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Abstract. The aims of this study were to select probiotic candidates from the digestive tract of gouramy 
(Osphronemus goramy) and to evaluate their potency in improving the growth of tilapia (Oreochromis 
niloticus). Bacteria were isolated from the digestive tract of gouramy and were selected based on 
proteolytic, amylolytic and cellulolytic activity, sensitivity to antibiotics, resistance to pH 2.5 and 7.5, 
antagonistic activity, adhesion ability and pathogenicity test to the host. Further evaluation of probiotics 
ability in increasing the growth of tilapia had been conducted. The results showed that from 10 isolates 
obtained, only three isolates were qualified as probiotics (UG3, UG7 and UG8). These probiotic 
candidates had values of proteolytic index (0.41, 0.24 and 0.43), cellulolytic index (3.4, 4.0 and 3.5) and 
amylolytic index (0.58, 0.57 and 0.47). Those isolates were sensitive to ampicillin, tetracycline and 
chloramphenicol, had ability to survive at pH 2.5 and 7.5, and had antagonistic activity against 
Aeromonas hydrophila with the  inhibition zone range around 8-9 mm. These isolates could adhere on a 
stainless steel plate and were not pathogenic to the fish. In addition, these isolates significantly 
increased feed efficiency and daily growth rate of tilapia. 
Key Words: digestive enzymes, growth performance, feeding trial, isolates.  
 

 
Introduction. Aquaculture is known as one of food-producing sectors which can provide 
nutrients and safety food for humans. However, it is currently experiencing severe 
challenges such as the emergence of fish disease outbreaks and the high price of feed. 
The cost for feed in aquaculture business can reach more than 50% of total operational 
costs (Rana et al 2009). Therefore, some efforts are needed to improve the quality of 
feed, so the growth performance and feed efficiency of the farmed fish can be improved. 
One of efforts to solve this problem is by applying probiotics as the feed supplement. 
Probiotics are live microbes which give some beneficial effects to the host by stimulating 
the growth, improving digestibility and resistance to disease (Tuan et al 2013). The 
probiotic application in aquaculture, not only reduces the use of antibiotics, but also 
improves the growth performance of the farmed fish. Some studies reported that 
probiotics reduce the cost in aquaculture business by improving growth and feed fish 
efficiency (El-Dakar et al 2007; Mohapatra et al 2012; Noveirian & Nasrollahzadeh 2012). 
Moreover, probiotics also have a role as the source of nutrients, such as vitamins 
(Sánchez-Ortiz et al 2015) and amino acids, and play an important role in the nutrient 
decomposition process by providing digestive enzymes such as protease, amylase, lipase 
and cellulase (Maity et al 2011; Sahu et al 2008). 

 Probiotics are commonly presented in the digestive tract of healthy fish, so this 
part is commonly selected to be a site for the probiotic isolation. Some studies have 
shown that probiotics can be isolated from the digestive tract of fish such as gouramy - 
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Osphronemus goramy (Ghosh et al 2007), tilapia - Oreochromis niloticus (Lara-Flores & 
Olvera-Novoa 2013; Putra & Widanarni 2015), snakehead fish - Channa striatus (Allameh 
et al 2014), other freshwater fish (Catla catla, Labeo rohita, Cirrhinus mrigala and 
Cyprinus carpio) (Muthukumar & Kandeepan 2015), the digestive tract of shrimp - 
Litopenaeus vannamei (Widanarni et al 2015) and molluscs - Anadara tuberculosa 
(Sánchez-Ortiz et al 2015). The bacterial strains originated from the fish intestines are 
the potential probiotic candidates, because these bacteria have an ability to attach on 
intestinal wall and have adapted to the environmental condition in the intestines. These 
bacteria also used to compete with pathogenic bacteria to get nutrients. Liu et al (2016) 
stated that the feeding habit and the trophic level of fish is the factors influencing 
microbiota composition, which are alive in the fish digestive tract.  

 Gouramy (Osphronemus goramy) is a herbivorous fish which is commonly fed 
plants. Tanu et al (2012) reported that the enzymes activity in herbivorous fish 
dominated by the protease and cellulase activity. Based on this finding, the digestive 
tract of herbivorous fish is expected to be one of probiotic source sites. Some studies 
have reported that the beneficial effects of probiotics, not only occur in an origin host 
species of probiotic isolates, but also occur in other species, such as Bacillus sp. NP5 
isolated from the digestive tract of tilapia (Oreochromis niloticus) has been proven to 
have positive effects on the growth and health status of tilapia (Agung et al 2015; Putra 
& Widanarni 2015; Utami et al 2015; Widanarni & Tanbiyaskur 2015), catfish 
(Pangasianodon hypophthalmus) (Tamamdusturi et al 2016) and common carp (Cyprinus 
carpio) (Djauhari et al 2016). In the present study, the probiotic candidates were isolated 
from the digestive tract of gouramy (herbivorous fish) and were tested in tilapia 
(omnivorous fish). To get good probiotic candidates, the selected probiotics have to meet 
the following criteria which have to be considered in the probiotic selection process: able 
to colonize, able to live and multiply in the digestive tract of the host, able to produce 
extracellular digestive enzymes such as amylase, protease, lipase and cellulase (Pundir et 
al 2013), non pathogenic, able to compete with pathogenic bacteria (Verschuere et al 
2000) and sensitive to antibiotics (Loh et al 2014). This study aimed to get probiotic 
candidates from the digestive tract of gouramy and evaluate its potency to improve the 
growth of tilapia. 
 
Material and Method. This study was conducted in Research and Development Center 
of Freshwater Fisheries, Bogor, West Java, Indonesia. This study was performed through 
three steps, including isolation of probiotic candidates from digestive tract of gouramy, 
selection of probiotic candidates, and feeding trial using selected probiotic candidates on 
tilapia. Isolation of probiotic candidates from digestive tract of gouramy was held on May 
2012. Selection of probiotic candidates was held on July-September 2014. Feeding trial 
was held on January-February 2015.  
  
Isolation of probiotic from digestive tract of gouramy. Probiotic bacteria were 
isolated aseptically from the digestive tract of gouramy (which had an average weight of 
100 grams) obtained from private ponds in Tasikmalaya, West Java, Indonesia. One 
gram of the digestive tract was carefully taken from the abdomen of gouramy and was 
added to 0.85% NaCl solution (9 mL), it was crushed using a mortar and was serially 
diluted from 10-2 up to 10-8. Sample was spread onto the plate agar containing 1% 
Carboxy Methyl Cellulose (CMC) with the following composition (per 100 mL of medium): 
1.0 g CMC; 0.02 g MgSO4.7H2O; 0.075 g KNO3; 0.05 g K2HPO4; 0.002 g FeSO4.7H2O; 
0.004 g CaCl2.2H2O; 0.2 g yeast extract; 1.5 g bacto agar and 0.1 g  glucose, it was then 
incubated at 28°C for 24-48 hours. The grown bacterial colonies were purified by 
repeated streaking in the same medium to obtain a single colony.  
 
Selection of probiotic candidates 
  
Proteolytic, amylolytic and cellulolytic activity test. This analysis was conducted to 
measure the ability of bacteria to hydrolyze protein, carbohydrate and cellulose. Pure 
bacterial isolates were grown on the plate containing Tryptic Soy Agar (TSA) medium + 
2% skim milk for proteolytic activity test, TSA medium + 2% starch for amylolytic 
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activity test and TSA medium + 1% CMC for cellulolytic activity test. The plates were 
then incubated for 24-48 hours at 28oC. Protein hydrolysis was characterized by the 
formation of clear zone around bacterial colonies, while carbohydrate and cellulose 
hydrolysis were characterized by the formation of clear zone around bacterial colonies 
after added with 1% potassium iodide (KI) solution. Proteolytic, amylolytic and 
cellulolytic index were calculated as the difference between the clear zone diameter with 
the colony diameter, divided by the colony diameter (Lim et al 1987).  
 
Resistance to antibiotics test. The method used in this test referred to Pundir et al (2013) 
with several modifications. Antibiotics used were ampicillin, tetracycline and 
chloramphenicol in the form of paper disk. Standard concentrations of ampicillin was 10 
mg, while tetracyclin and chloramphenicol were 30 g. The test was conducted by 
spreading probiotic on the plate containing TSA medium. A paper disk containing each 
antibiotic was placed onto TSA medium and the plate was incubated for 24 hours at 
28°C. The inhibition zone diameter around the paper disc was then measured. 
 
Resistance to acid and alkali test. The aim of this test was to evaluate the ability of 
probiotic candidates to survive in the stomach that has a low pH and in the proximal 
intestine that contains bile salt that has an alkaline pH. One (1.0) mL bacterial 
suspension was inoculated into serial dilution tubes containing 9 mL sterile broth medium 
with pH 2.5 and pH 7.5, the samples were then incubated at 28°C. pH adjustment was 
done using 0.1 N HCl solution and NaOH 0.1 N solution. Observations were conducted on 
2, 4, 6, and 8 hours after inoculation and the number of bacteria was counted by spread 
plate technique (Madigan et al 2003). 
 
Antagonistic test. Antagonistic test referred to Kirby-Bauer method that has been 
modified, using Aeromonas hydrophila as a pathogenic bacteria (Madigan et al 2003). 
Each probiotic culture and A. hydrophila were incubated at 28°C for 24 hours, they were 
then diluted to 107 CFU mL-1. Probiotic culture was placed into micro tube, which has 
been filled with a 6 mm paper disk. The paper disk was then placed into the plate 
containing TSA medium + 0.1 mL of A. hydrophila, the plate was incubated at 28°C for 
24-48 hours. Physiological solution was used as a control or substitute for probiotic 
candidates. The inhibition activity was demonstrated by the existence of an inhibition 
zone around a paper disk. 
 
Adhesion test. Adhesion test was done using a 2 x 10 cm stainless steel plate. The test 
was performed by placing the plate into an Erlenmeyer flask containing 250 mL Tryptic 
Soy Broth (TSB), which has been inoculated with 1.0 mL bacterial culture, the sample 
was then incubated at 28°C for 24 hours. The density of biofilm was analyzed after 24 
hours by washing the plate using phosphate buffer solution. The plate was swabbed 
thoroughly, it was then placed in a test tube containing 10 mL phosphate buffer solution 
and was stirred for 1 minute. The density of bacteria in the liquid medium was measured 
by taking 1.0 mL culture suspension and it was diluted with 9 mL phosphate buffer 
solution. The bacteria on the swab and in the liquid medium was calculated through total 
plate count (TPC) using TSA medium, those were then incubated at 28°C for 24 hours 
(Dewanti & Wong 1995).  
 
Pathogenicity test. This test was conducted to know whether the probiotic bacteria 
candidates were pathogenic for the host or not. One (1.0) mL probiotic at a concentration 
of 108 CFU mL-1 previously cultured for 24 hours at 28°C, was injected via intramuscular 
route to tilapia (10±0.53 g). As a control, the healthy tilapia was injected with 1.0 mL 
phosphate buffer solution pH 7. Observations were conducted during two weeks in the 
aquarium (60 x 50 x 40 cm) with a stocking density of 10 fish per aquarium.  
 
Preparation of experimental feed. To study the effect of probiotic on the growth 
performance of tilapia obtained from Installation of Freshwater Fisheries Germplasm 
Research, Cijeruk, West Java, Indonesia, the feeding trial was conducted using four 
experimental feed group: one group was the control diet without probiotic and three 
groups were probiotic groups. The feed used was a commercial feed sized 1.3 mm (PF 
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1000 manufactured by CV. Matahari Sakti Indonesia). Each probiotic group was added 
with different bacteria (UG3, UG7 and UG8), which had previously cultured for 48 hours. 
One percent (1%) bacterial suspension with a density of 1011 CFU mL-1 was mixed with 
2% egg white, the mixture was then sprayed onto the feed using a syringe and was 
stirred until equally spread, 2% egg white was also added to the control feed without 
adding bacterial suspension (Wang 2007). 
 
Experimental design. The experimental design used was completely randomized design 
with four treatments and three replications. Tilapia fingerlings used (0.85±0.15 g) were 
randomly stocked in 12 aquariums (60 x 50 x 40 cm) at a density of 25 fish per 
aquarium. The fish were fed three times a day (08:00, 12:00 and 15:00 Western 
Indonesia Time) with a feeding rate of 5% (w w-1) of the total fish biomass for 40 days of 
feeding trial. Parameters measured were biomass (B; g), daily growth rate (DGR; %), 
feed efficiency (FE; %), protein efficiency ratio (PER; %), and survival rate (SR; %). 
These parameters are calculated by the following formula: 
 

Biomass (B; g) = final weight of biomass (g) - initial weight of biomass (g) 
 

Daily growth rate (DGR; %) = [ln (final body weight - initial body weight)/feeding trial 
duration] x 100 

 

Feed efficiency (FE; %) = [(weight of biomass + weight of dead fish during feeding trial) 
– initial weight of biomass)/feed intake during the feeding trial] x 100 

 

Protein Efficiency Ratio (PER; %) = body weight (g)/protein consumed (g) 
 

Survival rate (SR; %) = total number of fish alive in the end of feeding trial/total number 
of fish alive in the beginning of feeding trial x 100 

 
Statistical analysis. Data were tabulated and were statistically analyzed using SPSS 
20.0. Data collected from isolation and selection of probiotic candidates were described 
qualitatively and were analyzed by descriptive statistics. The data collected from feeding 
trial were analyzed by analysis of variance (ANOVA) and were continued by Duncan’s 
test. 

 
Results and Discussion 
 
Isolation of probiotic candidates. Isolation of probiotic candidates from the digestive 
tract of gouramy founded 10 isolates that have an ability to grow on 1% CMC agar 
medium (Table 1). Almost all of isolates have a round shape, white, milky white, cream 
and light brown, except UG5 (irregular shape) and UG10 (yellowish). 
 

Table 1  
The morphology of bacterial isolates isolated from the digestive tract of gouramy  

 
Isolate name Morphology 

UG1 Cream, round 
UG2 Cream, round, unjagged edges, flat 
UG3 Cream, big round, serrated edges, light brown, flat 
UG4 Light brown, big round, serrated edges, yellow nucleated 
UG5 Milky white, irregular, serrated edges, flat 
UG6 Cream, round, unjagged edges 
UG7 Light cream, round, unjagged edges 
UG8 White, round, smooth edges, flat 
UG9 White, small round, fibrous 
UG10 Yellow, fibrous 

 
There were 10 isolates grown on 1% CMC agar medium, but there were only 4 isolates, 
which had the highest proteolytic, amylolytic and cellulolytic index (UG3, UG6, UG7 and 
UG8). UG3, UG7 and UG8 had higher values of proteolytic index, while UG6 has the 
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lowest proteolytic index (Figure 1). UG7 and UG3 had the highest amylolytic index, while 
UG6 had the lowest amylolytic index (Figure 2). Cellulolytic index of UG7 was the 
highest, while the lowest were UG8 and UG3 (Figure 3)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Proteolytic index of UG3, UG6, UG7 and UG8 isolate isolated from the digestive tract of 
gouramy.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Amylolytic index of UG3, UG6, UG7 and UG8 isolate isolated from the digestive tract of 
gouramy.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Cellulolytic index of UG3, UG6, UG7 and UG8 isolate isolated from the digestive tract of 
gouramy.  
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The presence of clear zone on the proteolytic, amylolytic and cellulolytic test showed that 
UG3, UG6, UG7 and UG8 were able to degrade protein from skim milk, carbohydrate 
from starch and cellulose from CMC. The existence of extracellular enzymes, such as 
protease, amylase and cellulase, is a criteria that have to be had by probiotics to improve 
feed digestibility. The enzymes produced by probiotics play an important role in the 
degradation of various feed materials that are difficult to be digested by the fish. 
According to Balcázar et al (2006), the ability of probiotics to produce extracellular 
enzymes affects on the improvement of the host digestibility. Cellulolytic activity values 
of probiotic candidates isolated in this study were higher than their amylolytic and 
proteolytic activity, it indicated that the bacteria have a tendency as cellulolytic bacteria 
that can degrade cellulose. According to Ganguly & Prasad (2012), the fish 
gastrointestinal tract collects microbial populations (microflora) from aquatic environment 
(water or food). Probiotics in this study were isolated from the digestive tract of gouramy 
(herbivorous fish). This fish has a habit to eat plants that generally have a high fiber 
content. 
 
Antibiotic resistance. Based on antibiotic resistance test, UG3, UG6, UG7, and UG8 
showed negative results in antibiotic resistance (sensitive). This indicates that all isolates 
tested were not resistant to ampicilin, tetracycline and chloramphenicol (Table 2).  
 

Table 2  
Result of the bacterial resistance to antibiotics  

 
Antibiotic Isolate 

Ampicilin Tetracyclin Chloramphenicol 
UG3 - - - 
UG6 - - - 
UG7 - - - 
UG8 - - - 

Notes: - = sensitive to antibiotics; + = resistant to antibiotics.  
 
As a feed supplement, the safety of probiotics is needed, especially related to the 
resistance of probiotics to commercial antibiotics. Probiotics which are resistant to a 
particular antibiotic, are feared being able to transfer their genes to the pathogenic 
bacteria in the digestive tract of the fish (Loh et al 2014). This condition is harmful to the 
fish and humans consuming them. In this study, the probiotic candidates (UG3, UG6, 
UG7 and UG8) were sensitive to antibiotics, such as ampicillin, tetracycline and 
chloramphenicol. This occurred because the gouramy used for this study were obtained 
from traditional ponds that did not use drugs or antibiotics in the cultivation practice. 
 
Resistance to acid and alkali. The resistance of the isolates to gastric acid and bile salt 
is an analogue with the ability to survive in a broth medium with acidic and alkaline pHs. 
The result of the resistance of bacterial isolates to gastric acid and bile salt is presented 
in a percentage of log number of bacteria that are resistant to pH 2.5 and 7.5 (Figure 4).  

Each isolate had different response to acidic pH, but all isolates could survive in 
alkaline pH. After 8 hour of observation, all isolates were still alive, but their number 
tended to decrease. Based on the result, UG3 and UG8 had the highest resistance to pH 
2.5 followed by UG7, and UG6 which had the lowest values. In general, the isolates 
tested had high resistance to pH 7.5 (UG3, UG6, and UG8), while UG7 had lower 
resistance values than other isolates. 
 Based on the results of this study, UG3, UG6, UG7 and UG8 could survive in the 
acidic and alkaline condition. Tolerance to acidic and alkaline pH is an important criteria 
needed by probiotics to survive in the fish digestive tract. When enter the fish digestive 
tract, probiotics must pass the stomach with a high acid level and then they must be able 
to grow in the environment containing bile salt to survive in the fish digestive systems 
(Amraii et al 2014). Tolerance to bile salt is necessary for probiotics to colonize and carry 
out metabolic activity in the small intestine (Havenaar & Veld 1992). Resistance to acidic 



AACL Bioflux, 2016, Volume 9, Issue 5. 
http://www.bioflux.com.ro/aacl 1127 

and alkaline pH will help probiotics to reach the small intestine and colon and also 
contribute to the balance of microflora in the fish digestive tract (Tambekar & Bhutada 
2010). UG3, UG6, UG7, and UG8  were resistant to acidic and alkaline condition, because 
the initial environment of those isolates were the digestive tract of gouramy.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Percentage of log number of bacterial populations that were resistant to pH 2.5 and 7.5.  
 

Antagonistic activity. One of the important criteria in the probiotic selection process 
was the ability of probiotic candidate to suppress the growth of pathogenic bacteria in the 
digestive tract of the host. Antagonistic activity of isolates tested against pathogenic 
bacteria (A. hydrophila), showed that of the four bacteria tested had antagonistic activity 
and only UG6 did not have the ability to inhibit A. hydrophila (Table 3). Isolates with 
antagonistic activity had an inhibition zone around the colony with a diameter range of 8-
9 mm.  
 

Table 3  
Antagonistic activity of probiotic candidates against A. hydrophila  

 
Inhibition ability to A. hydrophila Isolate 

Inhibition zone Diameter (mm) 
UG3 + 8 
UG6 - - 
UG7 + 9 
UG8 + 8 

Notes: + = had antagonistic activity or showed inhibition zone; - = had no antagonistic activity or did not 
showed inhibition zone.  
 
UG3, UG7 and UG8 had antagonistic activity against pathogenic bacteria (A. hydrophila). 
This study is in line with the previous study by Pannu et al (2014) who states that 
commercial probiotics (Aquapro), Exide and Lactobacillus sporogenes can inhibit the 
growth of several pathogenic bacteria with an inhibition zone range between 0.667 to 
2.433 cm. Antagonistic activity of probiotics on pathogenic bacteria occurred, because 
probiotics are capable in producing antibacterial compounds, such as bacteriocins and 
organic acids (Dixit et al 2013). Bacteriocins are antimicrobial compounds consisting of 
proteins or polypeptides and are synthesized by bacteria. Bacteriocins generally work as 
anticompetitor compounds secreted by bacteria to compete other microbes in the natural 
environment and invade the complex and stable bacterial communities (Mantovani et al 
2011). Action mechanism of bacteriocins in inhibiting the growth of bacteria is by 
blocking the formation of cell wall and cell membrane pores of the target bacteria, so it 
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interferes the cell permeability and inhibits the activity of DNA and RNA (Güllüce et al 
2013). 
 
Adhesion test. The adhesion ability of probiotics is based on the ability of probiotic to 
form biofilm on a stainless steel plate. It is used as an approach to test the ability of 
isolate to adhere on the intestines. The result of adhesion test showed that the four 
isolates tested had the ability to adhere on the stainless steel plate (Figure 5), UG3 had 
the highest ability compared to other isolates.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The adhesion ability of UG3, UG6, UG7, and UG8.  
 
UG3, UG6, UG7 and UG8 had the adhesion ability on a stainless steel plate as an 
analogue of the digestive tract of the fish. The ability to adhere is essential for probiotics 
candidates, because this is a protective mechanism against pathogenic bacteria through 
the competition of attachment site and nutrient or the immune modulation (Ibrahem 
2015). The probiotics that are successfull to adhere in the mucosa of the gastrointestinal 
tract, will form colonies and prevent the pathogen community to grow in this location by 
blocking the interaction between the specific cells receptor or by inhibiting pathogens to 
adhere through the steric interaction (Sánchez-Ortiz et al 2015). According to Ige 
(2013), several types of probiotics were able to attach in the intestinal mucosa to inhibit 
infections caused by pathogenic bacteria. The study conducted by Vine et al (2006), 
using five types of probiotics and two types of pathogens for adhesion test in the 
intestinal mucus of the fish, discovered the existence of probiotics in the mucus 
preventing the adhesion of the test pathogens. 
 
Pathogenicity test. Based on the result of pathogenicity test, it was known that all 
bacterial isolates tested did not cause mortality on tilapia (Table 4). 
 

Table 4  
Result of pathogenicity test of probiotic candidates on tilapia for two weeks 

 
Pathogenicity test (two weeks) Isolate 

Alive fish Dead fish 
UG3 10 0 
UG6 10 0 
UG7 10 0 
UG8 10 0 

Control 9 1 
Note: the control fish died due to fungal infection.  
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One of important criterias for bacteria to be selected as probiotics, is not pathogenic or 
toxic to the host (Kesarcodi-Watson et al 2008). Probiotic candidates must be safe to be 
applied and do not harm to the fish health. Based on the pathogenicity test result, UG3, 
UG6, UG7 and UG8 did not cause infection or death in tilapia. 
 
Feeding trial. After going through a series of selection process to obtain probiotic 
candidates, there were three isolates that qualified as probiotic candidates, including 
UG3, UG7 and UG8. Those isolates were then tested for their ability to improve the 
growth of tilapia. Based on the results, the fish fed probiotic candidates showed the 
better growth performance than control. FE and DGR of the fish fed UG3, UG7 and UG8 
were higher than the fish fed the control feed (p < 0.05). PER on UG3 and UG8 were 
significantly higher than control (p < 0.05), while that on UG7 was not significantly 
different from control (p > 0.05). SR of the fish fed probiotic candidates was not 
significantly different from control (p > 0.05) (Table 5). 
 

Table 5  
Growth performance of tilapia fed the feed containing UG3, UG7 and UG8 

 
Treatment Parameter 

UG3 UG7 UG8 Control 
Biomass (g) 117.83±3.67b 115.60±2.65ab 115.50±6.12ab 111.37 ±0.81a 

DGR (%) 3.69±0.06b 3.62±0.04b 3.67±0.10b 3.55±0.01a 
FE (%) 89.83±2.36b 89.82±1.59b 88.92±4.22b 86.82±0.50a 

PER 1.48±0.05b 1.45±0.01ab 1.49±0.03b 1.40±0.03a 
SR (%) 100±0.00a 100±0.00a 100±0.00a 100±0.00a 

DGR = Daily Growth Rate; FE = Feed Efficiency; PER = Protein Efficiency Ratio; SR = Survival Rate; different 
superscript letters in the same row indicate significant different results (p < 0.05); the values shown in the 
table are mean and standard deviation.  
 
Based on the feeding trial results, the addition of UG3, UG7 and UG8 into the feed 
significantly affected on the increase of DGR and FE of tilapia compared to control. These 
results are consistent with the study by Putra & Widanarni (2015), probiotic in tilapia can 
improve feed efficiency and specific growth rate. Maity et al (2011) also reported that 
Bacillus subtilis and B. licheniformis could increase the growth rate, nutrient digestibility, 
digestive enzyme activity and microbial populations in the gastrointestinal tract of 
barramundi fingerlings (Lates calcarifer). Sánchez-Ortiz et al (2015) reported that the 
probiotic isolated from blood clams (A. tuberculosa) could improve growth performance 
and immunity of white shrimp (L. vannamei). According to Widanarni et al (2015), 
probiotics isolated from white shrimp could promote growth, protein digestibility and 
protein retention of white shrimp. Probiotics that enter the fish stomach, will attach to 
intestines and use large amounts of carbohydrates for growth and the production of 
digestive enzymes, so they will increase the digestibility of organic matters and protein. 
According to Lara-Flores & Olvera-Novoa (2013), an increase in fish growth performance 
may occur due to the balance of microflora in the gastrointestinal tract leading to the 
increase of the feed absorption quality and digestive enzymes, such as amylase, 
protease, lipase and cellulase. This will result in more nutrients that will converted  into 
basal energy for growth. The presence of enzymes secreted by the probiotic will also 
prevent damage in the intestines and stimulates the predigest of secondary compounds 
in plant-based raw materials. According to Hemaiswarya et al (2013), probiotic can 
improve the fish growth through stimulation of appetite and increase the nutritional value 
by producing vitamins, detoxification compounds in the feed and simplifying those 
compounds, so they will be easier to be digested. 
 
Conclusions. From 10 bacterial isolates isolated from the digestive tract of gouramy, 
there were three isolates that were qualified as probiotics (UG3, UG7 and UG8). These 
isolates had proteolytic, amylolytic and cellulolytic activity, were not pathogenic to tilapia, 
could survive at pH 2.5 and 7.5, had adhesion ability, were sensitive to ampicillin, 
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tetracycline and chloramphenicol and also had antagonistic activity against A. hydrophila. 
Application of UG3, UG7 and UG8 through the feed, increased feed efficiency and daily 
growth rate of tilapia. 
 
References 
 
Agung L. A., Widanarni, Yuhana M., 2015 Application of micro-encapsulated probiotic 

Bacillus NP5 and prebiotic mannan oligosaccharide (MOS) to prevent streptococcosis 
on tilapia Oreochromis niloticus. Research Journal of Microbiology 10(12):571-581. 

Allameh S. K., Ringø E., Yusoff F. M., Daud H. M., Ideris A., 2014 Properties of 
Enterococcus faecalis, a new probiotic bacterium isolated from the intestine of 
snakehead fish (Channa striatus Bloch). African Journal of Microbiology Research 
8(22):2215-2222. 

Amraii H. N., Abtahi H., Jafari P., Mohajerani H. R., Fakhroleslam M. R., Akbari N., 2014 
In vitro study of potentially probiotic lactic acid bacteria strains isolated from 
traditional dairy products. Jundishapur Journal of Microbiology 7(6):e10168.  

Balcázar J. L., de Blas I., Ruiz-Zarzuela I., Cunningham D., Vendrell D., Múzquiz J. L., 
2006 The role of probiotics in aquaculture. Veterinary Microbiology 114(3-4):173-
186. 

Dewanti R., Wong A. C. L., 1995 Influence of culture conditions on biofilm formation by 
Escherichia coli O157:H7. International Journal of Food Microbiology 26(2):147-164. 

Dixit G., Samarth D., Tale V., Bhadekar R., 2013 Comparative studies on potential 
probiotic characteristics of Lactobacillus acidophilus strains. EurAsian Journal of 
BioSciences 7:1-9. 

Djauhari R., Widanarni, Sukenda, Suprayudi M. A., Zairin Jr. M., 2016 Characterization of 
Bacillus sp. NP5 and its application as probiotic for common carp (Cyprinus carpio). 
Research Journal of Microbiology 11(4-5):101-111.  

El-Dakar A. Y., Shalaby S. M., Saoud I. P., 2007 Assessing the use of a dietary 
probiotic/prebiotic as an enhancer of spinefoot rabbitfish Siganus rivulatus survival 
and growth. Aquaculture Nutrition 13(6):407-412. 

Ganguly S., Prasad A., 2012 Microflora in fish digestive tract plays significant role in 
digestion and metabolism. Reviews in Fish Biology and Fisheries 22(1):11-16. 

Ghosh S., Sinha A., Sahu C., 2007 Isolation of putative probionts from the intestines of 
Indian major carps. The Israeli Journal of Aquaculture – Bamidgeh 59(3):127-132. 

Güllüce M., Karadayi M., Bariş Ö, 2013 Bacteriocins: promising natural antimicrobials. In: 
Microbial pathogens and strategies for combating them: science, technology and 
education. Méndez-Vilas A. (ed), FORMATEX, Badajoz, pp. 1016-1027. 

Havenaar R., Veld J. H. J. H. I., 1992 Probiotics: a general view. In: The lactic acid 
bacteria, volume 1. Wood B. B. (ed), Chapman & Hall, New York, pp. 151-170.  

Hemaiswarya S., Raja R., Ravikumar R., Carvalho I. S., 2013 Mechanism of action of 
probiotics. Brazilian Archives of Biology and Technology 56(1):113-119.  

Ibrahem M. D., 2015 Evolution of probiotics in aquatic world: potential effects, the 
current status in Egypt and recent prospectives. Journal of Advanced Research 
6(6):765-791.  

Ige B. A., 2013 Probiotics use in intensive fish farming. African Journal of Microbiology 
Research 7(22):2701-2711.  

Kesarcodi-Watson A., Kaspar H., Lategan M. J., Gibson L., 2008 Probiotics in 
aquaculture: the need, principles and mechanisms of action and screening 
processes. Aquaculture 274(1):1-14.  

Lara-Flores M., Olvera-Novoa M. A., 2013 The use of lactic acid bacteria isolated from 
intestinal tract of Nile tilapia (Oreochromis niloticus), as growth promoters in fish 
fed low protein diets. Latin American Journal of Aquatic Research 41(3):490-497.  

Lim G., Tan T. K., Rahim N. A., 1987 Variations in amylase and protease activities among 
Rhizopus isolates. MIRCEN Journal of Applied Microbiology and Biotechnology 
3(3):319-322.  



AACL Bioflux, 2016, Volume 9, Issue 5. 
http://www.bioflux.com.ro/aacl 1131 

Liu H., Guo X., Gooneratne R., Lai R., Zeng C., Zhan F., Wang W., 2016 The gut 
microbiome and degradation enzyme activity of wild freshwater fishes influenced by 
their trophic levels. Scientific Reports 6:24340.  

Loh J. Y., Lim Y. Y., Harmin S. A., Ting A. S. Y., 2014 In vitro assessment on intestinal 
microflora from commonly farmed fishes for control of the fish pathogen 
Edwardsiella tarda. Turkish Journal of Veterinary and Animal Sciences 38(3):257-
263.  

Madigan T. M., Martinko M. J., Parker J., 2003 Brock biology of microorganisms. 10th Edn. 
Prentice Hall/Pearson Education, New Jersey, 1096 pp.  

Maity J., Kundu J., Pramanik A., Patra B. C., 2011 Effect of cellulolytic gut bacteria as a 
feed supplement on the growth performance and nutrient digestibility of Asian 
seabass (Lates calcarifer). International Journal of Aquatic Science 2(1):3-15.  

Mantovani H. C., Cruz A. M. O., Paiva A. D., 2011 Bacteriocin activity and resistance in 
livestock pathogens. In: Science against microbial pathogens: communicating 
current research and technological advances. Méndez-Vilas A. (ed), FORMATEX, 
Badajoz, pp. 853-863.  

Mohapatra S., Chakraborty T., Prusty A. K., Das P., Paniprasad K., Mohanta K. N., 2012 
Use of different microbial probiotics in the diet of rohu, Labeo rohita fingerlings: 
effects on growth, nutrient digestibility and retention, digestive enzyme activities 
and intestinal microflora. Aquaculture Nutrition 18(1):1-11.  

Muthukumar P., Kandeepan C., 2015 Isolation, identification and characterization of 
probiotic organisms from intestine of fresh water fishes. International Journal of 
Current Microbiology and Applied Sciences 4(3):607-616.   

Noveirian H. A., Nasrollahzadeh A., 2012 The effects of different levels of biogen probiotic 
additives on growth indices and body composition of juvenile common carp 
(Cyprinus carpio L.). Caspian Journal of Environmental Sciences 10(1):115-121.  

Pannu R., Dahiya S., Sabhlok V. P., Kumar D., Sarsar V., Gahlawat S. K., 2014 Effect of 
probiotics, antibiotics and herbal extracts against fish bacterial pathogens. 
Ecotoxicology and Environmental Contamination 9(1):13-20.  

Pundir R. K., Rana S., Kashyap N., Kaur A., 2013 Probiotic potential of lactic acid bacteria 
isolated from food samples: an in vitro study. Journal of Applied Pharmaceutical 
Science 3(3):85-93.  

Putra A. N., Widanarni, 2015 Screening of amylolytic bacteria as candidates of probiotics 
in tilapia (Oreochromis sp.). Research Journal of Microbology 10(1):1-13.  

Rana K. J., Siriwardena S., Hasan M. R., 2009 Impact of rising feed ingredient prices on 
aquafeeds and aquaculture production. FAO Fisheries and Aquaculture Technical 
Paper, No. 541, FAO, Rome, 63 pp.  

Sahu M. K., Swarnakumar N. S., Sivakumar K., Thangaradjou T., Kannan L., 2008 
Probiotics in aquaculture: importance and future perspectives. Indian Journal of 
Microbiology 48(3):299-308.  

Sánchez-Ortiz A. C., Luna-Gonzáles A., Campa-Córdova Á. I., Escamilla-Montes R., 
Flores-Miranda M. C., Mazón-Suástegui J. M., 2015 Isolation and characterization of 
potential probiotic bacteria from pustulose ark (Anadara tuberculosa) suitable for 
shrimp farming. Latin American Journal of Aquatic Research 43(1):123-136.  

Tamamdusturi R., Widanarni, Yuhana M., 2016 Administration of microencapsulated 
probiotic Bacillus sp. NP5 and prebiotic mannan oligosaccharide for prevention of 
Aeromonas hydrophila infection on Pangasianodon hypophthalmus. Journal of 
Fisheries and Aquatic Science 11(1):67-76.  

Tambekar D. H., Bhutada S. A., 2010 An evaluation of probiotic potential of Lactobacillus 
sp. from milk of domestic animals and commercial available probiotic preparations 
in prevention of enteric bacterial infections. Recent Research in Science and 
Technology 2(10):82-88.  

Tanu, Deobagkar D. D., Khandeparker R., Sreepada R. A., Sanaye S. V., Pawar H. B., 
2012 A study on bacteria associated with the intestinal tract of farmed yellow 
seahorse, Hippocampus kuda (Bleeker, 1852): characterization and extracellular 
enzymes. Aquaculture Research 43(3):386-394.  



AACL Bioflux, 2016, Volume 9, Issue 5. 
http://www.bioflux.com.ro/aacl 1132 

Tuan T. N., Duc P. M., Hatai K., 2013 Overview of the use of probiotics in aquaculture. 
International Journal of Research in Fisheries and Aquaculture 3(3):89-97.  

Utami D. A. S., Widanarni, Suprayudi M. A., 2015 Quality of dried Bacillus NP5 and its 
effect on growth performance of tilapia (Oreochromis niloticus). Pakistan Journal of 
Biological Sciences 18(2):88-93.  

Verschuere L., Rombaut G., Sorgeloos P., Verstraete W., 2000 Probiotic bacteria as 
biological control agents in aquaculture. Microbiology and Molecular Biology Reviews 
64(4):655-671.  

Vine N. G., Leukes W. D., Kaiser H., 2006 Probiotics in marine larviculture. FEMS 
Microbiology Reviews 30(3):404-427.  

Wang Y., 2007 Effect of probiotics on growth performance and digestive enzyme activity 
of the shrimp Penaeus vannamei. Aquaculture 269(1-4):259-264.  

Widanarni, Tanbiyaskur, 2015 Application of probiotic, prebiotic and synbiotic for the 
control of streptococcosis in tilapia Oreochromis niloticus. Pakistan Journal of 
Biological Sciences 18(2):59-66.  

Widanarni, Nopitawati T., Jusadi D., 2015 Screening of probiotic bacteria candidates from 
gastrointestinal tract of Pacific white shrimp Litopenaeus vannamei and their effects 
on the growth performances. Research Journal of Microbiology 10(4):145-157.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Received: 29 August 2016. Accepted: 08 October 2016. Published online: 26 October 2016. 
Authors: 
Mulyasari, Study Program of Aquaculture, Graduate School, Bogor Agricultural University, Dramaga Campus, 
Bogor 16680, West Java, Indonesia, e-mail: mulyasari_bogor@yahoo.co.id  
Widanarni, Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural University, 
Jalan Agathis, Dramaga Campus, Bogor 16680, Bogor, West Java, Indonesia, e-mail: widanarni@yahoo.com  
Muhammad Agus Suprayudi, Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor 
Agricultural University, Jalan Agathis, Dramaga Campus, Bogor 16680, West Java, Indonesia, e-mail: 
agus.suprayudi@yahoo.com  
Muhammad Zairin Jr., Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural 
University, Jalan Agathis, Dramaga Campus, Bogor 16680, West Java, Indonesia, e-mail: zairinmz@live.com  
Mas Tri Djoko Sunarno, Research and Development Center of Freshwater Fisheries, Jalan Sempur No. 1, Bogor 
16154, West Java, Indonesia, e-mail: mastrimm@yahoo.co.id  
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Mulyasari, Widanarni, Suprayudi M. A., Zairin Jr. M., Sunarno M. T. D., 2016 Screening of probiotics from the 
digestive tract of gouramy (Osphronemus goramy) and their potency to enhance the growth of tilapia 
(Oreochromis niloticus). AACL Bioflux 9(5):1121-1132.  
 


