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Abstract

The present study was conducted to evaluate the use of Bacillus amyloliquefaciens as a
probiotic source in the diet of rock bream, Oplegnathus fasciatus. A total of 210
fingerlings (25.4 £ 0.13 g) were divided into two groups, three replicates each; control
(C) and probiotic (P) group (35x3=105 fish per group). C group was fed a basal diet
without probiotic while P group was fed with B. amyloliquefaciens spores at a
concentration of 1.4 x10° colony-forming units per gram (CFU/g) of feed. After 90
days, P group fish showed significant improvements in body weight (BW), weight gain
(WG), specific growth rate (SGR) and food conversion ratio (FCR) when compared with
C group fish. Also, in bi-weekly assessments, serum protein and glucose level showed a
significant increase (p<0.05) in probiotic fed fish compared with the control group.
Similar increase in serum antioxidant and lysozyme activity was found in the probiotic
fed fish group. However, there was a significant decrease in triglyceride and total
cholesterol along with increased alanine aminotransferase (ALT) and aspartate
amonotransferase (AST) levels in probiotic diet fed fish compared to the control. After
seventy days the fish were challenged with Streptococcus iniae and mortality of the
probiotic fed fish was significantly lower (p<0.05) when compared with the control.
These results demonstrate the benefit of incorporation of B. amyloliquefaciens as a feed
supplement to improve the health status of Oplegnathus fasciatus challenged with
Streptococcus iniae.
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Fax: +82647563.
Tt The authors contributed equally to this work.
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Introduction

Microbial pathogens can have a significantly negative effect on the progress of
aquaculture (FAO, 2014). Outbreaks of disease, coupled with restricted use of chemical
antibiotics, have increased the necessity to search for, and use other antibiotic
alternatives. In the past two decades, use of probiotics in the prevention and
management of fish diseases has received much interest. Probiotics are beneficial
microbial cells that are commonly used as immune-modulators (Nwanna et al., 2014;
Salminen et al., 1999). The supplementation of fish diets with probiotics modulate
specific functions of the gut and immune system and enhance disease protection
(Gullian et al., 2004; Nayak, 2010). The most commonly used probiotics in aquaculture
are Bacillus sp., Lactobacillus sp., and Saccharomyces sp (Abdel-Tawwab et al., 2008;
Aly et al., 2008; Pal et al., 2007).

Bacillus species are nonpathogenic aerobic gram-positive bacteria that are
administrated orally to enhance gastro-intestinal microbial populations (Zhou et al.,
2010; Ridha and Azad, 2012; Miao et al., 216). Most probiotic microbes are marketed
as drug or foodstuffs and their safe application has been confirmed (Mayra-Makien &
Bigert, 1993). Efforts to use probiotic bacteria as biological control agents for fish
diseases have increased due to shortage of effective and safe antibiotics (Bansemir et
al., 2006). Though several studies have reported in vitro and in vivo influence of
probiotics on different fish species, knowledge regarding the dietary effect of B.
amyloliquefaciens on rock bream remains scant.

Rock bream, Oplegnathus fasciatus, is an economically important marine fish in
East Asia. In 2012, its aquaculture production in Korea alone was approximately 650
metric tons (MOMAF, 2014). However, high mortality of both juvenile and adult rock
bream occurs in early summer when water temperatures increase to 16-19°C (Kim et
al, 2008). With growing interest in culture of this species, there has been an increase in
the number of published studies on nutrition of O. fasciatus (Kang et al., 1998; Wang
et al., 2003; Kim et al., 2008; Hwang et al., 2013; Kim et al., 2013a, 2013b) however
there is little information on feeding and dietary additives that promote the health
status of this species (Ko et al., 2008; Lim et al., 2013). The present study was
conducted to investigate the dietary effects B. amyloliquefaciens-JFP2 on growth, feed
consumption, and innate immune response in probiotic fed juvenile rock bream,
Oplegnathus fasciatus challenged with Streptococcus iniae.

Materials and methods

Fish. Healthy cultured rock bream, Oplegnathus fasciatus (25.4 £ 0.13 g, n = 250)
were obtained from a local fish farm in Jeju Island, Republic of Korea. The fish were
transported and reared in a recirculating culture system in the Department of Aquatic
Biomedical Science, Jeju National University. The recirculating culture system consisted
of four 1000 L circular tanks and one 1000 L filter tank with continuous aeration and
temperature control. Rearing tank water was partially replaced with sand filtered water
once a week. The measured water quality parameters were: salinity 33 + 0.7 ppt, pH
7.5 £ 0.6, dissolved oxygen 8.4 £ 0.6 mg/L, ammonia 0.006 mg/L, and photoperiod
14 h light:10 h dark cycle. Fish were fed with a basal diet ad /ibitum twice a day at
09:00 and 15:00 h at a rate of 5% of their body weight (Table 1).
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Table 1. Dietary formulation and proximate composition of basal diet

Ingredients (g/ 100 g diet) Composition (%)
Fish meal 57.0
Wheat flour 20.0
Soy bean oil 5.7
Fish oil® 5.3
Mineral premix* 2.5
Vitamin premix? 3.0
Cellulose® 2.5
Binder 2.0
Antifungal 0.3
Antioxidant 0.35
Proximate composition (%)

Crude protein 39.48
Crude Lipid 19.7
Ash 9.7
Fiber 2.7
Moisture 8.2
NFE 17.9
Gross energy (MJ/kg) 22.06

@ E-Wha oil, Pusan, Korea

b United States Biochemical (Cleveland, OH) 44122

¢ Premix (g/100 g) contains pL-calcium pantothenate, 0.5; choline bitartrate, 10; inositol, 0.5;
menadione, 0.02; niacin, 0.5; pyridoxine-HClI, 0.1; riboflavin, 0.1; thiamine mononitrate, 0.1; bL-
a-tocopheryl acetate, 0.2; retinyl acetate, 0.02; biotin, 0.01; folic acid, 0.02; B12, 0.0002;
Cholecalciferol, 0.008; a-cellulose, 85.0.

4 Premix (g/100 g) contains Al, 0.12; Ca, 500; Cl, 10; Cu, 0.5; Co, 0.9; Na, 0.13; Mg, 50; P,
5000; K, 425; zZn, 0.3; Fe, 4; I, 0.5, Se, 0.02; Mn, 0.9.

¢ Nitrogen-free extracts (NFE) = dry matter - (crude protein + crude lipid + ash + fibre).
fGross energy (MJ/kg) calculated according to 23.6 kJ/g for protein, 39.5 kJ/g for lipid and17.0
kl/g for NFE.

Experimental diet. To prepare probiotic (B. amyloliquefaciens) JFP2 enriched
diets, the required amount of probiotics bacterial suspension was slowly sprayed into
the feed, mixing part by part in a drum mixer, after which it was air-dried at 18°C
under sterile conditions for 12 h. The viability of the incorporated bacterial cells in the
feed was assessed by spreading onto MRS agar (Merck). The colony count was taken
after incubation at 30°C for 48 h. The bacterial count of the feed taken at this point
twice during the trial averaged to 1.4x10° CFU/g. The pellets were dried in an oven at
30°C for 18 h, packed and stored in a freezer at -20°C until used.

Experimental design. To study the hematological and innate immune
parameters, fish were randomly grouped into two treatments: control and probiotic,
with three replicates of each; 35 fish in each group. Five fish were sampled every two
weeks to assess blood biochemical and immune parameters. After seventy days of
feeding the experimental diets, fish were challenged with S. iniae and mortality was
recorded for 20 subsequent days.

Growth performance. All fish were deprived of food 24 h before weighing and

sampling, and the following parameters were measured at the end of feeding trial (8
weeks):
Weight gain = W, (g) - W; (g); Specific growth rate (SGR) = 100 (In W, - In W;) T%;
Feed conversion ratio (FCR) = feed intake/weight gain (g); Survival rate= (final amount
of fish/initial amount of fish) x100; Where W1 is the initial weight, W2 is the final
weight and T is the number of days in the feeding period.

Hematological and biochemical analysis. Before the experiment and after being
fasted for 24 hours, five fish were randomly collected from each replicate diet group,
weighed and bled with 24-G needles (Houston, 1990) for hematological, biochemical,
and immunological assays. White and red blood cells (WBC: 10* mm™ and RBC: 10°
mm™3) were counted with a hemocytometer using Dacie’s diluting fluid (Blaxhall and
Daisley, 1973). Hematocrit (Ht: %) was determined using a microhematocrit reader
(Compur M1100, Lab-Center, Madrid, Spain) and the values expressed as the
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percentage of erythrocytes. Hemoglobin (Hb: g/dl) concentration was estimated by
spectrophotometry at 540 nm using the cyanmethemoglobin method with Drabkin’s
reagent (Blaxhall and Daisley, 1973). Differential leukocytes were counted from one or
more blood slides of each experimental group. The leukocytes from each slide were
enumerated accurately under a 400x microscope avoiding re-counting fields not less
100 cell counts. Leukocytes were identified as lymphocytes (LYM), monocytes (MON),
eosinophils (EOS), and neutrophils (NEU) following Houston's method (Houston, 1990).
After reading the Ht, the packed erythrocytes were discarded and the plasma stored at
-12°C for biochemical analyses that included total protein (TP: g/dl), glucose (GLU:
mg/dl), triglyceride, total cholesterol, aspartate aminotransferase (AST), and alanine
aminotransaminase (ALT) by spectrophotometry in an automatic blood analyzer (Ch100
plus, DaeKwang Meditech, Korea).

Macrophage activity analysis. The intracellular macrophage activity (respiratory
burst activity) was measured (Secombes and Fletcher, 1992) in the peripheral blood
leucocytes (1 x 10° cells/well) incubated with 25 puL of nitroblue tetrazolium (NBT,
1 g/L) in 175 pL culture medium for 2 h at 28 °C. The supernatants were removed and
the cells were fixed with 100% (v/v) methanol for 5 min. Each well was washed twice
with 125 pL of 70% (v/v) methanol. The fixed cells were allowed to air dry. The
reduced NBT (in the form of formazan) was dissolved using 125 pL of 2N potassium
hydroxide and 150 pL of dimethyl sulphoxide/well. Optical density was measured by
spectrophotometry at 650 nm.

Serum lysozyme analysis. Serum lysozyme activity was measured in
combination with the microplate adaptation. In this turbidimetric assay, 0.03%
lyophilized Micrococcus lysodeikticus (0.05M sodiumphosphate buffer, pH 6.2) was used
as a substrate. 10 pL of fish serum were added to 250 L of a bacterial suspension in a
‘U’-bottom microtitre plate. The reduction was measured with a microplate reader
(Biorad, Ramsey, MN, USA) at 22°C and 490 nm after 0.5 and 4.5 min of incubation.
One unit of lysozyme activity was defined as a reduction in absorbance of 0.001/min.

Challenge test. Streptococcus iniae (ATCC29178) was obtained from the Korean
Type Culture Collection and was cultured in tryptic soy broth (TSB, Korea) at 25°C for
48 h. After 70 days of feeding with probiotic and control diet, triplicate samples of fish
10 fish from each group were challenged by intraperitoneal injection (IP) with 0.1 mL of
S. iniae in 0.9 % (w/v) saline containing 1.2 x 10° cells/ml. All fish were kept under
observation for 20 days to record any abnormal behavior, clinical signs and mortality.
At the end of the challenge test, the cumulative mortality rate (%) was calculated.

Statistical analysis. All the tests were performed in triplicate. The data were
subjected to statistical analysis using the SPSS software version no. 18 (SPSS Inc.,
Chicago, IL, USA). The statistical analysis was done by using one-way analysis of
variance (ANOVA) followed by Tukey’s test to compare the means between individual
treatments. P-value of <0.05 was considered significant.

Results
Growth performance and survival rate of both treatment groups of fish (control and
probiotic feed) are shown in Table 2 and Fig 1. In the probiotic fed fish group FCR
decreased (1.86+0.2); WG and SGR increased (32.76+1.32) and 2.56%+0.14
respectively) compared to the control fish group.

Table 2. Growth performance of Oplegnathus fasciatus fed with diets enriched B.
amyloliguefacens JFP2 for 70 days*.

Index Control diet group Probiotic diet group

WG 23.16+1.142 32.76+1.32°
SGR  2.22+0.09° 2.56+0.14°
FCR  2.18+0.22¢ 1.86+0.20°

*Data are presented as mean £ S.D (n = 10). Values in each row with different superscripts
shows significant difference (P < 0.05). WG, weight gain; SGR, specific growth rate; FCR, fed
conversion ratio
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Fig.1. Cumulative mortality of Oplegnathus fasciatus fed with control and B. amyloliquefaciens

JFP2 enriched probiotic diet. Values are mean=SE (n=10).

Rock bream fed an B. amyloliquefaciens enriched probiotic diet showed a significantly
(P<0.05) elevated level of RBC (0.92+0.18) and WBC (12.2+0.7) compared to the
control (Table 3). There was no significant variation in Hb and Ht levels (P>0.05)
between control and probiotic diet fed fish groups.

Table 3. Hematological indices of Oplegnathus fasciatus fed with diets enriched B.
amyloliquefacens -JFP-2 for 70 days*.

Parameter Control diet group Probiotic diet group
RBC (10® mm™3) 0.83+0.12° 0.92+0.18°

WBC (10° mm™) 11.7+0.5° 12.2+0.7°

Ht (%) 21.1+1.2°2 21.5+1.92

Hb (g dL-1) 5.64+0.24° 5.52+0.58?
Lymphocytes (%) 80.8+1.26° 77.8+1.32°
Neutrophils (%) 16.9+0.92 19.4+1.0°
Monocyte (%) 0.87+0.10 1.14+0.18
Eosinophils (%) 0.34+0.07 0.37+0.08

*Data are presented as mean + S.D (n = 5). Data in the same row with different superscript are significantly
different (P < 0.05). RBC- red blood cells; WBC- white blood cells; Hb- hematocrit; Hb- haemoglobin
concentration.

Probiotic diet fish group showed significant decrease in cholesterol and triglyceride
levels compared to the control diet fish (Fig. 2). Conversely, total protein and glucose
level rose significantly (P<0.05) (Fig 3) while the two liver enzymes namely ALT and
AST decreased significantly (Fig. 4) in the probiotic diet group when compared to
control diet group. Among the innate immune parameters, respiratory burst and
lysozyme activity were found to rise significantly (P<0.05) in the fish fed probiotic feed
compared to the control (Fig. 5).
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Discussion
Dietary effect of our lab isolated probiotic bacterial strain Bacillus amyloliquefacens-
JFP2 from Jeju Island’s traditional fermented seafood, jeotgal was assessed for growth
and innate immune parameters of rockbream, Oplegnathus fasciatus.

Growth and survival rate. Fish fed probiotic enriched feed showed significant
increase in growth, FCR and survival rate compared to control diet fed fish. Similarly,
significant effects of probiotic enriched diet on growth performance have also been
reported in red sea bream (Dawood et al., 2016), rohu (Ghosh et al., 2003), Nile tilapia
(Aly et al., 2008), Siberian sturgeon (Pourgholam et al., 2016) and Pla Pho (Pangasius
bocourti) (Meng-Umphan, 2009).

Hematological and blood biochemical parameters. Generally hematological
parameters of fish are reported to be influenced by several factors such as species,
size, age, physiological status, culture conditions and the dietary regime. In the present
study, a B. amyloliquefaciens-JFP2 enriched probiotic diet significantly (P<0.05)
enhanced RBC and WBC levels and there was no variation in Hb and Ht levels between
control and probiotic diet fed fish groups. The amounts of hemoglobin and hematocrit
are a function of RBC changes (Soltanzadeh et al., 2015). Previous studies have also
reported that fish fed with feed enriched with probiotic species such as Bacillus
licheniformis, B. subtilis, Saccharomyces cerevisiae etc show increased WBC and RBC
levels and the cellular innate immune response is enhanced (Kumar et al., 2013;
Kumar et al., 2006; Jessus et al., 2002).

B. amyloliquefaciens enriched probiotic diet fed fish show a significant decrease
in cholesterol and triglyceride levels compared to the control diet fed fish (Fig. 2).
Similar declining pattern of triglycerides and total serum cholesterol levels were
reported in tilapia fed with feed containing Bacillus cereus (Wang et al., 2015).
However, levels of total protein and glucose rose significantly (P<0.05) in probiotic fed
fish compared to the control diet fed fish (Fig. 3). Likewise increased glucose levels
were reported in Rogu, Labeo rohita and Nile tilapia, Oreochromis niloticus when fed
diets enriched with probiotic bacteria (Mohapatra et al., 2014; Reda and Selim, 2015).
In general, an increase in serum protein level is an indicator of innate immunity, which
is considered important in invertebrates and a fundamental defense mechanism of fish
(Ellis, 1990). Such mechanisms form a series of essential functions that keep host cells
alive, healthy, and protected from pathogens. The use of Bacillus species has been
shown to elicit inhibitory responses to numerous fish diseases, such as red mouth
disease, edwardsiellosis, furunculosis, lactococcusis, streptococcusis, vibriosis and
aeromoniasis (Harikrishnan et al., 2010; Brunt et al., 2007; Ridha et al., 2003; Kumar
et al., 2006; Taoka et al., 2006; Kamgar et al., 2012 ).
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ALT and AST, two liver enzymes, decreased in the probiotic diet fish group
compared to the control (Fig. 4). Results indicate that probiotic diet could decrease the
level of liver enzymes. This is in accordance with the results of Lin and Luo, (2011).

Innate immune factors. Among the innate immune parameters, respiratory burst
and lysozyme activity were found to rise significantly (P<0.05) in the fish fed with
probiotic feed compared to the control (Fig. 5). Similar results were observed after
feeding diets formulated with probiotic bacteria in rogu and mrigala (Mohapatra et al.,
2014; Bandyopadhyay, et al., 2015). Respiratory burst activity due to an increase in
the oxidation level in phagocytes stimulated by foreign agents is considered to be an
important indicator of innate defense mechanism in fish (Miyazaki, 1998), where O, is
the first product to be released (Lee et al., 2000). In fish the O, production is generally
affected after activation of phagocytes since it triggers production of superoxide anion
(O,7) and its reactive derivatives (i.e. hydrogen peroxide and hydroxyl radicals)
associated with intense oxygen consumption, called the respiratory burst (Secombes
and Fletcher, 1992). The reactive species are capable of destroying the invading
pathogens (Hassett and Cohen, 1989). In the present study, administration of probiotic
enhanced diet improved the production of ROS and RNS by peripheral blood leucocytes
and oxygen radicals during the process of oxidative burst from week 1-6. Production of
ROS and RNS or NO is a crucial mechanism limiting the growth of fish pathogens
(Qlivier et al., 1985).

The enhancement of the innate immune response with a B. amyloliquefaciens
enriched probiotic diet, decreased mortality rate (Fig. 1) thereby protecting the fish
against S. iniae. In addition, feed utilization increases thereby decreasing the amount of
feed necessary for fish growth, and thus reducing production costs. Our results suggest
that the dietary inclusion of probiotic bacterial stain Bacillus amyloliquefacens-JFP-2
isolated from jeogtal, improves the growth and health status of rockbream,
Oplegnathus fasciatus challenged with S. iniae.
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