a
SGR(%) 1.58 + 0.31b 2.14 = 0.09ab 2.03 = 0.13ab 2.15 = 0.09a
UNI(%) 56.67 + 20.82a 68.00 + 19.08a 76.67 + 20.82a 51.00 + 33.81a
Kr 1.00 + 0.01a 1.00 + 0.00a 1.00 + 0.0la 1.00 + 0.0la
S(%) 93.33 = 11.55a 93.33 + 5.77a 100.0 = 0.00a 96.67 * 5.77a

WG-weight gain, BG- biomass gain, TLG-total length gain, SLG-Standard length gain, THG-Total height gain, APF-Apparent feed conversion, UNI-Uniformity, Kr-
Relative condition factor, S-Survival. T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10%CFU/mL. Different letters in the rows mean statistical differ-

ence by Tukey test (p < .05).
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Table 3

Mean values + standard deviation of productive performance from clownfish Amphiprion ocellaris submitted to probiotic supplementation during 90 days.
Parameters T1 T2 T3 T4
WG(mg) 460.76 * 23.74b 541.92 + 23.59ab 564.86 *+ 59.85a 563.56 = 127.57a
BG(mg) 2180 = 1141b 3101 = 1425b 4604 + 820a 3519 = 838ab
TLG(cm) 37.24 = 0.91a 36.87 + 0.30a 36.94 + 1.07a 37.32 = 1.59a
SLG(cm) 31.76 + 1.04a 31.45 + 0.73a 31.37 = 0.80a 31.26 + 0.83a
THG(cm) 13.88 = 0.10a 14.00 = 0.17a 14.32 = 0.31a 14.02 = 1.01a
AFC 8.50 + 3.52b 6.91 + 2.91b 3.81 = 0.53a 4.71 + 0.94b
SGR(%) 2.14 = 0.10b 2.58 = 0.08ab 2.67 = 0.17a 2.62 = 0.41ab
UNI(%) 34.29 * 10.17b 36.53 + 15.90ab 58.13 + 15.63ab 66.47 + 24.10a
Kr 1.00 = 0.01a 1.00 = 0.01a 1.00 = 0.01la 1.00 = 0.01a
S(%) 73.33 £ 20.55a 76.67 * 12.47a 90.0 = 8.16a 80.0 + 8.16a

WG-weight gain, BG- biomass gain, TLG-total length gain, SLG-Standard length gain, THG-Total height gain, APF-Apparent feed conversion, UNI-Uniformity, Kr-
Relative condition factor, S-Survival. T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10%CFU/mL. Different letters in the rows mean statistical differ-
ence by Tukey test (p < .05).

Table 4
Dietary and intestinal colonization with probiotic bacterium Lactobacillus plantarum after 90 days of experiment.

Local T1 T2 T3 T4

Colonization in the diet (CFU/g)

Ration 0.00 = 0.00 2.64 = 1.53 x 10* 3.34 = 1.15 x 10° 2.33 + 0.58 x 10°
Colonization in the intestine (CFU/cm)
L. plantarum 0.00 + 0.00 x 10° 2.33 + 0.53 x 10* 2.38 + 0.78 x 10° 1.34 + 0.51 x 107
HB 5.36 = 0.91 x 107 4.23 = 0.10 X 107 1.58 * 0.33 x 107 1.14 + 0.45 x 107

Heterotrophic bacteria*. T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x108CFU/mL.

Table 5

Mean values * standard deviation of morphometric villi from clownfish Amphiprion ocellaris submitted to the probiotic supplementation.

T1 T2 T3 T4

T. Height (um) 74.47 *+ 1.28c 84.30 + 2.69b 115.07 * 4.67a 118.07 = 4.53a
Height (um) 53.10 * 1.39¢ 60.43 + 1.38b 91.47 = 1.90a 89.17 + 2.55a
Width (um) 9.50 = 0.65b 8.63 = 0.38b 13.30 = 0.79a 12.97 = 1.01a
Thickness (um) 5.22 = 0.26b 5.42 = 0.22b 6.93 = 0.63a 7.73 = 0.54a

T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10°CFU/mL. Different letters in the rows means statistical difference (p < .05).

Table 6

Mean values *+ standard deviation of blood parameters from clownfish Amphiprion ocellaris submitted to the probiotic supplementation.
Parameters T1 T2 T3 T4
Glu mg/dL 24.11 + 5.11b 39.00 *+ 2.60a 41.71 + 2.81a 44.33 + 8.03a
TPP (g/dL) 2.60 = 1.30c 8.00 = 2.00bc 10.73 = 0.89b 10.07 = 2.25a
Hema (%) 12.84 = 0.95c 15.07 = 0.81bc 16.81 = 1.17ab 18.03 = 0.65a
Eryth (x10%) 1.00 = 0.42b 1.69 + 0.29ab 1.68 + 0.54ab 2.00 = 0.17a
Hemo (mg/dL) 6.42 + 1.30b 8.00 = 2.00ab 10.73 = 0.79a 10.07 = 2.25ab
MCV(fL) 102.76 + 6.75ab 90.89 + 11.66ab 107.40 + 28.39a 87.83 + 6.79b
MCH % 64.92 + 28.27a 47.79 + 20.66a 76.06 = 23.00a 50.34 + 12.55a
MCHC % 52.07 *+ 13.13a 51.29 + 14.60a 66.17 *+ 4.52a 55.13 + 11.88a

Glu-glucose, TPP-Total plasmatic protein, Hema-Hematocrit, Eryth-Erythrocyte, Hemo-Hemoglobin, MCV-Mean corpuscular volume, MCH-Mean corpuscular he-
matocrit, MCHC-Mean corpuscular hematocrit concentration. T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10%CFU/mL. Different letters in the rows
means statistical difference (p < .05).

Table 7

Mean values *+ standard deviation for white blood cell of clownfish Amphiprion ocellaris submitted to probiotic supplementation during 90 days.
Parameters T1 T2 T3 T4
Thrombocyte 1.11 + 0.14b 1.10 + 0.17b 1.20 = 0.20b 2.71 = 0.10a
Lymphocyte 16.90 = 1.28a 16.50 = 1.05ab 14.90 = 1.21b 13.30 = 1.33b
Monocyte 0.50 + 0.08b 0.94 = 0.19a 0.91 = 0.24a 1.11 + 0.25a
Neutrophil 2.01 = 0.39¢ 2.02 = 0.67c 3.20 = 0.22b 4.95 = 0.41a
Basophil 0.65 *= 0.05a 0.50 *= 0.04a 0.64 = 0.07a 0.69 = 0.17a
Total Leukocytes 34.07 = 2.44ab 28.07 + 1.06b 45.24 * 5.98a 49.65 + 7.09a

Thrombocyte cells/uLx10>, Lymphocyte cells/uLx10% Monocyte cells/uLx10%, Neutrophil cells/ulx10%, Basophil cells/uLx10%, Total Leukocytes cells/uLx10*. T1-no
probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x108CFU/mL. Different letters in the rows means statistical difference (@ < .05).
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Fig. 1. Accumulated mortality during the challenge (96 h) against marine fish
pathogen Vibrio fluvialis. T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL,
T4-1x10°CFU/mL. Different letters means statistical difference in each ob-
servation time (p < .05).

Table 8
Clinical signs of clownfish Amphiprion ocellaris challenged by pathogenic bac-
terium Vibrio fluvialis during 96 h.

—
=
—
N

Clinical Signs TO* T3 T4

Erratic swimming -
Epidermal depigmentation -
Cephalic hemorrhage -
Cranial hyperemia -
Loss of balance -
Accelerated opercula beat -
Lethargy -
Liver hypertrophy -
Kidney hypertrophy -
Liver opacity -
Abdominal exudate -
Internal hemorrhage -

I+ o+ o+
I
I

R
[
[
\

TO- Injection of sterile saline solution, (+) presence of clinical signs, (—) ab-
sence of clinical signs.

autochthonous probiotic bacterium Lactobacillus plantarum (Valiallahi
et al., 2018).

Furthermore, defense cells like lymphocytes and neutrophils in-
creased in this study, as also seen for Labea rohita using the probiotic
bacterium Bacillus sp. (Nandi et al., 2017). According to Yamashita
et al. (2017), neutrophils act as the first line of defense against various
problems, including inflammation and bacterial infection. Increased
neutrophils in the blood of clownfish (Amphiprion ocellaris) is an im-
mune stimulant effect caused by probiotics.

Currently, resistance against bacterial infection related to probiotic
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supplementation has been widely reported in the literature. Tilapia
(Oreochromis niloticus) submitted to a probiotic diet with Bacillus liche-
niformis showed immunological improvements, reflected in greater re-
sistance to Aeromonas hydrophila (Gobi et al., 2018). Furthermore,
dietary probiotic supplementation containing Bacillus velezensis in the
feed of ornamental goldfish (Carassius auratus) can promote im-
munological resistance against the same kind of pathogenic bacterial
infection (Yi et al., 2018).

Such resistance against pathogenic bacteria can be explained by the
increase in leukocytes stimulated by the probiotic (Sayes et al., 2018,
Jatoba et al., 2018; Dias et al., 2018). Liu et al. (2018) found that fol-
lowing probiotic supplementation, the ornamental striped beakfish
(Oplegnathus fasciatus) exhibited greater phagocytic capacity against
Vibrio alginolyticus due to higher numbers of leukocytes. A similar result
was found in the present study with clownfish (Amphiprion ocellaris)
receiving probiotic supplementation containing Lactobacillus plantarum
108 CFU/g, as they showed resistance against Vibrio fluvialis 10° CFU/
mL.

Vibrio is the most common pathogen among marine ornamental fish
around the world (Fioravanti and Florio, 2017; Lafferty et al., 2015).
Indeed, the bacterium Vibrio fluvialis has already been reported for or-
namental fish (Annie Selva Sonia and Lipton, 2012). Nonetheless, this is
the first report regarding their infection in the ornamental fish Amphi-
prion ocellaris. This bacterium has a similar level of virulence as Vibrio
parahaemolyticus, which infected sebae clownfish (Amphiprion sebae) at
the same concentration of 10° CFU/mL (Marudhupandi et al., 2017).

Its clinical signs described in the literature (Huang and Wen-Wei
Hsu, 2005; Annie Selva Sonia and Lipton, 2012), such as cephalic he-
morrhage and cranial hyperemia, corroborate the present study during
the trial challenge, and these clinical signs may explain the reduction in
erythrocytes which was linked to hemorrhaging.

A reduction in leukocytes in fish without probiotic supplementation
can be caused by the migration of cells to infection points. Nevertheless,
fish that receive probiotics in their diets present greater numbers of
lymphocytes against pathogenic bacterium after challenge. This ele-
vated lymphocyte number in supplemented fish occurs due to the im-
munological improvement caused by probiotic supplementation, pro-
moting more defense cells to combat the infection.

Despite the immunological improvement and greater resistance
against pathogenic bacteria seen for clownfish submitted to the largest
probiotic concentration (108 CFU/mL), productive performance re-
mained similar to concentration of 10° CFU/mL. This difference be-
tween performance and immunological improvement might be con-
nected to the physical limitations of the intestinal tract to the growth of
probiotic bacteria. In an experiment using probiotic supplementation
with striped beakfish (Oplegnathus fasciatus), the largest concentration
(108 CFU/mL) also did not result in greater productive performance
(Liu et al., 2018).

Fig. 2. Clinical signs of clownfish Amphiprion ocellaris challenged by pathogenic marine bacterium Vibrio fluvialis during 96 h. Liver hypertrophy (a), cephalic

hemorrhage (b), epidermal depigmentation (c).
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Table 9
Mean values *+ standard deviation for blood parameters of the clownfish Amphiprion ocellaris after the challenge against Vibrio fluvialis.
TO T1 T2 T3 T4

Glucose 12.60 = 2.41b 41.20 + 16.36a 26.40 = 7.16a 18.20 + 6.34ab 18.00 + 3.74ab
Lactate 0.90 = 0.13c 2.28 *+ 0.12a 1.43 = 0.14b 0.98 = 0.13c 0.90 = 0.15c
Erythrocyte 0.82 = 0.49ab 0.38 + 0.23c 0.60 = 0.22b 1.02 = 0.49a 1.10 + 0.35a
Thrombocyte 0.21 + 0.0lab 0.05 + 0.01b 0.18 + 0.05ab 0.48 + 0.02ab 0.80 = 0.11a
Lymphocyte 2.15 + 0.04ab 1.28 *= 0.02b 2.02 + 0.13ab 3.67 = 0.02a 3.95 * 0.14a
Monocyte 0.20 = 0.0lab 0.34 + 0.02a 0.34 = 0.01a 0.18 = 0.02b 0.20 = 0.02ab
Neutrophil 0.25 + 0.04ab 0.09 + 0.01b 0.22 + 0.02ab 0.59 + 0.04ab 1.01 = 0.11a
Basophil 0.15 = 0.02b 0.05 + 0.01d 0.08 = 0.01c 0.20 = 0.01b 0.30 = 0.04a
T.Leukocyt. 13.9 + 0.48a 11.81 + 0.12b 13.73 *= 0.29a 12.58 + 0.12ab 13.16 * 0.47ab

Glucose mg/dL, Lactate mg/dL, Erythrocyte cells/uLx10°, Thrombocyte cells/uLx10% Lymphocyte cells/uLx10, Monocyte cells/uLx10>, Neutrophil cells/uLx10°,
Basophil cells/uLx10>, Total Leukocytes cells/uLx10* T1-no probiotic, T2-1x10*CFU/mL, T3-1x10°CFU/mL, T4-1x10°CFU/mL. Different letters in the rows means

statistical difference (p < .05).
5. Conclusion

The autochthonous bacterium Lactobacillus plantarum at concentra-
tion 10° CFU/mL provides greater productive performance. However,
only the concentration 10% CFU/mL promoted higher resistance against
pathogenic marine bacterium Vibrio fluvialis for clownfish Amphiprion
ocellaris.
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