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ABSTRACT 
 

This study aimed to examine the effects of adding synbiotics to feed on Nile tilapia (Oreochromis niloticus) feed conversion 
efficiency, growth, and innate immune response. Commercial feed was supplemented with 1% prebiotic (banana flour) 
and the candidate probiotic bacterium Bacillus subtilis at doses of zero (control, A); 1x105CFU/mL (B); 1x107CFU/mL 
(C); and 1x109CFU/mL (D). After eight weeks of feeding the Feed Conversation Ratio (FCR), Weight Gain (WG) and 
Specific Grow Rate (SGR) were calculated. Biochemical parameters (total erythrocytes, leukocytes, and hematocrit levels) 
and phagocytic activity were measured from blood samples taken at the end of the experimental period. WG (2.33-3.49g), 
SGR (1.29-1.61% per day) and FCR (1.05-1.17) did not differ significantly (P>0.05) between treatments. Hematocrit and 
erythrocyte levels were highest under the control treatment (without probiotics). Hemoglobin (Hb) was highest under 
treatment B (7.76mg/mL) on day 35; Mean Corpuscular Volume (MCV) (229.35µm3) and Mean Corpuscular Hemoglobin 
(MCH) (56.12pg) were highest on day 28, while Mean Corpuscular Hemoglobin Concentration (MCHC) increased over 
the observation period. The phagocytic index increased under probiotic-enriched feed treatments, indicating that these 
probiotics could improve leukocyte performance with respect to the phagocytosis of incoming antigens. 
 

Key words: Bacillus subtilis., Growth, Synbiotic, Tilapia 

 

INTRODUCTION 

 

The Nile tilapia (Oreochromis niloticus) is a 

freshwater food fish favored by many consumers in 

Indonesia with good domestic and overseas market 

prospects (Ibrahem et al. 2010; Huicab-Pech et al. 2017; 

Abadi et al. 2020). Market demand has been a driving force 

for the increase in tilapia aquaculture production which, in 

turn, has increased the volume of feed required by fish 

farmers (Moura et al. 2016). The price of feed is relatively 

high due to the high protein content required, and the 

decreasing availability of quality raw materials (Kok et al. 

2020). Therefore, to meet the protein needs of increased 

fish production, feed efficiency needs to be optimized.
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Feed efficiency can be increased by adding enzyme-
producing probiotics to the feed so that it is easier to digest; 
these enzymes can be effective in increasing growth 
performance (Afrilasari and Meryandini 2016; Tan et al. 
2019; Assan et al. 2022). The activity of the probiotic 
bacteria contained in the feed improves feed digestibility so 
that the fish can absorb and convert into growth a higher 
proportion of the nutrients in the feed (Wedemeyer 1996; 
Widanarni et al. 2014). 

Several studies have found that probiotics can play 
beneficial roles; for example, they can help to improve 
growth performance, disease resistance, immune response, 
gut microbiome composition, and water quality (Dawood et 
al. 2019; Moustafa et al. 2021; El-Saadony et al. 2021). 
Probiotics are live microbes that, when administered 
appropriately, can have a positive effect on the health of the 
host and improve the balance of the micro-organism 
community (microbiome) in the digestive tract (Merrifield et 
al. 2010; Nayak 2010; Jha et al. 2020). However, one 
weakness limiting the application of probiotics is the varied 
ability of potentially beneficial probiotic bacteria to survive, 
colonize, and compete for nutrients in the host gut (Uttamrao 
2021; Monica and Jayaraj 2021). One approach to overcome 
this limitation is to use prebiotics, which contain plant fiber 
that can serve as food for beneficial bacteria such as those 
used as probiotics (Khare et al. 2018). 

Synbiotic feeds combine probiotic and prebiotic 
additives to improve feed quality, feed conversion 
efficiency, fish growth and survival, and the population of 
lactic acid bacteria in fish guts (Akrami and Arab Arkadeh 
2016; Pangaribuan et al. 2017). Pangaribuan et al. (2017) 
further stated that the addition of synbiotics in Nile tilapia 
(O. niloticus) feed could increase feed efficiency by 
55.46%, protein digestibility by 82.41%, specific growth 
rate by 4.18%, and increase survival rates. The purpose of 
this study was to evaluate the effects of adding a synbiotic 
(banana flour as the prebiotic and the bacterium Bacillus 
subtilis as the candidate probiotic) to Nile tilapia 
(Oreochromis niloticus) feed, in terms of feed conversion 
efficiency, growth, and immune system response. 
 

MATERIALS AND METHODS 
 

Ethical Approval Statements 
This in-vivo study was carried out in faithful 

agreement with the ethical guidelines of the ethical 
principles of the Experimental Health and Animal Welfare 
Ethics Committee of the Faculty of Medicine, Hasanuddin 
University. The protocol was approved by the Committee 
on Research Ethics of the Department of Health and 
Animals Ethics. Furthermore, efforts were made at all 
stages to minimize the suffering and pain that could be 
experienced by the experimental fish.  
 

Experimental Fish 
Saline Nile tilapia Oreochromis niloticus with an 

initial weight of ±1g was obtained from the Takalar 
Brackish Water Aquaculture Centre (N=500) and 
acclimatized for one week before being released into 500L 
fiberglass tanks.  
 

Feed Preparation 

The commercial feed used was MS Prima Feed PF 

1000 with 39-41% protein content (Table 1). The feed was  

then enriched by spraying with the candidate probiotic 

bacteria Bacillus subtilis at doses of 1 x 105CFU/mL, 1 x 

107CFU/mL, and 1 x 109CFU/mL mixed with 1% prebiotic 

(banana flour). There were three replicates for each 

treatment and for the control. 

 

Experimental Design 

The experimental fish were reared for 30 days in 

aquaria measuring 50×30×30cm at a density of 20 fish per 

aquarium (experimental unit). There were four 

treatments: control (A) with no added probiotic, and 

synbiotic feed enriched with probiotic at three doses: 1 x 

105CFU/mL (B), 1 x 107CFU/mL (C) and 1 x 109CFU/mL 

(D) with three replicates of each treatment (12 

experimental units). The fish were fed 3 times a day with 

the appropriate feed for each treatment at 08:00, 03:00, 

and 18:00 WITA, following Hossain et al. (2001). Water 

quality parameters (temperature, dissolved oxygen, and 

ammonia concentration) were monitored daily during this 

research (Table 2). The average water temperature was 

maintained within the range of 29-32°C, within the 

appropriate range (24-32°C) according to El-Sayed and 

Kawanna, 2008). The mean dissolved oxygen level was 

7.8±0.5mg/L, within the appropriate range for warmwater 

aquaculture according to Boyd (1979). Ammonia 

concentration was 0.008±0.2 mg/L, within the appropriate 

range according to Gross et al. (1999).  

 

Tilapia Growth Performance 

Growth performance was evaluated after an 

experimental period of eight weeks. The final body weight 

(BW) and number of fish in each experimental unit were 

recorded after fasting the fish for 24 hours. Feed 

Conversation Ratio (FCR), Weight Gain (WG), and 

Specific Growth Rate (SGR) for each experimental unit 

were calculated according to the following formulae, with 

all weights in grams (g): 
 

FCR = (Total weight of experimental fish at the end of the 

study – Total weight of experimental fish at the beginning 

of the study) /Amount of feed consumed during the study 

period (Tacon 1987). 

WG (%) = 100 × (Total weight of experimental fish at the 

end of the study – Total weight of experimental fish at the 

beginning of the study / Total weight of experimental fish 

at the beginning of the study 

SGR (%BW/Day) = 100 x (Ln (Total weight of 

experimental fish at the end of the study)–Ln (Total weight 

of test animals at the beginning of the study))/ rearing 

period (in days). 
 

Hematological and Immunological Analysis 

Hematology parameters were measured by collecting 

blood samples at the end of the rearing period to determine 

the total erythrocyte and leukocyte counts (Blaxhall and 

Daisley 1973), the hematocrit count, and phagocytic 

activity levels for immunological analysis (Anderson and 

Siwicki 1993). Phagocytic activity levels were measured 

on day 15 and day 30. Three fish from each treatment were 

selected at random and anesthetized in MS-222 solution 

(50mg/L) before the 0.5mL blood samples were taken. 

Blood  was  collected  in  EDTA  anti-coagulant vials. The 

1

1

2

2

2

4

5

7

20

22

23

25

26

30

35

38

42

Page 8 of 15 - Integrity Submission Submission ID trn:oid:::3618:96684734

Page 8 of 15 - Integrity Submission Submission ID trn:oid:::3618:96684734



Int J Vet Sci, 2024, 13(3): 291-299. 
 

 293 

Table 1: Dietary formulation and proximate composition of the 

commercial feed used as a base for the synbiotic feed trials (%) 

Ingredient % by weight 

Fish meal 40 

Prawn head flour 8 

Soybean meal 15 

Coconut flour 5 

Wheat gluten 22 

Maize gluten 8 

Vitamin premix 1.5 

Carboxymethyl cellulose (CMC) 0.5 

Proximate composition % (dry matter basis) 

Crude protein  26.09 

Crude fiber 7.48 

Crude lipid 4.25 

Water content 8.63 

Ash content 7.31 

 
blood samples so collected were processed for the study of 

various hematological parameters following Hesser (1960). 

Hemoglobin (Hb), Mean Corpuscular Volume (MCV), 

Mean Corpuscular Hemoglobin (MCH) and Mean 

Corpuscular Hemoglobin Concentration (MCHC) were 

measured in the laboratory following the Association of 

Official Analytical Chemists (AOAC) Official Methods of 

Analysis℠ (OMA) standards (Orun et al. 2003). 

 

Challenge Test 

A challenge test was conducted on the saline tilapia on 

day 31. The experimental fish were injected 

intramuscularly with a suspension of the pathogenic 

bacteria Aeromonas hydrophila at a concentration of 1 x 

106 CFU/mL and a dose of 0.1mL per fish using a sterile 

syringe following Rahmi et al. (2021). The treated fish in 

the negative control were transferred to another pond with 

the same water conditions and injected with 0.1mL 

Phosphate Buffered Saline (PBS) solution. The saline 

tilapia was then reared for ten days and given standard 

commercial feed at a frequency of 3 times/day. Growth 

performance was observed daily. 

 

Statistical Analysis 

Results were tabulated and expressed as mean±SD. 

Statistical analyses were implemented in SPSS (version 

20.0). The data were analyzed using One-Way Analysis of 

Variance (ANOVA), followed by the post-hoc Tukey test 

when significant between-treatment differences were 

found. The significance of between-treatment differences 

was evaluated at the 95% confidence level (α=0.05). 

 

RESULTS AND DISCUSSION 

 
Tilapia Growth Performance 

Growth performance of tilapia (O. niloticus) based on 

weight gain (WG), specific growth rate (SGR) and feed 

conversion rate (FCR) (Fig. 1) did not differ significantly 

(P>0.05) between treatments. Weight gain (WG) ranged 

from 2.33-3.49g, SGR ranged from 1.29-1.61% BW/day 

and FCR ranged from 1.05-1.17. 

Probiotics can improve digestion by stimulating the 

production of enzymes to increase growth performance 

(Walker and Lim 2011). Synbiotics is a term that refers to 

nutritional supplements that combine probiotics and 

prebiotics in a synergistic form (Widanarni et al. 2022). 

Some studies report that feed enrichment can increase the 

growth rate of tilapia (O. niloticus) (Aly et al. 2008; Samir 

et al. 2017), including through combined probiotic and 

prebiotic enrichment formulations. Other studies (He et al. 

2013) have also found that the addition of different 

probiotics to feed did not significantly affect tilapia growth 

performance. However, despite the lack of statistical 

significance, treatment B (B. subtilis at 105 CFU/mL) gave 

better growth performance than the other treatments in 

terms of WG (3.49±1.04 g) and SGR (1.38±0.000%). This 

indicates that synbiotic feed enriched in this way could 

increase the synergism between probiotics and prebiotics, 

improving digestive tract function. 

 

Hematological and Immunological Parameters 

Mean hematocrit, erythrocyte, and leukocyte counts 

differed significantly between treatments (Fig. 2). Tilapia 

hematocrit count was highest in the control treatment 

without the addition of probiotics (A), followed by the 

treatment with the highest density of probiotic bacteria (D), 

and lowest for the treatment with the lowest density of 

probiotic candidate bacteria (B) (Fig. 2a). The erythrocyte 

count was also highest in control treatment A, followed by 

the intermediate probiotic density treatment (C) and lowest 

in treatment B (Fig. 2b). Conversely, the leukocyte count 

was highest in treatment B, followed by treatment D and 

lowest in the control treatment A (Fig. 2c). 

The Hb, MCV, MCH and MCHC test results also 

varied between treatments (Fig. 3). All parameters were the 

highest on average under treatment B, although the peak 

levels occurred at different times. Hb concentration was 

highest in treatment B (7.76mg/mL) on day 35, the MCV 

(229.35µm3) and MCH (56.12pg) peaked on day 28, and 

the MCHC increased with observation time. 

Mean phagocytic activity (Fig. 3) varied between 

treatments after 15 days of rearing (A 75.25%, B 89.75%, 

C 84.2%, and D 81.75%) and 30 days of rearing (A 

72.58%, B 99.5%, C 87.5% and D 87.5%). However, 

within-treatment variation was also quite high, so the 

differences were not significant. with quite variable values 

during sampling.  

Blood hematology parameters are one group of 

physiological biomarkers that can be used to evaluate fish 

health (Dossou et al. 2019). Parameters related to red blood 

cell volume measurement are hematocrit and erythrocyte 

counts. The hematocrit count represents the percentage 

volume of red blood cells in the blood. Hematocrit typically 

accounts for 20-30% of red blood cells in teleost fish (Boyd 

1979) and a decrease in blood hematocrit is an indicator of 

 
Table 2: Nile tilapia rearing media water quality parameter ranges during the study period  

Parameter Range by Treatment Tolerance Range References 

A B C D 

Temperature (°C) 29-32 29-32 29-32 29-31 24-32 El-Sayed and Kawanna (2008) 

DO (ppm) 6.4-7.8 6.7-7.9 6.7-7.9 6.7-7.8 6.1-9.5 Boyd et al. (1979) 

Ammonia (ppm) 0.008-0.012 0.008-0.013 0.009-0.013 0.009-0.013 <0.02 Gross et al. (1999) 
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Fig. 1: Growth performance of 

O. niloticus over a rearing 

period of 8 weeks (n=3*): (a) 

Weight gain (WG); (b) Specific 

growth rate (SGR); and (c) 

Feed conversion ratio (FCR) 

under four treatments. 

A=control; B=1 x 105CFU/mL 

probiotic; C=1 x 107CFU/mL 

probiotic; and D=1 x 

109CFU/mL probiotic. *The 

n=3 refers to the number of 

replicate units, each with 6 fish 

and each with a mean value. 

This mean is therefore the sum 

of mean of 3x6=18 fish. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Tilapia hematocrit (a), 

erythrocyte (b) and leukocyte 

(c) counts (mean±SD) after 

eight weeks of rearing under 

four probiotic enrichment 

treatments: control (A); 1 x 

105CFU/mL (B); 1 x 

107CFU/mL (C); and 1 x 

109CFU/mL (D) (n=3*). *The 

n=3 refers to the number of 

replicate units, each with 6 fish 

and each with a mean value. 

This mean is therefore the sum 

of mean of 3x6=18 fish. 

 

 

stress in fish (Hoseini et al. 2018). Under normal 

conditions, erythrocytes comprise almost half of the blood 

volume, and the normal erythrocyte count range in tilapia 

is 1.05-3.5×106 cells/mm3 (Putranto et al. 2019). Research 

by Reda and Selim (2015) showed an increase in 

hemoglobin and hematocrits in tilapia (O. niloticus) fed 

Bacillus amyloliquefaciens. Based on Fig. 2, the tilapia in 

treatments A and C had high hematocrit and erythrocyte 

levels. In contrast, the tilapia in treatment B had normal 

hematocrit and erythrocyte levels. 
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Fig. 3: Mean value of blood parameters of O. niloticus (n=3) during rearing under four probiotic enrichment treatments (control (A); 1 

x 105CFU/mL (B); 1 x 107CFU/mL (C); and 1 x 109CFU/mL (D)): (a) Hemoglobin; (b) MCV=mean corpuscular volume; (c) 

MCH=mean corpuscular hemoglobin; (d) MCHC=mean corpuscular hemoglobin concentration. 
 

Kord et al. (2021) found that several blood parameters 

(red blood cells, white blood cells, hemoglobin, and 

hematocrits) increased in tilapia fed a probiotic-fortified 

diet. Decreased hematocrit levels in the blood can indicate 

anemia (Putranto et al. 2019). In cases such as microcytic 

anemia, the number and size of red blood cells are reduced, 

so the hematocrit level is also low (Ahmed et al. 2022). If 

exposed to infection, anemia can be caused by a decrease 

in appetite due to these pathogenic infections, leading to a 

decrease in hematocrit levels, which in turn leads to anemia 

(Docan et al. 2018). Conversely, sharp increases in 

hematocrit levels could be due to stress experienced by the 

fish (Wedemeyer and Yasutake 1977). These mechanisms 

could explain the high hematocrit levels in the control 

treatment, without probiotic enrichment. 

The hematocrit test measures the proportion of red 

blood cells in the blood. Hematocrit and erythrocyte levels 

in treatment A (without additional probiotics) increased 

during the study's observation period. Meanwhile, 

treatment B (synbiotic feed enhanced with probiotics at a 

dose of 1x107 CFU/mL) produced the most significant 

leukocyte count. Mulyadi et al. (2021) suggested that 

erythrocyte values can fluctuate due to the inhibition of 

erythropoiesis from bacterial infection injected into tilapia 

(O. niloticus). Furthermore, an increase in hematocrit and 

erythrocyte counts can indicate that fish are experiencing 

stress, e.g., due to the salinity of the rearing medium (Paul 

et al. 2022), while an increase in leukocyte counts in the 

fish’s blood after being fed synbiotic feed is most likely an 

indication that the immune system has successfully 

mounted a cellular response (Rohani et al. 2022).  

A decrease in the total number of erythrocytes in the 

body means there is a decrease in hematocrits, which can 

indicate the occurrence of anemia (Wedemeyer and 

Yasutake 1977; Irianto and Austin 2002; Kumar et al. 

2008). A decrease in erythrocytes can also occur due to 

phagocytosis of bacteria that infect fish, a process that 

requires oxygen (Lestari et al. 2018). The bacteria 

present in the fish body will be phagocytized after the 

bacterial particles are recognized and digested by 

phagocytic cells that require oxygen, causing a decrease 

in the number of erythrocytes (Rodrigues et al. 2020; 

Prasetyo et al. 2021). 

Leukocytes are blood cells that play a role in the 

immune system. Leukocytes help rid the body of foreign 

substances, including invading pathogens through the 

immune system and other responses (Moyle and Cech 

2004). The addition of prebiotics in feed can increase the 

leukocyte count in tilapia (Hartika et al. 2014: Marina et al. 

2015). The observed leukocyte counts in treatment B 

(27.120±1.465) fall within the normal standard range for 

tilapia, which is 20,000 cells/mm3-150,000 cells/mm3 

according to Widanarni et al. (2014). Fish condition and 

health parameters are factors that can affect the leukocyte 

count. The total number of leukocytes increased during the 

addition of prebiotics in tilapia feed compared to 

beforehand, indicating that the prebiotics played a 

significant role in increasing tilapia resistance to disease 

and infection. According to Sirimanapong et al. (2018), 

dangerous levels of pathogen attack are indicated by 

leukocyte counts reaching 40-50% of the total cell count. 

Butprom  et  al. (2013) found  that  the administration of an 

immunostimulant supplemented with bacteria in the feed 

could increase the phagocytic activity of leukocytes after 

45 days in catfish. 
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Fig. 4: Phagocytic activity in tilapia (mean ± SD, n=3) after 15 days and 30 days of rearing under four probiotic enrichment treatments: 

control (A); 1 x 105CFU/mL (B); 1 x 107CFU/mL (C); and 1 x 109CFU/mL (D). (Note: Different superscript letters on the same picture 

showed significant differences (P<0.05) between treatments). 

 

 
 

Fig. 5: Tilapia (Oreochromis niloticus) blood slides (Hematoxylin and Eosin-stained sections, 100x magnification, 10µm scale bars): 

arrows indicate Erythrocytes (Er) and Phagocytic activity (Pa). 
 

The results of this study further revealed that specific 

blood parameters such as Hb, MCV, MCH, and MCHC 

were higher in treatment B (1x105 CFU/mL) (Fig. 3), Thus, 

this treatment could improve the health of fish reared under 

aquaculture conditions and thereby improve fish 

production. As in other cold-blooded vertebrates, seasonal 

and other environmental effects can affect tilapia 

physiology and blood biochemistry (Ranzani-Paiva et al. 

2004; Xia et al. 2020). Hematological studies have 

generally been used as an effective and sensitive index for 

monitoring physiological changes in fish, as they can 

provide valuable information about the external 

environmental response to the internal physiology of fish 

(Kumar et al. 2017). 

The increase in leukocytes is thought to be caused by 

the invasion of bacteria, which triggers the defense system to 

produce leukocytes which can circulate in the blood and 

reach the infected tissues. The leukocytes produced are used 

to rid the body of pathogens (Lestari et al. 2018). 

Furthermore, Elkamel and Mosaad (2012) showed that 

probiotics could increase leukocyte abundance and stimulate 

lymphoid tissue to trigger innate immune system response. 

Phagocytosis is one of the innate immune response 

mechanisms which defend fish against attack by 

pathogenic microorganisms (Khaled et al. 2015; Biller and 

Takahashi 2018). The phagocytic index varied during the 

research period and differed between the sampling on day 

15 and day 30. Fig. 3 shows that treatment with the addition 

of prebiotic at a dose of 105 CFU/mL in tilapia feed could 

increase immune system response. The phagocytic process 

is an immune response mechanism that is part of the body's 

self-defense against infection from pathogenic 

microorganisms (Tizard, 1982; Kumar et al. 2008; Lestari 

et al. 2018; Moustafa et al. 2021). The increased phagocytic 

index shows that the prebiotic increased phagocytosis of 

incoming antigens by leukocytes in the fish blood 

(Kurniawan et al. 2019). The phagocytic index reflects the 

level of aggressiveness of leukocytes in destroying 

antigens that enter the body (Nicholson 2016). 

This study shows that the administration of probiotics 

through feed can increase the phagocytic index of treated 

fish compared to the control group which did not receive 

probiotic treatment, as also reported by other studies on 

probiotic feed additives (Telli et al. 2014; Khaled et al. 

2015). The increase in the phagocytic index indicates that 

the addition of probiotics was able to improve leukocyte 

performance with respect to the phagocytosis of incoming 

antigens. This is in line with the findings of Elkamel and 
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Mosaad (2012) that feeding probiotics to aquatic animals 

can significantly increase phagocyte activity and the 

phagocytic index.  

Based on blood parameters, synbiotic feed enrichment 

with B. subtilis at a dose of 1x105 CFU/mL gave the best 

results in saline tilapia infected with A. hydrophila 

bacteria. Under this treatment, the infected fish had 

erythrocyte, hematocrit, and leukocyte counts and 

phagocytic activity levels within the normal range. This is 

consonant with the findings of Cavalcante et al. (2020) that 

the addition of probiotics and prebiotics to feed can reduce 

the mortality of tilapia infected with pathogens by boosting 

innate immunity and increasing leukocyte counts. The 

results of this research show that the addition of the 

synbiotic to saline tilapia feed can improve growth 

performance, non-specific immune system function, and 

disease resistance. 

 

Conclusion 

Based on the study's results, feeding synbiotics with B. 

subtilis at 105 CFU/mL can provide better growth 

performance (WG and SGR), although not significantly 

different between treatments. Hb, MCV, MCH, and MCHC 

were found to be higher in treatment synbiotic feed 

enriched with probiotics at doses 1 x 105 CFU/mL. This 

shows that synbiotic feed enriched in this way can increase 

the synergy between probiotics and prebiotics to improve 

digestive tract function. Thus, the performance of fish 

health conditions in fish farming and production can be 

improved. 
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