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ABSTRACT
Streptococcus agalactiae is one of the fish pathogen which can cause mortality up to 90% in

commercial tilapia farms. This study aimed to evaluate the effectiveness of supplementation of
micro-encapsulated probiotic (Bacillus NP5), prebiotic (MOS) and combination of those materials
(synbiotic) through the feed on growth performances and immune responses of tilapia infected with
S. agalactiae. The probiotic cells were encapsulated by spray drying method. The experimental fish
were reared for 40 days and fed with feed-supplemented with probiotic, prebiotic and synbiotic and
without any supplementation to the feed (positive and negative control). On day 40, all fish except
negative control were challenged by S. agalactiae via intraperitoneal route injection in amount of
0.1 mL (106 CFU mLG1). This study showed that administration of 0.4% prebiotic to the feed
resulted the best growth performance in the end of feeding trial and survival rate after the
challenge test with S. agalactiae.
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INTRODUCTION
Tilapia is one of commercially important fish species cultured around the world with 72%

population produced in Asia (Li et al., 2014). Disease outbreak is one of the obstacles in tilapia
(Oreochromis niloticus) cultivation. The disease that often leads to the high mortality in tilapia
cultivation is streptococcosis, which is caused by Streptococcus agalactiae. Taukhid and
Purwaningsih (2011) reported that in Indonesia, streptococcosis ever caused outbreaks and tilapia
mortality. Streptococcosis-suspected-tilapia generally showed clinical symptoms such as red spots,
exophthalmia, opacity, purulent, melanosis, whirling, “C” shape and internal organs hemorrhage.
Mass mortality of tilapia due to S. agalactiae infection can occur on 10 days (Li et al., 2014).

Disease prevention in fish can be performed by administration of probiotics, prebiotics and
synbiotics. Probiotic is additional microbe which gives beneficial effects   to  the  host  health
(Nayak, 2010). Prebiotic is material which cannot be digested by the host, but it gives beneficial
effects by improving the growth and activity of beneficial bacteria in the digestive tract (Reid et al.,
2003). While, synbiotic is supplement which is made by combining probiotic and prebiotic
(Cerezuela et al., 2011). Several studies on the supplementation of probiotics and prebiotics in
tilapia has been done. The study by Aly et al. (2008) showed that administration  of Bacillus subtilis

571

http://crossmark.crossref.org/dialog/?doi=10.3923/jm.2015.571.581&domain=pdf&date_stamp=2015-10-26


Res. J. Microbiol., 10 (12): 571-581, 2015

could  enhance  immune  response  and  survival  of  tilapias  which  were  attacked by
Streptococcus iniae. While, Samrongpan et al. (2008), stated that the administration of prebiotic
(MOS)   in   tilapia  larvae  improved  growth  and  survival  of  tilapia  which  were  injected  by
S. agalactiae.

The obstacle of fresh culture probiotic application is viability of probiotic which decrease after
storage, so the probiotic preparation should be done every day. In addition, the ability of probiotic
to survive and work in the digestive tract of tilapia greatly affects the effectiveness of the probiotic.
Therefore, micro-encapsulation  is  needed  to  be  carried  out  on the probiotics  preparation.
Micro-encapsulation method is a technology for coating or lining of core material with a polymer
wall layer which makes it becoming micro-particles. Micro-encapsulation method is useful in
stabilizing the core material, improving shelf life and protecting bacterial components against
environmental conditions in the fish digestive tract (Anal and Singh, 2007).

Probiotic used in this study was Bacillus NP5 isolated by Putra and Widanarni (2015). In the
previous study, supplementation of Bacillus NP5 (fresh culture) and prebiotic from sweet potato
extract could increase the growth and survival of tilapias which were challenged by S. agalactiae
(Tanbiyaskur et al., 2015). Utami et al. (2015) reported that supplementation of dried Bacillus NP5
RfR to the feed could improve the growth performance of tilapia. This study aimed to evaluate the
effectiveness of micro-encapsulated probiotic Bacillus NP5 RfR, prebiotic MOS and a combination
of those materials (synbiotic) in improving growth, immune responses and resistance of tilapia
against S. agalactiae infection.

MATERIALS AND METHODS
Preparation of probiotic, prebiotic and synbiotic: Probiotic used in this study was Bacillus
NP5 isolated by Putra and Widanarni (2015) which has been marked as resistant to antibiotic
rifampicin at a dose of 50 μg mLG1 (Bacillus NP5 RfR). Probiotic biomass production was done by
subculture technique in TSB (Trypticase Soy Broth) medium. Bacillus NP5 RfR cells were cultured
in 50 mL of TSB medium for 18 h using thermo-shaker at a speed of 200 rpm and at a temperature
of 29°C, then it was re-cultured in 500 mL of TSB medium in the same culture condition. The
bacterial suspension was harvested by centrifugation (6000-7000 rpm) for 20 min to obtain probiotic
biomass, then it was homogenized by stirrer in 500 mL of sterile distilled water containing 10%
maltodextrin as a coating material. Spray drying process was carried out using a spray drying
machine (Buchi  mini)  to  produce  micro-encapsulated  probiotic.  Inlet  temperature  used was
100-110°C and outlet temperature was 55-58°C. Fresh culture of probiotic Bacillus sp. NP5 RfR at
a density of 1010 CFU gG1 resulted viability as much as 108 CFU gG1 after micro-encapsulation
process. The micro-encapsulated probiotic was stored in a refrigerator (-20°C) before using.
Prebiotic used in this study was commercial mannan oligosaccharide BIO-MOS® (Altech company),
which is derived from the cell wall of Saccharomyces cerevisiae. While, synbiotic used in this study
was a mixture of micro-encapsulated probiotic Bacillus NP5 RfR and prebiotic MOS.

Rearing condition and experimental design: Tilapia  (Oreochromis niloticus)  used  in this
study was tilapia strain nirwana with an average weight of 5.56±0.16 g derived from Fish Seed
Center Cibitung, Bogor, Indonesia. The rearing of fish was conducted in the aquariums sizing
50×30×25 cm3 with a density of 10 fish per aquarium. Before the treatment, tilapias were
acclimatized for a week. Experimental design used in this study was a Completely Randomized
Design (CRD) with five treatments and five replications. Feed used in this study (basal diet) was
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a commercial feed (Hi-provite) with a protein content of 30%. Test feed used in this study was
commercial feed with the addition of micro-encapsulated probiotic at a dose of 0.5% (A), prebiotic
MOS at dose of 0.4% (B) and the addition of synbiotic (micro-encapsulated probiotic at a  dose  of
0.5 and 0.4% prebiotic MOS) (C). Feed without the addition of micro-encapsulated probiotic,
prebiotic MOS and synbiotic (basal diet) was used for negative control (KN) and positive control
(KP). Test feed were prepared by mixing micro-encapsulated probiotic Bacillus NP5 RfR, prebiotic
MOS and synbiotic with egg white as much as 2% as a binder, then the test feed were aired-dried
and stored in a refrigerator at a temperature of 4°C before using. The feeding trial was conducted
for 40 days. Tilapias were fed with the test feed three times a day (08.00, 12.00 and 16.00 Western
Indonesia Time) by at satiation. On day 40, the fish were challenged by S. agalactiae via
intraperitoneal route injection at a dose of 100 μL (106 CFU mLG1) except for negative control.
Observation of survival rate after the challenge test was carried out for 10 days. Water quality was
maintained during the rearing period (temperature at 29°C, dissolved oxygen at 6.3-6.8 mg LG1,
TAN at 0.04-0.1 mg LG1 and pH at 7.18-7.25).

Observation of growth performance parameters: Growth performance parameters observed
were Survival Rate (SR), Specific Growth Rate (SGR) (Huisman, 1987) and Feed Conversion Ratio
(FCR) (Takeuchi, 1988) using the formula as follow:

Nt
SR (%) 100

N0
 

Where:
Nt : The number of fish in the end of study
N0 : The initial number of fish

In WE In WS
SGR (%) 100

d


 

Where:
WE : The final body weight of fish
WS : The initial body weight of fish
d : Rearing duration

Fish weight gain
FCR

Feed intake


Enumeration of total intestinal bacteria and total Bacillus NP5 RfR in the intestine:
Enumeration of total intestinal bacteria and total Bacillus NP5 RfR used spread plate method. Fish
intestine with a weight of 0.1 g was homogenized in 0.9 mL of sterile PBS (phosphate buffer saline)
for serial dilution. Then, 50 μL from each dilution tube was spread on TSA (trypticase soy agar)
medium for enumeration of total intestinal bacteria and TSA+rifampicin medium for enumeration
of total Bacillus NP5 RfR in the intestine. These enumerations were performed at the beginning and
the end of feeding trial (day 0 and day 40).
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Observation of immune response parameters: Immune response parameters observed in this
study included Erythrocyte Count (EC) (Blaxhall and Daisley, 1973), hematocrit level (Ht)
(Anderson and Siwicki, 1995), hemoglobin level (Hb) (Wedemeyer and Yasutake, 1977), leukocyte
count (LC) (Blaxhall and Daisley, 1973), Phagocytic Activity (PA) (Anderson and Siwicki, 1995) and
Respiratory Burst activity (RB) (Liu and Chen, 2004).

Enumeration of total Streptococcus agalactiae in the target organs: Enumeration of total
S. agalactiae in the target organs used spread plate method. Target organs (brain, eyes, kidneys
and liver) with a weight of 0.1 g were homogenized in 0.9 mL of sterile PBS for serial dilution.
Then, 50 μL from each dilution tube was spread on BHIA (Brain Heart Infusion Agar) medium.
These enumerations were performed on day 0, 45 and 50.

Statistical analysis: All data were analyzed with one-way ANOVA using SPSS (version 16). Then,
the data were tested with Duncan Multiple Range Test (DMRT), if there were significant
differences between the treatments.

RESULTS
Growth performances: The survival rate of tilapia after administration of micro-encapsulated
probiotic Bacillus NP5 RfR (A), prebiotic MOS (B) and synbiotic (C) for 40 days did not show
significant differences  between  treatments  (p>0.05)  with  a  range  value  of   96.67-100%.
Specific Growth Rate (SGR) and Feed Conversion Ratio (FCR)  of A, B and C treatment did not
show significant differences (p>0.05) between treatments, but significantly  different  with  controls
(KN and KP) (p<0.05). The highest specific growth rate was 2.79±0.14% and the lowest feed
conversion ratio was 1.26±0.07 found in B treatment (Table 1).

Total intestinal bacteria and total probiotic Bacillus NP5 RfR: On day 40, there were the
increases in total intestinal bacteria and total probiotic Bacillus NP5 RfR in  tilapia intestines
(Table 2). Total intestinal bacteria after feeding trial did not show significant differences among 

Table 1: Survival rate, specific growth rate and feed conversion ratio of tilapia in the end of feeding trial
Treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters KN KP A B C
SR (%) 96.67±5.77a 96.67±5.77a 100±0.00a 100±0.00a 100±0.00a

SGR (%) 2.54±0.05a 2.51±0.03a 2.69±0.05b 2.79±0.14b 2.77±0.09b

FCR 1.52±0.06a 1.55±0.09a 1.33±0.05b 1.26±0.07b 1.31±0.08b

SR: Survival rate, SGR: Specific growth rate, FCR: feed conversion ratio, Different superscript letters in the same row indicate significantly
different results (p<0.05)

Table 2: Total bacterial count and total probiotic count in the tilapia intestine during feeding trial 
Parameters and treatments Before feeding trial (log CFU gG1) After feeding trial (log CFU gG1)
TBC
A 7.68±0a 9.52±013b

B 7.68±0a 9.63±0.07b

C 7.68±0a 9.55±0.14b

KP 7.68±0a 8.71±0.18a

KN 7.68±0a 8.75±0.22a

TPC
A 0.00±0a 7.90±0.01a

B 0.00±0a 0.00±0b

C 0.00±0a 7.97±0.03a

KP 0.00±0a 0.00±0b

KN 0.00±0a 0.00±0b

TBC: Total  bacterial  count,  TPC:  Total  probiotic  count,  A:  Administration of 0.5% micro-encapsulated probiotic, B: 0.4% prebiotic,
C: Synbiotic , KN: Negative control, KP: Positive control, different superscript letters in the same parameter and period indicate
significantly different results (p<0.05)
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Fig. 1: Survival rate of tilapia after the challenge test with S. agalactiae. The different superscript
letters on bars indicate significantly different results (Duncan; p<0.05), negative (KN),
positive (KP) control, administration of 0.5% micro-encapsulated probiotic (A), 0.4% prebiotic
(B) and synbiotic (C)

A, B and C treatment (p>0.05), but significantly different with controls (KN and KP) (p<0.05). The
highest total intestinal bacteria was found in B treatment with a value of 9.67±0.03 log CFU gG1.
Total Bacillus NP5 RfR were detected in tilapia  intestines  fed  with  feed-supplemented  with
micro-encapsulated probiotic (A) and synbiotic (C). While, in controls (KN and KP) and prebiotic
MOS (B) treatment, there was no colony of Bacillus NP5 RfR. This showed that in A and C
treatment, Bacillus NP5 RfR were able to reach the target and to survive in tilapia intestine.

Survival rate after the challenge test: The survival rate of tilapia after the challenge test with
S. agalactiae (Fig. 1) showed no significant differences between treatments, administration of
micro-encapsulated probiotic Bacillus NP5 RfR (A), prebiotic MOS (B) and synbiotic (C) (p>0.05),
but showed significant differences with negative control (KN) and positive control (KP) (p<0.05).
The highest survival rate was found in B treatment (65±4.3%) while the lowest survival rate was
found in positive control (KP) which was 33.16±7.07%.

Immune response parameters: Health status and immune response of fish can be evaluated
through hematological parameters. Hematological parameters of tilapia during this study
presented in Fig. 2a-f. The hematological parameters observed in this study included Erythrocyte
Count (EC), hematocrit level (Ht), hemoglobin level (Hb), Leukocyte Count (LC), phagocytic activity
(PA) and Respiratory Burst activity (RB). Administration of micro-encapsulated probiotic Bacillus
NP5 RfR, prebiotic MOS and synbiotic gave effects to the fish hematology; there were fluctuations
in hematological parameters during this study. Administration of micro-encapsulated probiotic,
prebiotic and synbiotic showed better value on hematological parameters than controls.

The EC of tilapia increased at the end of feeding trial (day 40). This was in line with hematocrit
and hemoglobin level. The A, B and C treatment gave significant effect (p<0.05) to EC, Ht and Hb
of tilapia on day 40 compared to controls (KN and KP). The B treatment showed the highest EC,
Hb and Ht on day 40 (2.91±0.11×106 cells mmG3; 5.66±0.15 g%; 33.63±0.85%). Fluctuations of EC,
Hb and Ht occurred on day 43, 46 and 50 (3, 6 and 10 days after the challenge test); there were
declines in these parameters on day 43, then increased on day 46 and 50. The highest values of EC,
Hb and Ht after challenge test was found in B treatment.
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Fig. 2(a-f): (a) Erythrocyte count, (b) Hematocrit level, (c) Hemoglobin level, (d) Leukocyte count,
(e) Phagocytic activity and (f) Respiratory burst activity of tilapia during the study. The
different letters on each bar in the same day of treatment indicate significantly different
results (Duncan; p<0.05), negative (KN), positive (KP) control, administration of 0.5%
micro-encapsulated probiotic (A), 0.4% prebiotic (B), synbiotic (C)

The results showed that A, B and C treatment gave significant effect (p<0.05) to LC, PA and
RB of tilapia on day 40 compared to KN and KP treatment. The highest leukocyte count at the end
of feeding trial (day 40) was found in B treatment (0.87×105 cells mmG3). Fluctuations of LC, PA and
RB in tilapia occurred on day 43, 46 and 50; there were increases in these parameters on day 43
and then declined on day 46 and 50. The LC of B treatment increased after the challenge test on
day 43 that was significantly different from positive and negative control (p<0.05), then declined
on day 46 and 50. The highest phagocytic activity and respiratory burst activity after the challenge
test was also found in  B  treatment with the  highest  value  on  day 43 (62±3%; 0.398±0.016 O.D
630 nm).

Total Streptococcus agalactiae in target organs: The observation results of total S. agalactiae
in  target organs presented in Fig. 3(a-d). The  highest  total  S.  agalactiae  in  target  organs
(brain,  eyes, kidneys and liver) was found on day 45, then decreased on day 50. On day 45, total
S. agalactiae of A, B and C treatment were lower compared to KP (p<0.05). On day 50, there were
the decreases in  total  S.  agalactiae  in  all  target  organs  that  were  significantly  different  from
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Fig. 3(a-d): Total S. agalactiae in the (a) Brain, (b) Eyes, (c) Kidneys and (d) Liver of tilapia during
the challenge test. The different letters on each bar in the same day of treatment
indicate significantly different results (Duncan; p<0.05), negative (KN), positive (KP)
control, administration of 0.5% micro-encapsulated probiotic (A), 0.4% prebiotic (B),
synbiotic (C)

positive control (p<0.05). The B treatment showed the lowest  value  of  total S. agalactiae
compared to A, C and KP in all target organs (brain, eyes, kidney and liver).

DISCUSSION
The results showed that administration of micro-encapsulated probiotic Bacillus NP5 RfR (A),

prebiotic MOS (B) and synbiotic were able to increase specific growth rate and feed conversion ratio
which showed the lower values than negative control (KN) and positive control (KP). This was
supported by the presence of probiotic Bacillus NP5 RfR and total intestinal bacteria data that were
higher than positive and negative control. Administration of probiotic is known able to promote the
host growth by producing digestive enzymes which help nutrient utilization and host digestion
(Geng et al., 2011). Bacillus NP5 RfR is able to produce amylase which can increase growth and
improve feed efficiency in tilapia (Putra and Widanarni, 2015). While, prebiotic is capable of giving
beneficial effects to the host by modulation of beneficial bacteria selectively in the gastrointestinal
tract of tilapia. According to Titapoka et al. (2008), beneficial bacteria which have mannanase can
utilize mannan oligosaccharide for growth and bacteria replication which contributes to the growth
and digestibility of tilapia through exogenous digestive enzyme secretion. In addition, prebiotics
are known can inhibit the adhesion of pathogenic bacteria in the intestine, improve growth, feed
efficiency and composition of beneficial micro-flora in the intestine (Mahious et al., 2006).
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The administration of synbiotic could improve growth performance of tilapia. This indicated
that Bacillus NP5 RfR which was given in the form of synbiotic was able to produce digestive
enzymes that improved Specific Growth Rate (SGR) and resulting the lower Feed Conversion Ratio
(FCR) than controls (KN and KP). But in this study, administration of synbiotic showed no
significant differences on Specific Growth Rate (SGR) and Feed Conversion Ratio (FCR) compared
the administration of micro-encapsulated probiotic treatment (A) and prebiotic MOS treatment (B).
Furthermore, total probiotic count on synbiotic treatment (C) and probiotic treatment (A) did not
show significant differences. This was presumably due to Bacillus NP5 RfR could not utilize
prebiotic MOS, so there was no synergistic action between probiotic and prebiotic. This caused
synbiotic application did not provide significant differences on Specific Growth Rate (SGR) and
Feed Conversion Ratio (FCR) of tilapia when compared to administration of micro-encapsulated
probiotic (A) and prebiotic MOS (B).

Administration of micro-encapsulated probiotic Bacillus NP5 RfR, prebiotic MOS and synbiotic
were able to increase survival rate of tilapia against S. agalactiae. The B treatment produced the
best survival rate (65±4.3%). Bacillus NP5 RfR was able to increase survival rate of infected-tilapia
by inducing GALT (gut associated lymphoid tissue) system in the digestive tract of tilapia which
can enhance the fish immune responses through non-specific immune stimulation (Nayak, 2010).
Whereas prebiotic MOS can work directly and indirectly in increasing fish non-specific immunity
(Song et al., 2014). Prebiotic MOS works directly by interacting with mannose receptor in
macrophages, in which it can activate the phagocytic activity of macrophages and it works
indirectly by modulating the beneficial bacteria in the digestive tract of tilapia that can activate
the fish immune responses. Synbiotic ability to increase survival rate of infected-tilapia associated
with the high viability of Bacillus NP5 RfR in the fish intestines. According to Nayak (2010),
probiotic works by passing through the intestinal epithelial cells and interacting with lymphoid
tissue, then activating the fish immune system. In this study, administration of synbiotic (C) did
not show significant differences on survival rate of tilapia when compared to administration of
micro-encapsulated probiotic (A) and prebiotic (B). This was in line with study by Ai et al. (2011)
who reported that the survival rate of yellow croakers (Larimichthys crocea) which were given a
combination of B. subtilis and fructo oligosaccharide after infected with Vibrio harveyi, showed no
significant differences when compared to the administration of B. subtilis.

There were increases in EC, Hb and Ht of tilapia after feeding trial. These results were in line
with the study by Renuka et al. (2014) who found that EC, Hb and Ht of Catla catla increased after
administration of Lactobacillus acidophilus. Similarly with prebiotic application, Ahmdifar et al.
(2011) reported that administration of inulin could increase erythrocyte count on sturgeon. This
relates to the ability of probiotic, prebiotic and synbiotic in improving hematological parameters
as a response of blood production stimulation (haematopoietic). Furthermore, Takashima and
Hibiya (1995) reported that erythrocyte count in fish ranges between 1-3×106 cells mmG3. EC values
at the end of feeding trial were still in the normal range. This showed that the administration of
probiotic, prebiotic and synbiotic were safe for fish and able to improve the health of tilapia. The
increases in EC, Hb and Ht after the challenge test related to fish recovery phase.

The LC, PA and RB of tilapia in A, B and C treatment showed higher values compared to
negative control (KN) and positive control (KP) on day 40 of feeding trial. This related to the fish
immune  responses  in  responding  immunogenic  foreign  substances  which  enter  the   fish   body
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through feed (Aly et al., 2008), i.e., micro-encapsulated probiotic, prebiotic and synbiotic.
Fluctuations of LC, PA and RB occurred on day 43, 46 and 50; there were increases in these
parameters on day 43 and then decreased on day 46 and 50. The increases in LC, PA and RB in this
study indicated that the immune system worked against pathogen infection, in which leukocytes
played a role in phagocytosis.

Total S. agalactiae increased on day 45 and then decreased on day 50 in  all  target  organs  of
S. agalactiae (brain, eyes, kidneys, liver), while the lowest total S. agalactiae was found in B
treatment. The high values of total S. agalactiae on day 45 in all target organs related to the
incubation period and the growth of S. agalactiae resulting in fish mortality. The total S. agalactiae
in A, B and C treatment were lower than the positive control on day 45. This related to the ability
of micro-encapsulated probiotic Bacillus NP5 RfR, prebiotic MOS and synbiotic in enhancing the
fish immune responses through increased phagocytic activity and respiratory burst activity.
Phagocytic activity is the non-specific immune system that is mediated by mononuclear cells
(monocytes and macrophages) and polymorphonuclear cells. The cells act as the cells which catch,
process and present antigens to T cells. Respiratory burst activity produces H2O2 superoxide and
anion (OHG) that are highly toxic to bacteria thereby the ability of phagocyte cells to kill pathogens
(Rawling et al., 2012). The decrease in total S. agalactiae resulted in decrease of S. agalactiae
infection level, so, it will increase the fish survival rate.

CONCLUSION
Application of micro-encapsulated probiotic Bacillus NP5 RfR, prebiotic MOS and  synbiotic

were able to increase growth performance, immune response and survival rate of tilapia infected
by S. agalactiae.
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