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Abstract: Objective: The aim of the research was to investigate efficacy of dried bio-floc supplemented with immuno-stimulants as 
beta-glucan and nucleotide on mortality rate and relative percent survival (RPS) of tilapia infected with Flavobacterium columnare, 
VETSV01. Materials and Methods: A research was performed in 1-inch long tilapia stimulated its immunity by infection with 
Flavobacterium columnare, VETSV01. Pathogenesis of 0.2 mL Flavobacterium columnare, VETSV01 in the range of 102-108 mL-1 
fish-1 was injected into its intraperitoneal injection and intramuscular injection and suitable concentrations were screened to obtain for 
further experiment in a late restage. Based on data of minimal concentration, 50% mortality rate was caused and it was found the 
concentration of 108 mL-1 fish-1 caused 100% mortality rate and no lethal rate was found in other concentrations. Afterwards, efficacy 
of bio-floc sediment on survival rate of Tilapia infected with Flavobacterium columnare, VETSV01 was examined. Completely 
randomized design was employed and experiments were divided into 4 treatment: (1) control-commercial feed only, (2) commercial 
feed attached with dried bio-floc, (3) commercial feed attached with bio-floc and beta-glucan and (4) commercial feed attached with 
bio-floc and nucleotide. Experiment design was performed as 3 replicates with 10 fishes/replicates in 24 inch glass aquarium. Analysis 
of difference was performed and determination of mean differences of mortality rate and relative percent survival was done through 
Duncan’s Multiple Range Test (p < 0.05). Results and Discussions: It was demonstrated feeding tilapia with commercial feed in 
combination with dried bio-floc with or without supplementation of 2 immuno-stimulants could lead to 100% survival rate and 100% 
relative percent survival rate and it was statistically significant different (p < 0.05) compared to control group. Bio-floc product 
supplemented with beta glucan or nucleotide could effectively stimulate immunity against Flavobacterium columnare, VETSV01 and 
such high effective performance is viewed as a promising potential product to be further developed and practically employed for sake of 
aquaculture industry in the near future.  
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1. Introduction 

Currently, most aquaculture cultivation was 
developed into high density cultivation system in order 
to enhance productivity. However, its one main 
disadvantage of this system (high-density aquaculture 
system) was excessive amount of excreted waste was 
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released into aquatic animal pond and/or waste was 
formed due to excessive feeding. In even worse 
situations, in some aquatic animal pond, there is no 
certain system or mechanism to eliminate these 
excessive wastes and led to accumulation of 
above-mentioned wastes. It was discovered that there 
was a certain group of micro-organisms which had a 
distinct potential to help digest or eliminate waste or 
convert these waste into nutritious or useful 
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components called “bio-floc” or microbial bio-floc 
sediment [1]. In addition to use as a living converting to 
change waste into favorable feed for fish and other 
aquatic animals, it is likely that bio-floc or floc can 
potentially be used as a probiotic or biologically active 
supplementing substance for probiotic to stimulate 
aquatic animal immunity via this biotechnological 
development. Bio-floc systems have shown benefits 
e.g. its maintain nitrogenous waste below toxic levels 
[2] and also to provide special essential nutrients for 
growth performance [3-8], and also to provide extra 
immuno-stimulants for disease resistance of tilapia [9], 
and the other aquatic animal e.g. Pacific white shrimp 
[10, 11], rohu, Labeo rohita [12, 13]. Expected 
outcome of applying this technology is allowing 
bio-floc micro-organisms are more predominance over 
other undesirable organisms e.g. fish pathogen or toxin 
producing bacteria in aquatic environment along with 
effective improvements of digestive and absorptive 
intestinal of aquatic animals and hence leading to better 
health and reduction of immuno-stimulant importation 
[14]. This research aims to make use of zero exchange 
bio-floc base culture tank from aquatic animal raising 
by means of converting microbiological floc mass into 
immuno-stimulant for aquatic animals as one 
promising alternative application for aquatic animal 
health were supported. An objective of our research 
was to investigate efficacy of supplementation of 
beta-glucan and nucleotide as immumo-stimulants in 
dried bio-floc on mortality rate and relative percent 
survival of tilapia infected with Flavobacterium 
columnare,VETSV01. 

2. Materials and Methods  

2.1 Pathogenicity Test 

Flavobacterium columnare,VETSV01, a bacterial 
infection agent, kindly donated by Center for Research 
and Health Clinic for Aquatic Animals, Faculty of 
Veterinary Science, Rajamangala University of 
Technology Srivijaya, was suspended into 0.6% saline 
solution in test tube with different concentrations and 

different light absorbance at the wavelength of 540 nm. 
A 109 cells mL-1concentration brings an absorbance 
value of 0.08 (540 nm) via 7 ten-fold serial dilutions as 
follows: 102, 103, 104, 105, 106, 107 and 108 cells mL-1 

fish-1 respectively. Bacterial pathogenesis was 
examined through a method proposed by Evans [14] 
and brief procedures were presented. 7 respective 
concentrations (102, 103, 104, 105, 106, 107 and 108 mL-1 

fish-1 in 0.6% saline solution) were injected into 1-inch 
long fish intraperitoneal and intramuscular and 0.6% 
saline solution with definite amount of suspended 
infective agent was injected as a control without 
microbial agents. Pathogenicity test was carried out by 
injection into fish intraperitoneal and intramuscular 
(0.2 mL-1 fish-1, 10 fishes/ replicate) and feeding 
successive 17 days (7 days feeding experiment feed 
before being injected and 10 days feeding experiment 
feed after being injected).  

2.2 Effectiveness Test of Immuno-Stimulants in Dried 
Bio-Floc Sediment on Survival Rate of  Tilapia 
Infected with Flavobacterium columnare, VETSV01 

The experimental fish from healthy juveniles of 
tilapia, weighing 1 ± 0.45 inch long, were obtained 
from Freshwater Fisheries Research and Development 
Center, Nakorn si Thammarat, Department of Fishery, 
Thailand. A density is 10 fish per glass aquarium. The 
experiments were divided into 4 treatments and use 
Completely Randomized Design (CRD) as follows: 

Treatment 1: commercial feed only (control)  

Treatment 2: commercial feed supplemented with 
dried bio-floc sediment  

Treatment 3: commercial feed supplemented with 
dried bio-floc sediment and beta-glucan 
immuno-stimulants 

Treatment 4: commercial feed supplemented with 
dried bio-floc sediment and nucleotide 
immuno-stimulant.  

Triplicates (10 fish/replicates) were used of tilapia 
and were allocated into each glass aquarium. 
Percentage of daily feeding was based on 5% of its 
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body weight. Calculated feed was divided into 2 
equally meal with a proportion of commercial feed 
dried bio-floc sediment mixed with immuno- 
stimulants (beta-glucan and nucleotide) as 4:1. A 
proportion of immuno-stimulants: commercial feed, as 
0.5 g beta-glucan:1 kg feed and a proportion of 
nucleotide, 1.0 g : 1 kg feed.  

2.3 Statistical Analysis 

Data related to mortality rate and relative percent 
survival were calculated based on a method proposed 
by Ellis [15] as follows: Data related to mortality rate 
and relative percent survival were calculated ANOVA 
or analysis of variance and their mean differences were 
compared through Duncan’s new multiple range test 
(DMRT) at the confidence level of 95% (p < 0.05). 

Product efficiency is calculated by relative percent 
survival. Average fish mortality rate for a particular 
treatment as a method described by Ellis [15] uses the 
following equation:  

𝑅𝑃𝑆(%) =

1 − average �ish death rate when supplemented 
average �ish death rate when no supplement

 x 100 

RPS was statistically analyzed by ANOVA, CRD 
design, means comparison was made by Duncan’s new 
multiple range test (DMRT) at 95% confidence level  
(p < 0.05). 
 

3. Results  

Based on an investigation of pathogenesis of 
Flavobacterium columnare,VETSV01 by injection 

into intraperitoneal and intramuscular, it was 
demonstrated that no any concentrations of 
Flavobacterium columnare, VETSV01 caused more 
than 50% mortality rate in tilapia when injected into 
intramuscular tissue and only 108 cells/ mL-1 fish-1 

concentration caused mortality rate of 100% when 
injected into intraperitoneal. Therefore, a concentration 
of 108 cells mL-1 fish-1 was chosen as a suitable 
concentration for investigation in a later stage   
(Table 1). 

Based on an investigation of increased efficiency of 
dried bio-floc sediment supplemented with 
immuno-stimulant by determination of fish mortality 
rate and relative survival rate in tilapia injected with 
Flavobacterium columnare, VETSV01 as an infective 
agents, it was clearly demonstrated that Nile Tilapia 
fed by commercial feed alone or without any 
immuno-stimulant supplementation was dead at the 
rate of 93.33 ± 5.77% or with a relative survival rate of 
2.4 ± 2.07% as tilapia in other 3 treatments 
(commercial feed supplemented with dried bio-floc 
sediment, commercial feed supplemented with dried 
bio-floc sediment and and beta-glucan and commercial 
feed supplemented with dried bio-floc sediment and 
nucleotide) came up with 0% mortality rate or 100% 
relative survival rate at the 95% confidence level    
(p < 0.05) compared to control (Table 2). Therefore, a  

supplementation of dried bio-floc sediment or dried 
bio-floc sediment with immuno-stimulants as 
nucleotide or beta-glucan led to a complete survival of 
tilapia infected or challenged with Flavobacterium 
columnare,VETSV01.  

 

 
Table 1  Tilapia death rate injected with Flavobacterium columnare, VETSV01 at various concentrations through 
intraperitoneal and intramuscular.  

Bacteria strains 
Flavobacterium 
columnare,VETSV01 

Infective percentage of tilapia  
Intraperitoneal injection (cells/ mL-1 fish-1) Intramuscular injection (cells/ mL-1 fish-1) 

C 
0 

102 
0 

103 
0 

104 
0 

105 
0 

106 
0 

107 
0 

108 
0 

C 
0 

102 
5 

103 
15 

104 
20 

105 
25 

106 
25 

107 
25 

108 
100 
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Table 2  Effects of mortality rate and relative percent survival of tilapia infected with Flavobacterium columnare, VETSV01 
after final experiment. 
Treatment Mortality rate (%) RPS (%) 
Commercial feed (control) 93.33 ± 5.77a 2.4 ± 2.07a 
Commercial feed + dies bio-floc 0.00 ± 0.00b 100.00 ± 0.00b 
Commercial feed + dies bio-floc + Beta glucan  0.00 ± 0.00b 100.00 ± 0.00b 
Commercial feed + dies bio-floc + Nucleotide 0.00 ± 0.00b 100.00 ± 0.00b 

Note: a, b different letter indicates statistically significant difference (p < 0.05).  
 

4. Discussions 

Influences of bio-floc sediment on infective 
resistance against Streptococcus iniae in tilapia are due 
to the fact that the pathogen was a main cause to low 
growth rate or even death of tilapia. In his experiment, 
investigation was performed in 2 sets of 2 metric ton 
capacity ponds: one pond was without bio-floc 
sediment and the other pond was with bio-floc 
sediment as 2 ponds were air-circulated and their water 
was transferred periodically in order to remove excess 
sediment via their central pipe when necessary. Totally, 
200 tilapia were cultivated in each pond by supply 25% 
protein feed and 2% body weight (based on their 
weight) was fed. Afterwards, 50 tilapia were injected 
with 2 mL of 5 × 104 mL-1 fish-1 Streptococcus iniae 
and cultivated for 20 days. When it came close to the 
end of the experiment it was found that there was both 
direct and indirect infection in tilapia as direct infection 
occurred after 2-3 days of infection and resulted in fish 
death and indirect infection led to fish illness near the 
end of the experiment. At the end of the experiment, it 
was demonstrated that in bio-floc sediment equipped 
pond, there was death of 3 ± 1 tilapia and in no bio-floc 
sediment equipped, there was a death of 11 ± 5 [16]. 
Influence of juvenile tilapia raises with the assistance 
of bio-floc technology by looking into its effects on 
growth efficacy of juvenile tilapia and their health. Nile 
Tilapia fry was cultivated in with and without bio-floc 
equipped cultivation system to produce young Nile 
Tilapia by monitoring a proportion of carbon: nitrogen 
as 10:1 since the very early stage of the cultivation. It 
was found that, its survival rate was 90-98 % with 
bio-floc equipped system as a survival of 67-75% 

without bio-floc equipped system. Furthermore, in 
bio-floc system, size of adult tilapia was more uniform 
than without bio-floc system and when conducting test 
of infection against Streptococcus agalactiae, it was 
later found that tilapia with bio-floc system had the 
survival rate of 75-80% compared to merely 55% 
without bio-floc system. When compared in terms of 
infective resistance against bacteria, it increased up to 
70%. Additionally, from stress test due to salinity it 
was found that at 35 ppt salinity for 1 hour, a survival 
rate of Nile tilapia was 72% with bio-floc system 
compared to 42% without bio-floc system. When 
comparing its stress salinity in 1 and 24 hours at 35 ppt 
salinity, it was found that with bio-floc system, a 
survival rate was 72 and 42 in 1 and 24 hours and 
without bio-floc system, a survival rate was 33% and  
5% in 1 and 24 hours respectively. Based on 
information obtained by this research, it was clearly 
demonstrated that an application of bio-floc technology 
for tilapia fry for young fish production could greatly 
enhance quality of new bred fish and effectiveness of 
juvenile tilapia production [9].  

5. Conclusions 

This study indicated that supplementation of dries 
floc and Immuno-Stimulants, beta glucan or nucleotide 
together with commercial feed had a beneficial effect 
on survival rate and health status of tilapia which 
infected with Flavobacterium columnare VETSV01. 
The increasing of survival rate is able to suggest that 
the immune system could operate synergistically to 
improve the physiological performance of the tilapia 
for higher disease resistance against bacterial challenge. 
These results also indicated that dried bio-floc could be 
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practically used together with commercial feed as a 
viable. But supplementation in feed would be better, 
dependent upon the process method production of the 
bio-floc and the number of organic compounds and 
beneficial micro-organism. 
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