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ABSTRACT Maggot Black Soldier Fly (BSF) is a nutritionally rich alternative food for fish. The slow digestibility requires 
the combination with other technologies to produce fish with excellent growth. This study aims to investigate the impact of 
probiotic application on the growth, microbiome, and gene expression in the intestines of tilapia-fed black soldier fly (BSF) 
larvae. Tilapia intestines were examined after two months of rearing with three replications and two treatments: A) 30% 
maggots and 70% commercial pellets with probiotics, and B) 30% maggots and 70% commercial pellets without probiotics. 
We discovered that probiotics have a significant impact on the gut microbiomes of fish and their absolute growth. The 
amplicon sequence variant in the probiotic treatment (A) was 25, with dominance by Cetobacterium, Acinetobacter, 
Enhydrobacter, and Gemmobacter, while the non-probiotic treatment (B) was 8, with dominance by Cetobacterium and 
Turicibacter. The probiotic treatment increased the expression of Ghrelin, Muc-2, IL-1β, and I-FABP genes, but not the 
CD36 gene. These findings suggest oral probiotics can help boost tilapia production when fed maggot black soldier fly 
(Hermetia illucens). 
Keywords: Bacteria; molecular; NGS; RT-qPCR

INTRODUCTION 
Tilapia (Oreochromis sp.) is a widely farmed freshwater 
fish that contributes significantly to the global aquaculture 
industry (Sukkarun et al., 2022). Feed is the most crucial 
aspect in tilapia farming (Lu et al., 2023), as it determines 
fish metabolism, intestinal structure, and growth rate, ac-
counting for 60-70% of overall production costs (Khan et 
al., 2021; Liao et al., 2023). The rising price of commercial 
feed prompts fish farmers to challenge with different types 
of alternative feeds. BSF maggot (Hermetia illucens) is an 
appropriate substitute meal for fish. Maggots offer several 
advantages for fish feed, including their high nutrient con-
tent, ease of cultivation, and minimal competition with hu-
man consumption. (Mokolensang et al., 2018; English et 
al., 2021). 

Research on the potential of maggots as an alternative fish 
feed has been conducted by Fahmi et al. (2009), who used 
maggots as a feed supplement and tested them on tilapia. 
This research demonstrates that feeding maggots to fish 
leads to improved growth and survival. However, feeding 
fresh maggots to fish can produce waste, increasing organ-
ic matter in the cultivation air. This will decline water quality 
and affect the growth of tilapia fish. One way to overcome 
this is by applying probiotics. Research on the application 
of probiotics to commercial feed has demonstrated im-
provements in water quality and tilapia growth. According 
to research by El-Kady et al. (2022), the application of pro-
biotics has a positive impact on water quality and can im-
prove the growth performance of tilapia. 

Maggots can be combined with probiotics for fish food 
(Murti et al., 2023). The effect of probiotics on increasing 
growth can be observed more clearly by examining the con-

dition of the microbiome and the expression of genes relat-
ed to lipid and protein transport in the intestines of tilapia. 
The diversity of the gut microbiome influences growth and 
the immune system, as the gut microbiota plays a crucial 
role in nutrient metabolism (Yang et al., 2021). The impact 
of probiotic treatment on immune gene expression in the 
tilapia gut requires more investigation. In a previous study 
by Murti et al. (2023), probiotics were found to increase 
the number of goblet cells in the intestines of tilapia. One 
way that probiotics work in the gut is by encouraging gob-
let cells to express the mucin gene (Gou et al., 2022). The 
condition of the microbiome and gene expression in the 
gut of tilapia, as reported in previous research (Murti et al., 
2023), remains unknown. Further research is needed to 
elucidate the mechanisms by which they positively impact 
tilapia farming.

The gut microbiota is a key factor influencing fish physiolo-
gy and feed absorption capacity, making it essential for fish 
health and performance (Viver et al., 2023). Interactions 
between the microbiome and fish can enhance aquacul-
ture management, as a balanced microbiome promotes 
overall health. The fish gut microbiome influences the 
metabolism, feeding behaviors, and immune responses 
(Yukgehnaish et al., 2020). Understanding their taxonom-
ic composition is a necessary first step toward unravelling 
the role of microbes in maintaining host homeostasis. The 
microbiome composition varies depending on the feed. 
The microbiome in the intestine plays a crucial role in aid-
ing digestion, food absorption, and immunity; therefore, 
feed treatment can alter microbiome dynamics (Viver et al., 
2023). According to Xia et al. (2020), the use of probiotic 
Lactococcus lactis JCM5805 can influence the composi-
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tion and increase the diversity of the tilapia gut microbi-
ota, altering intestinal metabolism and resulting in en-
hanced growth and immunity. 

Several studies have demonstrated that the application 
of probiotics influences gene expression in the intestine 
of tilapia. Probiotics can modulate the expression of 
genes related to the immune system, particularly those 
encoding TNF-α, IL-1β, and HSP70, and enhance resist-
ance to stressors (Dawood et al., 2020). Research by 
Hijo et al. (2019), Hendam et al. (2023), and Marel et al. 
(2012) has demonstrated that probiotics can influence 
the expression of genes related to intestinal function, in-
cluding those involved in fatty acid and protein transport, 
as well as mucus production. Apart from that, according 
to Kiela and Ghishan (2016), probiotics can also affect 
the expression of genes related to growth. Gene expres-
sion plays a role in determining the physiological function 
of an organism (Sourav, 2023). Observations regarding 
the effect of probiotic application on gene expression are 
crucial for understanding how bacteria in the intestine 
function and interact with the host.

This is curious to consider employing probiotics to treat 
the digestive issues with BSF maggot feed. This research 
aims to utilize probiotics to optimize the use of black sol-
dier fly (BSF) maggots as an alternative diet that can pro-
mote growth, bacterial microbiome, and gene expression 
in the intestines of tilapia fed a maggot-based feed mix-
ture.

MATERIALS AND METHODS
Research design
This research was conducted from November to Decem-
ber 2023 in the Laboratory of Fish Health and Environ-
ment, Department of Fisheries, Faculty of Agriculture, 
Gadjah Mada University. Two treatments were used in 
this study, with three repetitions of each treatment. The 
treatment consists of the following options: (A) 30% mag-
got and 70% commercial pellets with probiotics, and (B) 
30% maggot and 70% commercial pellets without probi-
otics.

Red hybrid tilapia nilasa strain (Oreochromis sp.) with 
an average length of 15 cm and an average weight of 50 
g was used in the present study. It was purchased from 
Mina Raya fish farm, Kalasan, Sleman, Yogyakarta. Tila-
pia were kept in six fibre tanks with a diameter of 80 cm 
and a height of 90 cm, with a density of 50 fish per tank. 
Feeding was carried out with commercial pellets (Hi-Pro 
Vite 781, containing 31-33% protein) three times a day. 

Maggot black soldier fly (BSF) was cultured with oil palm 
cake by PT Trimitra Bumi Lestari Yogyakarta was used in 
the present study. We use 4-6 days old fresh maggots, 
with an average body length of 5-10 mm and a body width 
of 1-2.5 mm, due to their high protein and low-fat con-
tent (Fahmi et al., 2009). Maggots were given to the fish 
once a day in the afternoon. The probiotic bacteria used 
for oral administration were proteolytic Bacillus tropicus 
PCP1 and lipolytic Lactococcus formosensis JAL37, at 
107 cells/g of feed. Those used for water administration 
were Klebsiella variicola A2 (Aswiyanti et al., 2021) at a 
concentration of 105 cells/mL in water. Probiotic applica-
tion is done once a week. Water quality checks were con-
ducted on day three after the probiotic application.

Sample collection

Red hybrid ilapia intestine samples were taken after two 
months of rearing. The intestinal tissue from each fish 
sample was taken and then rinsed using phosphate-buff-
ered saline (PBS). After that, the intestine was placed into 
a 1.5 mL microtube, added with 70% ethanol, and stored 
at -20°C for DNA extraction and analysis of the gut micro-
biota. The other portion of the intestinal tissue was stored 
in RNA later solution at -20°C for further RNA extraction 
for gene expression analysis. 

Fish Growth and Survival Rate
The survival rate and growth of the red hybrid tilapia 
(Oreochromis sp.) were recorded at the end of the exper-
iment. Growth performance was measured based on the 
absolute weight gain and absolute length gain. 

Gut microbiota analysis
DNA extraction of the anterior intestine of tilapia was con-
ducted by using the PureLink Genomic DNA Mini Kit (In-
vitrogen, Cat. No. K1820- 01). The intestinal tissue lysis 
procedure was performed using the PureLinkTM Genom-
ic DNA Mini Kit (Invitrogen, Cat No. K1820-01. A total of ≤ 
25 mg of intestinal tissue in a tube is added with 180 μL 
of Digestion Buffer and 20 μL of Proteinase K. The mix-
ture is then incubated at 55°C for 4 hours. Afterward, 20 
μL of RNase A is added, and the mixture is incubated at 
room temperature for 2 minutes, followed by centrifuga-
tion for 5 minutes. The supernatant was transferred to a 
new microcentrifuge tube, supplemented with 200 μL Ly-
sis/Binding Buffer, and vortexed. Then, 200 μL 90-100% 
ethanol was added, vortexed for 5 seconds, and the mix-
ture was centrifuged for 5 minutes. The column was then 
added with 500 µl of Wash Buffer 2 and further centri-
fuged at 10.000 x g for 3 min. The DNA in the collection 
tube was eluted with Elution Buffer, incubated at room 
temperature for 1 minute, and then centrifuged for 1 
minute. The collected DNA was visualized using agarose 
gel electrophoresis (Mupid Exu) and a UV Transillumina-
tor (Viber Lourmat). The DNA quality (quantity and purity) 
was measured by using a Nanodrop spectrophotometer 
(Nanodrop 1000, Thermo Scientific, USA). The nanodrop 
yield of a suitable DNA genome is at least 100 ng/µl. and 

The gut microbiota of the red hybrid tilapia was analyz-
ed using the next-generation sequencing (NGS) meth-
od with V3-V4 16S rRNA amplicon sequencing. The 
extracted DNA samples were subjected to PCR for the 
16S rRNA gene using a set of primers, 27F (5’-AGAGTTT-
GATCMTGGCTCAG-3’) and 1492R (5’-TACGGYTACCTTGT-
TACGACTT-3’), and a PCR master mix (Promega) with 
30 cycles of temperatures for denaturation (95°C), an-
nealing (60°C) and elongation (72°C). The PCR product 
then subjected for emperature of, and next-generation 
sequencing (NGS), starting from library preparation and 
sequencing. The V3-V4 area of the 16S rRNA gene was 
amplified, purified, sequenced, and then identified based 
on sequence similarity to references in the database. Am-
plification was carried out with a fragment length of 470 
bp using primers 341F (5’-CCTAYGGGRBGCASCAG-3’) 
and 806R (3’-GGACTACNNGGGTATTCTAAT-5’) (Li et 
al., 2022). Sequencing was performed using the MGI 
DNBSEQ-G400 platform. Amplification and sequencing 
were performed by NovogeneAIT in Singapore. The gDNA 
samples were amplified using target-specific primers 
(16S V3-V4). Library preparation was carried out using 
the final PCR product. The final library was sequenced on 
the MGI platform to generate paired-end raw reads.
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Data analysis was done using adapter primer sequenc-
es, and paired-end reads were removed using Cutadapt. 
DADA2 is used to correct sequencing errors and remove 
low-quality sequences and chimaera errors. The resulting 
Amplicon Sequence Variants (ASV) data was used for tax-
onomic classification against SILVA (silva_nr99_v138.1). 
Downstream analysis and visualisation were performed 
using packages in Rstudio (R version 4.2.3) (https://
www.R-project.org/), Krona Tools (https://github.com/
marbl/Krona), PICRUSt2 (https://github.com/picrust/
picrust2).

Analysis of gene expressions in the intestine
Isolation of total RNA
RNA isolation was performed using Direct-zol™ RNA Mini-
prep Plus R2073 (Zymo Research Corporation) according 
to the specified protocol. The sample was lysed by mixing 
it with 800 µl of TRI Reagent®, centrifuged at 14.000 
xg for 1 min, and then the supernatant was taken. Next, 
800 µl of ethanol was added and centrifuged at 10.000-
16.000 xg, 30 s. Then, the column was transferred to a 
new collection tube, and the supernatant was discarded. 
Next, 400 µl of RNA Wash Buffer was added to the col-
umn and centrifuged at 10.000-16.000 xg for 30 s. Then, 
the liquid was discarded. Add a mixture of 5 µl DNase I 
and 75 µl DNA Digestion Buffer to the column. Then, in-
cubate at room temperature for 15 min. Add 400 µl RNA 
Pre Wash to the column, centrifuge 10.000-16.000 xg, 
30 s. Then, the liquid is discarded, and the step is repeat-
ed. After that, 700 µl of RNA Wash Buffer was added to 

the column, centrifuged at 10.000-16.000 xg, 1 min, and 
then the liquid was discarded. The column was carefully 
transferred to the new microtube. Next, to elute RNA, add 
100 µl DNase/RNase-Free Water to the column and cen-
trifuge 10.000-16.000 xg, 30 s. Then, the supernatant 
(which already contained pure RNA) was taken.

RNA purity and concentration can be evaluated using a 
nanodrop spectrophotometer (Nanodrop 1000, Thermo 
Scientific, USA). 

Reverse transcription-qPCR
Gene expression was analyzed using Reverse transcrip-
tion-qPCR using PCR mix SensiFAST™ SYBR® Lo-ROX 
One-Step Kit (Bioline) according to a predetermined 
protocol. PCR mix consists of 10 µL SensiFASTTM SYBR® 
Lo-ROX One-Step Kit Mix (2x), 0.8 µL forward primer (10 
µM), 0.8 µL forward primer (10 µM), 0.2 µL Reverse tran-
scriptase, 0.4 µl RiboSafe RNase Inhibitor, >16 µL NFW, 
and 4 µl RNA template for a total final volume of 20 µL. 
The PCR mix was put into a PCR tube covered with opti-
cal strips and spun down. Next, it was entered into the 
reverse transcription-qPCR tool according to the maps 
prepared to go through the stages of the gene expres-
sion analysis process. RT-qPCR conditions were adjusted 
based on the instrument from the SensiFAST SYBR® Lo-
ROX One Step Kit, namely reverse transcription at 45°C 
for 10 min, polymerase activation at 95°C for 2 min, de-
naturation for 5 s, annealing at 56.1°C for 10 s, and ex-
tension at 72°C for 5 s with 40 cycles. The primers used 
in this study are listed in Table 3.

Table 1. List of genes used in research.

Function Name Sequence Reference

Energy balance 
(feed intake & metabolisme)

Ghrelin F; GTGGTGCAAGTCAACCAGTG Amin et al. (2019)
R: CATGGCTTGGCGACCAATTC

Lipid and protein transport CD-36 F: GCTAAATGAGACTGGGACCAT Kiela & Ghishan (2016)
R: CACCACTCCAATCCCAAGTAA

Lipid and protein transport I-FABP F: ACCGCCACCATGACTTTCAA Qiang et al. (2019)
R: GGTCCACGCACCTGATAGTT

Mucin genes Muc-2 F: CAGCASTGGGGAACTTCCAC Marel et al. (2012)
R: CATCGATGTTGTGTTCCTCAC

Immune genes IL- 1β F: AAGGATGACGACAAGCCAAC Shater et al. (2022)
R: CGCTGTGCTGATGTACCAGT

Housekeeping β-actin F: GGCTGTGCTGTCCCTGTA Aditama (2022)
R: GGGCATAACCCTCGTAGAT

Measurement of gene expression levels
Gene expression quantities were calculated based on 
RT-PCR quantification’s melting curve (Ct) results. Calcu-
lation of gene expression values is based on Schmittgen 
& Livak (2001): 

Gene expression = 2-ΔΔCt

Data analysis
Analysis of bacterial microbiome data in the intestine is 
explained descriptively by comparing the literature. Anal-
ysis of microbiome data on adapter primer sequences 
and PCR of paired-end deletion reads using Cutadapt 
(Bellemain et al., 2010). Furthermore, DADA2 is used to 

correct sequencing errors, remove low-quality sequenc-
es, and chimera errors (Martin, 2011). The resulting ASV 
data were used for taxonomic classification against SIL-
VA (silva_nr99_v138.1). Final analysis and visualization 
were performed using RStudio (version 4.2.3) (https://
www.R-project.org/), Krona Tools (https://github.com/
marbl/Krona), and PICRUSt2 (https:// github.com/
picrust/picrust2). The qPCR results will be processed 
using Microsoft Excel software for calculation of gene ex-
pression using the Schmittgen & Livak (2001) method. 
Relative gene expression parameters were explained us-
ing t-test.
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RESULTS AND DISCUSSION
Growth performance and survival rate 

Figure 1. Average weight (g) of tilapia treated with probiotics and not given probiotics (a), survival rate of tilapia treated 
with probiotics and not given probiotics (b).

The results of observations of the weight growth of tilapia 
treated with probiotic application and without probiotic 
application can be seen in Figure 1a. Based on Figure 1a, 
the highest average growth based on weight in the fourth 
and eighth weeks was in treatment A (with probiotics), 
while the lowest average weight growth was in treatment 
B (without probiotics). The data obtained met the require-
ments, namely, standard and homogeneous distribution. 
Based on the results of the T test, it is determined that T 

count > T table. Therefore, Ho (probiotic application has 
no effect) is rejected, so it can be concluded that probi-
otic application influences increasing weight growth in ti-
lapia. There was a significant difference in weight growth 
between probiotic treatment and without probiotic treat-
ment.

The survival rate results in Figure 1b show that treatment 
A has the highest average SR value, 98.67%, while treat-
ment B has the lowest, 70.19%.

The gut bacterial microbiome

Figure 2. (a) Venn diagram of the number of intestinal microbial communities of tilapia, (b) rarefaction curve of the gut 
microbiome of tilapia, and (c) results of alpha diversity measurements in intestinal samples treated with pro-
biotics (A) and those not treated with probiotics (B). 
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The diversity of the microbiome in the tilapia intestine 
can be seen using a Venn diagram created from the Am-
plicon Sequence Variant (ASV) distribution pattern be-
tween treatments (Figure 2a). According to Plessis et al. 
(2023), the Amplicon Sequence Variant (ASV) is one of 
the single DNA sequences obtained from marker gene 
sequencing analysis with high yield. Because the se-
quences in ASV are created after the deletion of errone-
ous sequences during PCR and sequencing, ASV can be 
used to distinguish sequence variations by single nucle-
otide changes, classify species groups by species based 
on DNA sequences, and discover microbes of a species.

Eight common ASVs were identified in the two treat-
ments, so 8 ASVs were found in the probiotic (A) and no 
probiotic (B) treatments. Unique ASVs in each treatment 
varied in number. A total of 24 unique ASVs were found in 
treatment A (probiotic treatment), and five unique ASVs 
were identified in treatment B (without probiotics). These 
results show that the microbial diversity of tilapia given 
probiotics (A) is higher than the microbes in the intestines 
of tilapia without probiotics (B).

Rarefaction curves can be used to analyses the se-
quence distribution of each sample. Rarefaction curves 
can be a factor in the suitability of sequencing data and 
indirectly reflect the abundance and diversity of bacteri-
al communities (Kong et al., 2023). All samples showed 
a stable curve (Figure 2b), which indicated that the se-
quencing results met the requirements. The shape of the 
curve reflects the even distribution of bacteria in each 
community. The rarefaction curve above shows that spe-
cies diversity was highest in the treatment with probiotics 
(A) and lower in the treatment without probiotics (B).

Based on (Figure 2c), it is known that, based on the re-
sults of alpha diversity analysis, in intestinal samples 
treated with probiotics, the microbial diversity was high-
er than in those without probiotics. In the probiotic treat-
ment (A), the alpha diversity value was 32, while in the 
treatment without probiotics (B), it was 13. Furthermore, 
microbiota diversity can be measured using the Shan-
non index. In their statement, Yin et al. (2019) said that 
“The Shannon Index is a quantitative indicator of species 
diversity by considering the number of species and the 
abundance of each species and considering the uniform-
ity of species distribution in a community”. The increasing 
number of species and evenness can increase the diver-
sity index value. The higher the value of the Shannon in-
dex, the higher the value of bacterial microbial diversity 
(Yin et al., 2019). The Shannon index value in the probiot-
ic treatment (A) was 2.463, while in the treatment without 
probiotics it was 1.907.

According to Poulsen et al. (2021), the Simpson index 
can reflect the diversity of the microbial community, 
which is measured based on species dominance and has 
a value range between 0 and 1. The higher the Simpson 
index, the more the species contained in the sample are 
evenly distributed and not dominated by one or several 
particular species. Therefore, an increasing Simpson in-
dex value indicates high species diversity in the sample. 
The Simpson index value in the probiotic treatment (A) 
was 0.838, while in the treatment without probiotics (B), 
it was 0.793. Based on this statement, the microbial di-
versity in the intestines of tilapia given probiotics is high-
er than without probiotics. The InvSimpson value in the 
probiotic treatment (A) was 6.175, while in the treatment 
without probiotics (B), it was 4.822.

Figure 3. Phylogenetic tree based on the neighbour-joining (NJ) algorithm in treatments given probiotics (A, red) and 
without probiotics (B, blue). 



168

 Latifah et al., 2024

The species taxonomic tree in Figure 3 is arranged based 
on the neighbour-joining (NJ) algorithm. Based on the 
phylogenetic tree above, the most abundant bacteri-
al diversity was detected in the probiotic treatment (A). 
The species detected in the treatment with probiotics (A) 
were more diverse when compared to the treatment with-
out probiotics (B).

There were eight common ASVs identified in the two treat-
ments, both treated with probiotics (A) and without probi-
otics (B), namely Somerset Species (ASV1), Cetobacteri-
um Genus (ASV2), Somerae Species (ASV3), Romboutsia 
Genus (ASV6), Genus Cetobacterium (ASV9), Genus 
Clostridium sensu stricto 1 (ASV14), Family Barnesiel-
laceae (ASV26), and Genus Turicibacter (ASV47). There 
were five unique ASVs in the treatment without probiot-
ics, including the Isosphaeraceae family (ASV54), the 
Crenobacter genus (ASV83), the Vermiphilaceae family 
(ASV94), the Rhizobiales Incertae Sedis family (ASV97), 
the Acinetobacter genus (ASV110).

There were 24 unique ASVs in treatment A (which were 
only found in the treatment with probiotics), consisting 
of Genus Acinetobacter (ASV12), Genus Enhydrobacter 
(ASV15), Genus Acinetobacter (ASV16), Genus Gem-
mobacter (ASV21), Genus Clostridium sensu stricto 1 
(ASV25), Genus Crenobacter (ASV38), Genus Macellibac-
teroides (ASV43), Genus Mycobacterium (ASV48), Fami-
ly Moraxellaceae/ Genus Acinetobacter (ASV57), Family 
Moraxellaceae/ Genus Acinetobacter/ Species johnsonii 
(ASV64), Family Moraxellaceae/ Genus Acinetobacter/ 
Species schindleri (ASV65), Order Bacteroidales/ Family 
Barnesiellaceae (ASV69), Family Microbacteriaceae/ Ge-
nus Aurantimicrobium/ Species minutum (ASV72), Fam-
ily Propionibacteriaceae (ASV88), Family Rhizobiales 
Incertae Sedis (ASV93), Genus Plesiomonas/ Species 
shigelloides (ASV98), Family Rhizobiales Incertae Sedis 
( ASV100), and the Genus Macellibacteroides (ASV198).

 

Figure 4. Chronic chart representing the taxonomic composition of all bacteria in the intestines of tilapia treated with 
probiotics (a) and non-probiotics (b).

Non probiotic
Probiotic

(a) (b)

Based on the chrona analysis in (Figure 4a) above, it is 
known that the total bacteria detected in the treatment 
with probiotics was higher than in the treatment without 
probiotics, namely 6.442 (Figure 4a). The intestines of ti-
lapia treated with probiotics were dominated by Cetobac-
terium at 63%, which included Somerae species at 40%. 
Furthermore, the Proteobacteria phylum dominates at 
21%, the phylum Firmicutes at 9%, the order Bacteroi-
dales at 4%, and the phylum Actinobacteria at 3%.

Based on the chronic analysis (Figure 4b), it is known that 
the total bacteria detected in the treatment without pro-
biotics was less than in the treatment with probiotics. 
The number of known bacteria in the treatment without 
probiotics was 2.599. The intestines of tilapia that were 
not given probiotics were dominated by Cetobacterium at 
78%, which included Somerae species at 57%. Further-
more, Proteobacteria phylum Proteobacteria dominates 
it at 6%, the phylum Firmicutes at 9%, the Order Bacteroi-
dales at 2%, Isosphaerales at 3%, and Babeliales at 2%.

Based on the results of the analysis of the top ten taxa 
of tilapia gut bacteria at the phylum level (Figure 5a), the 
Fusobacteriota phylum was found in the probiotic treat-
ment and without probiotics. According to Bereded et 

                                  
Probiotics  	 Non probiotics            

(a)
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al. (2022), the number of Fusobacteriota is inversely 
proportional to the abundance of Actinobacteriota and 
Firmicutes. This statement is also in line with Bi et al. 
(2023) that when Firmicutes increase, the number of 
Fusobacteria will decrease. According to the research 
results obtained in the probiotic treatment, the number 
of Fusobacteria decreased compared to the treatment 
without probiotics. However, the number of Actinobacte-
ria and Firmicutes in the probiotic treatment increased. 
According to Mao et al. (2024), Fusobacteriota can indi-
rectly increase mucus secretion and produce butyrate as 
an anti-inflammatory. Fusobacteria can reduce the risk of 
intestinal inflammation and damage to intestinal tissue. 

The Proteobacteria in the probiotic treatment were in-

      
Probiotics  	 Non probiotic

      
Probiotics  	 Non probiotic

     

Probiotic  	 Non probiotic

Figure 5. Top ten taxa of tilapia gut bacteria at phylum (a), 
class (b), order (c), and family (d) level.

(b)

(c)

(d)

creased. The high number of Proteobacteria plays an es-
sential role in the mucosal microbial barrier. It contains 
various opportunistic pathogens so that it can stimulate 
the improvement of the immune system and maintain im-
mune function (Wu et al., 2021). According to Xia et al. 
(2020), Proteobacteria play a crucial role in differential 
metabolite production.

The probiotic treatment had a higher number of Firmi-
cutes. According to Zheng et al. (2018), Firmicutes is a 
phylum that is abundant in the digestive tract of tilapia 
after Proteobacteria. The Firmicutes phylum can provide 
nutrition for intestinal mucosal cells through the produc-
tion of short-chain fatty acids and can regulate the intes-
tinal microecological environment (Wu et al., 2021). Ac-
cording to Bereded et al. (2022), Firmicutes can produce 
several enzymes for the degradation of food nutrients so 
that they can help the host in the digestion and absorp-
tion of nutrients. High numbers of Firmicutes in the gut 
microbiota are positively correlated with efficient absorp-
tion of dietary energy. Tilapia, with a high number of Fir-
micutes, are also more efficient in collecting energy, thus 
helping them adapt to the environment (Bereded et al., 
2022).

Based on the research results obtained, the Actinobac-
teria phylum was only found in the intestines of tilapia 
treated with probiotics. According to Euanorasetr et al. 
(2020), based on microbiome analysis, Actinobacteria 
were identified in the intestines of tilapia fish. The relative 
abundance of Actinobacteria in the intestine is higher 
than elsewhere. Actinobacteria can produce antibiotics 
that can inhibit the growth of intestinal pathogenic bac-
teria. Therefore, the abundance of Actinobacteria can im-
prove gut health, thereby having a positive impact on the 
fish’s immune system.

Based on (Figure 5a), the research results show that the 
Phylum Patescibacteria was found in the probiotic treat-
ment and was not found in the treatment without probi-
otics. According to Yang et al. (2023), Patescibacteria in 
the intestine are associated with genes involved in glu-
cose and lipid metabolism and can ameliorate the unfa-
vorable adverse effects of a high-fat diet. Planctomyceto-
ta was only detected in the treatment without probiotics 
and was not found in the probiotic treatment. Based on 
Zhang et al. (2023), Planctomycetota will increase along 
with a decrease in the number of Firmicutes and Bacte-
roidetes. This is following the results of this study that in 
the treatment without probiotics, the abundance of Firmi-
cutes and Bacteroidetes was lower, so in the treatment 
without probiotics, the presence of Planctomycetota was 
detected. Menurut M. Wang et al. (2022), Planctomycet-
es is the main phylum in tilapia which has a negative ef-
fect on tilapia survival and intestinal development.

Based on the results of the analysis of the top ten taxa of 
tilapia gut bacteria at the class level (Figure 5b), the re-
sults showed that the abundance of Fusobacteriia in the 
treatment without probiotics was higher than in the pro-
biotic treatment. Increasing the number of Fusobacteria 
can reduce the relative abundance of Clostridia (Peng 
et al., 2019). Fusobacteria have an elongated shape, so 
they are classified as bacilli bacteria. Fusobacteria, un-
der optimal environmental conditions and sufficient en-
ergy sources, can live in harmony with their hosts without 
causing disease.

Gammaproteobacteria were more abundant in the pro-
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biotic treatment than in the treatment without probiot-
ics. According to Lan & Love (2012), the abundance of 
Gammaproteobacteria is inversely proportional to the 
abundance of Bacilli. If Gammaproteobacteria increas-
es, Bacilli tend to decrease. This is following the results 
of research conducted that showed that in the treatment 
of probiotics, the number of Gammaproteobacteria in-
creased while the number of Bacilli decreased. In this 
study, the results showed that Bacilli were found to be 
more numerous in the treatment without probiotics than 
in the probiotic treatment.

Clostridia were more abundant in the probiotic treat-
ment than in the treatment without probiotics. Clostrid-
ia include gram-positive bacteria as an important and 
essential part of the total bacteria in the intestinal mi-
crobiota. Clostridia play an important role in physiolog-
ical, metabolic, and immune processes in the intestine. 
Clostridia are involved in maintaining intestinal function 
and improving intestinal health (Lopetuso et al., 2013). 
The abundance of Alphaproteobacteria was higher in the 
probiotic treatment compared to the treatment without 
probiotics. Alphaproteobacteria have a negative corre-
lation with Vibrio (Hu et al., 2024). The high abundance 
of Alphaproteobacteria causes the number of vibrios to 
decrease. According to Egerton et al. (2018), pathogenic 
vibrios can infect fish and cause sudden and significant 
death.

There were more Bacteroidia in the probiotic treatment 
than in the treatment without probiotics. According to Bi 
et al. (2023), Bacteroides is the most common and dom-
inant bacterium in the intestines and habitat of tilapia 
fish. Habitat will influence the number of bacteria in the 
intestines of tilapia. Bacteroides are anaerobic bacteria 
that play a role in the fermentation process of intestinal 
contents and the metabolic production of short chain 
short-chain fatty acids and can fight host enteritis (Liu et 
al., 2022).

Saccharimonadia was only detected in probiotic treat-
ment and is a bacterium found in the intestines of fish. 
These bacteria can improve fish health by breaking 
down cellulose and producing short-chain fatty acids as 
a source of fish energy (Liu et al., 2021). Planctomycet-
es were detected in the treatment without probiotics and 
not detected in the probiotic treatment. Planctomycetes 
are included in the fish gut microbiota, which maintains 
intestinal health (Wang et al., 2022). Planctomycetes 
can use carbohydrate fermentation for growth and sur-
vival. An increase in microbial communities that can 
ferment digestible carbohydrates under anaerobic con-
ditions in the intestine was found in tilapia that were not 
given probiotics (Wang et al., 2022).

Barbeliae were only found in the intestinal tissue of tila-
pia, which was not treated with probiotics. In the probiotic 
treatment, no Barbeliae were found. Barbeliae is a poten-
tial fish pathogen that causes death in infected fish. Fish 
infected with Barbeliae show symptoms of decreased 
appetite, causing decreased growth performance (Liu et 
al., 2021). The negative impacts of Barbeliae infection in 
fish intestines are not entirely known, but several stud-
ies have shown that bacterial infections in fish intestines 
affect fish health and reduce fish growth (Wang et al., 
2023; Sutarni et al., 2021). Based on the results of the 
analysis of the top ten taxa of tilapia gut bacteria at the 
order level (Figure 5c), the abundance of the Order Pseu-

domonadales in the probiotic treatment was higher than 
in the treatment without probiotics. Pseudomonadales 
are known to dominate the intestines of freshwater fish 
species. Pseudomonadales have a role in the microbi-
ome that is beneficial to the host in areas such as nutrient 
absorption, digestion, and the formation of immune re-
sponses (Talwar et al., 2018). The treatment without pro-
biotics had a higher abundance of the Erysipelotrichales. 
Erysipelotrichales have high abundance in the intestinal 
tract but can cause host metabolic disorders and inflam-
matory diseases (Wu et al., 2021).

The abundance of the Clostridiales order in the probiotic 
treatment was higher. The abundance of Bacteroidales in 
the probiotic treatment was higher than without probiot-
ics. Bacteroidales, Clostridiales, and Fusobacteriales will 
increase when the animal protein contained in the feed is 
high (Michl et al., 2017). The treatment without probiot-
ics had a higher abundance of the Burkholderiales. The 
order Burkholderiales consists of several species of envi-
ronmental and pathogenic bacteria (Meng et al., 2021). 

Based on the results of the analysis of the top ten taxa 
of tilapia gut bacteria at the family level (Figure 5d), it 
was found that the Barnesiellaceae family was found to 
be more abundant in the treatment without probiotics. 
Barnesiellaceae constitutes a large proportion of water 
pollution and is a common pathogen in fish (Zhang et al., 
2022). The Caulobacteraceae family was only found in 
probiotic treatment. According to Caulobacteraceae, it 
has a mutualistic relationship with fish hosts by protect-
ing fish against opportunistic infections (Dvergedal et al., 
2020).

The Chromobacteriaceae family was found most fre-
quently in the treatment without probiotics. Chromo-
bacteriaceae is a family of bacteria commonly found in 
aquatic environments. It has been isolated from fish and 
can act as pathogens and commensals. The Clostridiace-
ae family was more abundant in the treatment with pro-
biotics. These bacteria can ferment carbohydrates and 
produce short-chain fatty acids (Guo et al., 2020).

The number of Erysipelotrichaceae was higher in the 
treatment with probiotics compared to the treatment 
without probiotics. Erysipelotrichaceae is an indicator 
that is abundant in herbivorous/omnivorous fish, which 
plays a role in forming the gut microbial community. Er-
ysipelotrichaceae can also contribute to producing cel-
lulase and amylase (Huang et al., 2020). The number of 
Moraxellaceae was higher in the treatment without pro-
biotics. Moraxellaceae It is known that many species in 
this family can cause infections in humans and animals, 
including fish.

Based on the results of the analysis of the top ten taxa 
of tilapia gut bacteria at the genus level (Figure 6a & 6b), 
it was found that although the Cetobacterium genus was 
found in both treatments, based on the results of the 
analysis, it was found that the probiotic treatment could 
increase the number of Cetobacterium in the intestinal 
tract. According to Zhang et al. (2022), Cetobacterium is 
a group of intestinal bacteria that dominate freshwater 
fish and play a role in producing amino acids. Cetobac-
terium can use starch, sucrose, maltose, glucose, and 
mannose and can synthesise and utilize glycogen. Ce-
tobacterium can catabolise various vitamins and all the 
genes involved in folate synthesis. According to Liu et al. 
(2023), Cetobacterium can produce vitamin B12 in the 
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carbohydrate fermentation process and plays a vital role 
in nutrient metabolism. According to Liu et al. (2023), 
Cetobacterium can improve intestinal health through 
reducing intestinal inflammation and lipid deposition. In 
addition, Cetobacterium metabolites such as short-chain 
fatty acids are dominant in the fish intestine and are ben-
eficial for the fish intestine. The presence of Cetobacteri-
um will increase the expression of genes involved in lipid 
metabolism (Liu et al., 2023).

Romboutsia increased more in the treatment with pro-
biotics than without probiotics. According to Fan et al. 
(2024), the abundance of the genus Romboutsia is 
positively correlated with food sugar content. Rombout-
sia strains are often found in the intestines of the tilapia 
fish, which can convert carbohydrates into SCFA during 
fermentation. Crenobacter increased more in treatment 
without probiotics. Crenobacter is a gram-negative, facul-
tative anaerobic bacterium, often found as a pathogen in 
fish (Das et al., 2021). 

Gene expression in the fish intestine
Based on Figure 7a, it is known that on observation dur-
ing the four weeks of maintenance, it was discovered that 
the Ghrelin gene in the probiotic treatment (A) increased 
more than in the treatment without probiotics (B). The ef-
fect of giving probiotics is known to stimulate the expres-
sion of genes related to growth, namely the Ghrelin gene. 
According to Ghalwash et al. (2021), the addition of pro-
biotics can induce upregulation of ghrelin gene expres-
sion. Therefore, based on Ghalwash et al. (2021), the ap-
plication of probiotics will increase the expression of the 
ghrelin gene, thereby allowing increased growth of tilapia 
fish. According to (Schalla & Stengel, 2020), changes in 
the microbiome are associated with changes in ghrelin 
expression, secretion, activation, and signaling.

The expression of the Muc-2 gene in the treatment giv-
en probiotics (A) was higher than in the treatment with-

       
   Probiotic  	     Non probiotic	

Probiotic  			   Non probiotic

Figure 6. Top ten taxa (a) and cluster heatmap (b) of tila-
pia gut bacteria at the genus level treated with 
probiotic and non-probiotic.

(a)

(b)

A : Probiotics B : Non probiotics

Figure 7. Expression of Ghrelin (a), Muc-2 (b), IL-1β (c), I-FABP (d), and CD-36 (e) genes in the intestines of tilapia  
treated with probiotics (A) and non-probiotics (B).
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out probiotics (B) (Figure 7b). According to Midhun et al. 
(2019), mucin acts as the main barrier that consistently 
selects and transports essential materials through the 
intestinal epithelium and eliminates pathogens. One of 
the mucin genes expressed in the intestinal tract is Muc-
2. Based on research by Midhun et al. (2019), it is known 
that the application of probiotics can increase the regu-
lation of the Muc-2 gene in fish intestinal tissue. Mucin 
has a protective layer that plays a role in the immune re-
sponse against microbial invaders.

The expression of the IL-1β gene in the treatment given 
probiotics (A) was higher than in the treatment without 
probiotics (B) (Figure 7c). According to Wang et al. (2021), 
interleukin-1β (IL-1β) is the main pro-inflammatory cy-
tokine that functions in the inflammatory response to 
bacterial and viral infections. Based on research con-
ducted by Wang et al. (2021), IL-1β functions in immune 
regulation and increases fish resistance to bacterial 
infections so that it can increase a higher survival per-
centage. The results showed that the expression of the 
I-FABP gene in the probiotic treatment was higher than 
in the treatment without probiotics (Figure 7d). According 
to Debnath & Saikia (2021), intestinal fatty acid-binding 
protein (I-FABP) plays a role in binding peptides or pro-
teins before endocytosis. Gut microbes can facilitate 
protein absorption. Therefore, the application of pro-
biotics can increase the expression of genes related to 
protein transport, so that it will help with protein absorp-
tion, which will increase the growth of fish. This is in ac-
cordance with the results of previous research, that fish 
growth with probiotic application was higher than without 
probiotics (Latifah, 2023). The expression of the CD-36 
gene in the probiotic treatment (A) was lower than in the 
treatment without probiotics (B) (Figure 7e). This result is 
related to the results of microbiome analysis in the intes-
tine, which shows that the number of Cetobacterium in 
the probiotic treatment (A) is lower than in the treatment 
without probiotics (B). This is following Y. Liu et al. (2023) 
that when the number of Cetobacterium is low, it will be 
associated with a decrease in the expression of genes in-
volved in lipid metabolism. This situation in the research 
carried out occurred in the treatment given probiotics (A), 
where in this treatment, from the results of microbiome 
analysis, it was found that the number of Cetobacterium 
was lower than in the treatment without probiotics (B). 
This correlates with the lower CD-36 gene expression in 
the probiotic treatment (A) than in the treatment without 
probiotics (B).

Discussion
In general, the average growth of tilapia treated with pro-
biotic application was higher than that without probiotic 
application (Figure 1a). After 60 days of maintenance, 
the tilapia fish given probiotics weighed an average of 
88 g, while the non-probiotics weighed 80 g. In addition, 
after 60 days of maintenance, tilapia fish given probiot-
ics had a specific growth rate of 0.967%, while non-pro-
biotics had an absolute weight of 0.612%. Based on re-
search by Aisyah et al. (2020), tilapia fish given probiotics 
(Saccharomyces sp., Enterobacter sp. JC10, Aeromonas 
sp. JC33, and Lactococcus sp. JAL12) on 100% pelleted 
feed produced a specific weight growth of 0.97% (probiot-
ics daily), 0.96% (probiotics three-day interval), while for 
those not given probiotics it was 0.85. Tilapia (Oreochro-
mis niloticus) with Metschnikowia sp. GXUSO3 on pellet 
with a dose of 107 has a specific weight of 0,96% (Liao 

et al., 2023). This is because, according to Abdel-Latief 
et al. (2023), the application of probiotics to feed can 
improve the digestive process so that fish can grow well. 
Dewanti et al. (2022) reported that Bacillus sp. PCP1, 
Enterobacter sp. JC05, and Lactococcus sp. JAL37 in the 
intestine has proteolytic, cellulolytic, and lipolytic activ-
ity. The three probiotic strains are safe because it does 
not produce changes in behavior or death in eel fish, but 
these three bacteria have low adherence to intestinal ep-
ithelial cells shortfin eel (A. bicolor bicolor). A picture of 
the number of tilapias’ gut microbial communities can be 
seen in Figure 4. Based on (Figure 4), the number of in-
testinal microbial communities in tilapia treated with pro-
biotics (A) is higher than those treated without probiotics 
(B). This shows that the application of probiotics increas-
es the diversity of the intestinal microbial community. 

The level of diversity of the good bacterial community in 
the intestine will have a good effect on fish. It has been 
found that several bacteria from the intestines of tilapia 
treated with probiotics have been found to play a role in 
feed digestion, nutrient absorption, improving the im-
mune system, and inhibiting pathogens. Therefore, be-
cause of the diversity of bacteria in the intestines of fish 
treated with probiotics, the growth of fish in the probiotic 
treatment was higher than in the treatment without pro-
biotics. Yin et al. (2019) stated that healthy and intact 
microbiota can increase disease resistance, so that loss 
of microbial diversity can cause an increase in mortality 
rates. This statement is in accordance with the results 
of research that has been carried out previously, which 
found that the survival rate of tilapia treated with probiot-
ics was higher than without probiotics. The phylogenetic 
tree (Figure 3) was created based on the Neighbor Join-
ing (NJ) algorithm. According to (Saitou & Nei, 1987), the 
Neighbor Joining (NJ) method is a grouping method used 
to create phylogenetic trees based on DNA or protein 
sequence data. The Neighbor Joining (NJ) method uses 
a distance matrix to build a tree by determining which 
members are “neighbors” through an iterative group-
ing process. Based on the phylogenetic tree (Figure 4a), 
ASVs were grouped into three groups, namely general 
ASVs, ASVs unique to the probiotic treatment, and ASVs 
unique to the treatment without probiotics. Eight com-
mon ASVs were identified in the two treatments, both giv-
en and without probiotics, including bacteria that often 
dominate in freshwater fish and play a role in anaerobic 
metabolism (Zhang et al., 2022). There were five unique 
ASVs in the treatment without probiotics, including bac-
teria often found as pathogens in fish (Das et al., 2021). 
The unique ASVs of treatment A (only found in the probi-
otic treatment) numbered 24, including bacteria that of-
ten dominate in the intestines of healthy fish with a role in 
improving fish health, feed digestibility and host growth 
(Bereded et al., 2022) and (Wang et al., 2022).

A chronic chart representing the taxonomic composition 
of all bacteria in the intestines of tilapia treated with pro-
biotics can be seen in Figure 4a. The intestines of tilapia 
that were given probiotics were dominated by Cetobac-
terium, which included the Somerae species, Phylum 
Proteobacteria, Phylum Firmicutes, Order Bacteroidales, 
and Phylum Actinobacteria. Based on the chron analysis 
(Figure 4b), it is known that the total bacteria detected 
in the treatment without probiotics was less than in the 
treatment with probiotics. In both probiotic and non-pro-
biotic treatments, the percentage of some species was 
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the highest compared to the others. According to Zhang 
et al. (2023), somerae are anaerobic bacteria that occu-
py an important ecological niche in the intestinal tract of 
freshwater fish. However, the potential function of somer-
ae is still unknown. Some species of bacteria include 
those with connections to fish, can thrive in diverse en-
vironments, and contribute to vitamin production (Merri-
field & Ringo, 2014).

Based on the gene expression analysis results (Figure 6), 
it is known that the expression of the Ghrelin gene in the 
probiotic treatment is higher than in the treatment with-
out probiotics. This correlates positively with the growth 
of fish treated with probiotics, which was better than that 
of those treated without probiotics. Therefore, the growth 
of fish treated with probiotics has been confirmed to in-
crease the expression of genes related to growth, namely 
Ghrelin. Based on the results of Muc-2 gene expression 
(Figure 6), it is known that the Muc-2 gene in the probiotic 
treatment was higher than in the treatment without pro-
biotics. This is related to previous research (Murti et al., 
2023) that found that the number of goblet cells in probi-
otic treatment was higher than in treatment without pro-
biotics. Because probiotics can stimulate goblet cells to 
activate mucin gene expression, probiotics can increase 
mucin gene expression in the intestine. This is due to the 
results of research conducted that showed that mucin 
gene expression was higher in the probiotic application 
treatment than in the treatment without probiotics.

Based on (Figure 6), the expression of genes related to 
immunity (IL-1β) is higher in probiotic treatment than in 
treatment without probiotics. This positively correlates 
with the results of previous research that applying pro-
biotics can increase tilapia’s survival (Latifah, 2023). 
Survival is related to immunity, so the expression of im-
mune genes in the intestine needs to be observed. Good 
survival is proof that probiotics have a function in improv-
ing immunity, so research is needed to check whether 
improved survival is related to improved immunity. Based 
on the results of the research carried out, the expression 
of genes related to immunity increased, so this was relat-
ed to improved survival. The increase in survival in probi-
otic treatment proves that, based on the analysis results, 
the expression of genes related to immunity (IL-1β) also 
increased. Therefore, the application of probiotics has 
a good effect on increasing immune gene expression, 
which can increase survival.

The bacteria applied in this research were Bacillus sp. 
PCP1, which has lipolytic activity. Based on the gene ex-
pression analysis related to fat transport (CD-36), CD-36 
was lower in the probiotic application treatment than in 
the treatment without probiotics. This is because in the 
gut microbiome of tilapia that were given probiotics, high 
levels of Cetobacterium bacteria were found, causing low 
expression of genes related to fat transport, apart from 
Bacillus sp. PCP1, the bacteria applied orally in this study, 
is Lactococcus sp. JAL37, which has proteolytic activity. 
Therefore, to see the effect of probiotic application, an 
analysis of the expression of genes related to protein 
transport (I-FABP) was carried out in this study. The re-
sults showed that the expression of the I-FABP gene in 
the probiotic treatment was higher than in the treatment 
without probiotics. Therefore, applying probiotics can in-
crease the expression of genes related to protein trans-
port, which will help with protein absorption and increase 

fish growth.

CONCLUSION AND RECOMMENDATION
Conclusion
The application of probiotics can increase the growth per-
formance of bacteria in the intestines, increase the ex-
pression of the Ghrelin, Muc-2, IL-1β, and I-FABP genes, 
but does not increase the expression of the CD-36 gene 
in tilapia (Oreochromis sp.) fed Maggot (Hermetia illu-
cens).

Recommendation
These findings suggest oral probiotics can help boost tila-
pia production when fed maggot black soldier fly (Herme-
tia illucens). 

AUTHOR’S CONTRIBUTION
MNL, II, and AI designed the study. MNL and FAUM car-
ried out laboratory work. MNL, SH, and II analysed the 
data. MNL and II wrote the manuscript. MM and AI review 
the manuscript. All authors read and approved the final 
version of the manuscript.

ACKNOWLEDGEMENTS
Hibah Matching Fund Kedaireka funded this research 
on fish probiotics, which was granted to II. The data pub-
lished in the present paper were part of a master’s thesis 
submitted by MNL to the Magister of Fisheries Science, 
Department of Fisheries, Faculty of Agriculture, Gadjah 
Mada University in 2024. 

REFERENCES
Aditama, T. 2022. Peningkatan Respon Kekebalan Non Spesifik dan 

Ekspresi Gen Kekebalan Kakap Putih (Lates Calcarifer) yang 
Diberi Alginat dan Multivitamin secara Oral. Skripsi. Universitas 
Gadjah Mada.

Amin, A., A. El Asely, A.S. Abd El-Naby, F. Samir, A. El-Ashram, R. 
Sudhakaran & M.A.O. Dawood. 2019. Growth performance, 
intestinal histomorphology and growth-related gene expression 
in response to dietary Ziziphus mauritiana in nile tilapia 
(Oreochromis niloticus). Aquaculture. 512: 734301. https://doi.
org/10.1016/j.aquaculture.2019.734301

Bellemain, E., T. Carlsen, C. Brochmann, E. Coissac, P. Taberlet & H. 
Kauserud. 2010. ITS as an environmental DNA barcode for 
fungi: an in sillico approach reveals potential PCR biases. BMC 
microbiology. 10:1-9. 

Bereded, N. K., G.B. Abebe, S.W. Fanta, M. Curto, H. Waidbacher, H. 
Meimberg & K.J. Domig. 2022. The gut bacterial microbiome of 
nile tilapia (Oreochromis niloticus) from lakes across an altitudinal 
gradient. BMC Microbiology. 22 (1): 1-14. https://doi.org/10.1186/
s12866-022-02496-z

Bi, S., H. Lai, D. Guo, H. Yi, H. Li, X. Liu, Q. Chen, J. Chen, Z. Zhang, X. 
Wei, G. Li, G & G. Xin. 2023. The characteristics of the intestinal 
bacterial community from Oreochromis mossambicus and its 
interaction with microbiota from artificial fishery habitats. BMC 
Ecology and Evolution. 23 (1): 1-12. https://doi.org/10.1186/
s12862-023-02120-2

Das, S. K., Kumar, S. H., Nayak, B. B., & Lekshmi, M. (2021). Isolation 
and Identification of Cronobacter spp. from Fish and Shellfish 
Sold in Retail Markets. Current Microbiology, 78(5), 1973–1980. 
https://doi.org/10.1007/s00284-021-02447-3.

Dawood, M. A. O., Eweedah, N. M., Moustafa, E. M., & Farahat, 
E. M. (2020). Probiotic effects of Aspergillus oryzae on the 



174

 Latifah et al., 2024

oxidative status, heat shock protein, and immune related gene 
expression of Nile tilapia (Oreochromis niloticus) under hypoxia 
challenge. Aquaculture, 520(July 2019), 734669. https://doi.
org/10.1016/j.aquaculture.2019.734669.

Dawood, M. A. O., Magouz, F. I., Salem, M. F. I., Elbialy, Z. I., & Abdel-
Daim, H. A. (2020). Synergetic Effects of Lactobacillus plantarum 
and β-Glucan on Digestive Enzyme Activity, Intestinal Morphology, 
Growth, Fatty Acid, and Glucose-Related Gene Expression of 
Genetically Improved Farmed Tilapia. Probiotics and Antimicrobial 
Proteins, 12(2), 389–399. https://doi.org/10.1007/s12602-
019-09552-7.

Debnath, S., & Saikia, S. K. (2021). Absorption of protein in teleosts: 
a review. Fish Physiology and Biochemistry, 47(2), 313–326. 
https://doi.org/10.1007/s10695-020-00913-6.

Dewanti, A. R., Putri, A. O., Istiqomah, I., & Isnansetyo, A. (2022). Safety, 
Adherence, Enzymatic Activities, and Application Effects of Oral 
Probiotic Candidates for Shortfin Eel (Anguilla bicolor bicolor). 
Jurnal Ilmiah Perikanan Dan Kelautan, 14(2), 203–213. https://
doi.org/10.20473/jipk.v14i2.34315.

Dewantoro, K., & Efendi, M. (2018). Beternak Maggot Black Soldier 
Fly. PT AgroMedia Pustaka. https://books.google.co.id/
books?id=mvliDwAAQBAJ&pg=PT3&hl=id&source=gbs_
toc_r&cad=3#v=onepage&q&f=false.

Dvergedal, H., Sandve, S. R., Angell, I. L., Klemetsdal, G., & Rudi, 
K. (2020). Association of gut microbiota with metabolism in 
juvenile Atlantic salmon. Microbiome, 8(1), 1–8. https://doi.
org/10.1186/s40168-020-00938-2.

Egerton, S., Culloty, S., Whooley, J., Stanton, C., & Ross, R. P. (2018). 
The gut microbiota of marine fish. Frontiers in Microbiology, 
9(MAY), 1–17. https://doi.org/10.3389/fmicb.2018.00873.

El-Kady, A. A., Magouz, F. I., Mahmoud, S. A., & Abdel-Rahim, M. M. 
(2022). The effects of some commercial probiotics as water 
additive on water quality, fish performance, blood biochemical 
parameters, expression of growth and immune-related genes, 
and histology of Nile tilapia (Oreochromis niloticus). Aquaculture, 
546(March 2021), 737249. https://doi.org/10.1016/j.
aquaculture.2021.737249.

English, G., Wanger, G., & Colombo, S. M. (2021). A review of 
advancements in black soldier fly (Hermetia illucens) production 
for dietary inclusion in salmonid feeds. Journal of Agriculture 
and Food Research, 5, 100164. https://doi.org/10.1016/j.
jafr.2021.100164.

Euanorasetr, J., Chotboonprasit, V., Ngoennamchok, W., 
Thongprathueang, S., Promprateep, A., Taweesaga, S., 
Chatsangjaroen, P., & Intra, B. (2020). Isolation and 
characterization of aerobic actinomycetes with probiotic properties 
in Nile tilapia. Journal of Applied Pharmaceutical Science, 10(9), 
40–49. https://doi.org/10.7324/JAPS.2020.10905.

Fahmi, R. M., Hem, S., & Subamia, W. (2009). Potensi Maggot Untuk 
Peningkatanpertumbuhan dan Status Kesehatan Ikan. J. Ris. 
Akuakultur, 4(2), 221–232.

Fan, Z., Ke, X., Jiang, L., Zhang, Z., Yi, M., Liu, Z., Cao, J., Lu, M., & Wang, M. 
(2024). Genomic and biochemical analysis reveals that fermented 
products of a putative novel Romboutsia species involve tilapia’s 
glycometabolism. Aquaculture, 581(August 2023), 740483. 
https://doi.org/10.1016/j.aquaculture.2023.740483.

Firmansyah, A., & Taufiq, N. (2020). Sinergi program pemberdayaan 
masyarakat berbasis lingkungan melalui inovasi maggot. Jurnal 
Resolusi Konflik, CSR, Dan Pemberdayaan, 5(1), 63–70. http://
jurnal.unsil.ac.id/index.php/jipp/article/viewFile/2620/1744.

Ghalwash, H. R., Salah, A. S., El-Nokrashy, A. M., Abozeid, A. M., Zaki, 
V. H., & Mohamed, R. A. (2021). Dietary supplementation with 

Bacillus species improves growth, intestinal histomorphology, 
innate immunity, antioxidative status and expression of 
growth and appetite-regulating genes of Nile tilapia fingerlings. 
Aquaculture Research, 53(4), 1378–1394. https://doi.org/
https://doi.org/10.1111/are.15671.

Gou, H. Z., Zhang, Y. L., Ren, L. F., Li, Z. J., & Zhang, L. (2022). How 
do intestinal probiotics restore the intestinal barrier? Frontiers 
in Microbiology, 13(July), 1–11. https://doi.org/10.3389/
fmicb.2022.929346.

Guo, P., Zhang, K., Ma, X., & He, P. (2020). Clostridium species as 
probiotics: Potentials and challenges. Journal of Animal Science 
and Biotechnology, 11(1), 1–10. https://doi.org/10.1186/
s40104-019-0402-1.

Hendam, B. M., Munir, M. B., Eissa, M. E. H., El-Haroun, E., Doan, H. 
van, Chung, T. H., & Eissa, E. S. H. (2023). Effects of water additive 
probiotic, Pediococcus acidilactici on growth performance, feed 
utilization, hematology, gene expression and disease resistance 
against Aspergillus flavus of Nile tilapia (Oreochromis niloticus). 
Animal Feed Science and Technology, 303(June), 115696. 
https://doi.org/10.1016/j.anifeedsci.2023.115696.

Hijo, T., Harumi, A., Coutinho, Perella, C., Alba-Loureiro, Carolina, T., 
Leite, M., Santos, J., Bargi-Souza, P., & Goulart-Silva, F. (2019). 
High fat diet modulates the protein content of nutrient transporters 
in the small intestine of mice: possible involvement of PKA and 
PKC activity. Heliyon, 5(10), e02611. https://doi.org/10.1016/j.
heliyon.2019.e02611.

Hu, F., Wang, S., Hu, J., Bao, Z., & Wang, M. (2024). Corrigendum 
to “Comprehensive evaluation of dietary tandem CpG 
oligodeoxynucleotides on enhancement of antioxidant capacity, 
immunological parameters, and intestinal microbiota in white 
shrimp (Litopenaeus vannamei)” [Aquaculture Volume 579 
740250, Januar. Aquaculture, 581(September 2023). https://
doi.org/10.1016/j.aquaculture.2023.740445.

Huang, Q., Sham, R. C., Deng, Y., Mao, Y., Wang, C., Zhang, T., & Leung, 
K. M. Y. (2020). Diversity of gut microbiomes in marine fishes 
is shaped by host-related factors. Molecular Ecology, 29(24), 
5019–5034. https://doi.org/10.1111/mec.15699.

Khan, M. A., Begum, R., Nielsen, R., & Hoff, A. (2021). Production 
risk, technical efficiency, and input use nexus: Lessons from 
Bangladesh aquaculture. Journal of the World Aquaculture 
Society, 52(1), 57–72. https://doi.org/10.1111/jwas.12767.

Kiela, P. R., & Ghishan, F. K. (2016). Physiology of intestinal 
absorption and secretion. Best Practice and Research: Clinical 
Gastroenterology, 30(2), 145–159. https://doi.org/10.1016/j.
bpg.2016.02.007.

Kong, J., Feng, J., & Sun, L. (2023). Evaluating the Reproducibility of 
Amplicon Sequencing Data. Microbiology Spectrum, 11(3).

Lan, C.-C., & Love, D. R. (2012).  Molecular Characterisation of Bacterial 
Community Structure along the Intestinal Tract of Zebrafish (Danio 
rerio): A Pilot Study. ISRN Microbiology, 2012, 1–10. https://doi.
org/10.5402/2012/590385.

Latifah, M. (2023). Pengaruh Aplikasi Probiotik Terhadap Pertumbuhan 
Ikan Nila (Oreochromis sp.) Yang Diberi Pakan Maggot (Hermetia 
illucens). Skripsi. Universitas Gadjah Mada. 

Li, K., Q. Zhu, F. Jiang, H. Li, J. Liu, T. Yu, Y. Du, L.Y.Z. He, & S. Hu. (2022). 
Monitoring microbial communities in intensive care units over 
one year in China. Science of the Total Environment, 811: 1-8. 
https://doi.org/10.1016/j.scitotenv.2021.152353. 

Liao, Q., Jiang, Q., Qin, Y., Jiang, Y., Wang, Z., Tang, M., Huang, L., & Shen, 
P. (2023). Improvements in the growth performance, morphology, 
gut microbiota, hepatic health, and immune response of juvenile 
tilapia (Oreochromis niloticus) fed Metschnikowia sp. GXUS03. 



175

Jurnal Perikanan Universitas Gadjah Mada 26 (2): 163-176

Aquaculture, 577(100), 739954. https://doi.org/10.1016/j.
aquaculture.2023.739954.

Liu, A., Lu, X., Ji, Z., Dong, L., Jiang, J., Tian, J., Wen, H., Xu, Z., Xu, G., & 
Jiang, M. (2023). Preliminary study to assess the impact of dietary 
rutin on growth, antioxidant capacity, and intestinal health of 
yellow catfish, Pelteobagrus fulvidraco. Animals, 13(21). https://
doi.org/10.3390/ani13213386.

Liu, C., Zhao, L. P., & Shen, Y. Q. (2021). A systematic review of 
advances in intestinal microflora of fish. Fish Physiology and 
Biochemistry, 47(6), 2041–2053. https://doi.org/10.1007/
s10695-021-01027-3.

Liu, Y., Deng, J., Tan, B., Xie, S., & Zhang, W. (2022). Effects of soluble 
and insoluble non-starch polysaccharides on growth performance, 
digestive enzyme activity, antioxidant capacity, and intestinal flora 
of juvenile genetic of improvement of farmed tilapia (Oreochromis 
niloticus). Frontiers in Marine Science, 9(May), 1–14. https://doi.
org/10.3389/fmars.2022.872577.

Liu, Y., Zhu, D., Liu, J., Sun, X., Gao, F., Duan, H., Dong, L., Wang, X., & 
Wu, C. (2023). Pediococcus pentosaceus PR-1 modulates high-
fat-died-induced alterations in gut microbiota, inflammation, and 
lipid metabolism in zebrafish. Frontiers in Nutrition, 10(1). https://
doi.org/10.3389/fnut.2023.1087703.

Lopetuso, L. R., Scaldaferri, F., Petito, V., & Gasbarrini, A. (2013). 
Commensal Clostridia: Leading players in the maintenance 
of gut homeostasis. Gut Pathogens, 5(1), 1–8. https://doi.
org/10.1186/1757-4749-5-23.

Lu, J., Li, W., Wu, Z., Jiang, S., Fei, Y., Jiao, L., Zhou, Z., & Chen, L. (2023). 
Transcriptome analysis reveals the molecular mechanisms of 
heterosis on thermal resistance in hybrid tilapia (Oreochromi 
niloticus ♀×Oreochromi aureus ♂). Aquaculture Reports, 32(April), 
101733. https://doi.org/10.1016/j.aqrep.2023.101733.

Mao, Z., Chen, Y., Cao, S., Tang, J., Qu, F., & Tao, M. (2024). Effects 
of the total fish meal replacement by plant meal on growth 
performance, nutrient utilization and intestinal microbiota of 
backcross F2 derived from blunt snout bream (Megalobrama 
amblycephala, ♀) × topmouth culter (Culter alburnus, ♂ ). 
Aquaculture Reports, 34(September 2023), 101889. https://
doi.org/10.1016/j.aqrep.2023.101889.

Marel, van derMaria, Adamek, M., Gonzalez, S. F., Frost, P., Rombout, 
J. H. W. M., Wiegertjes, G. F., Savelkoul, H. F. J., & Steinhagen, D. 
(2012). Molecular cloning and expression of two β-defensin and 
two mucin genes in common carp (Cyprinus carpio L.) and their up-
regulation after β-glucan feeding. Fish and Shellfish Immunology, 
32(3), 494–501. https://doi.org/10.1016/j.fsi.2011.12.008.

Martin, M. (2011). Cutadapt removes adapter sequences from high-
troghput sequencing reads. EMBnet jounal, 17 (1): 10-12. 

Meng, K. F., Ding, L. G., Wu, S., Wu, Z. Ben, Cheng, G. F., Zhai, X., Sun, R. 
H., & Xu, Z. (2021). Interactions between commensal microbiota 
and mucosal immunity in teleost fish during viral infection with 
svcv. Frontiers in Immunology, 12(April), 1–13. https://doi.
org/10.3389/fimmu.2021.654758.

Merrfield, D.L. & Ringo, E. (2014). Aquaculture Nutrition: Gut 
Health, Probiotics and Prebiotics. John Wiley & Sons. ISBN: 
9781118897270.

Michl, S. C., Ratten, J. M., Beyer, M., Hasler, M., La Roche, J., & Schulz, 
C. (2017). The malleable gut microbiome of juvenile rainbow 
trout (Oncorhynchus mykiss): Dietdependent shifts of bacterial 
community structures. PLoS ONE, 12(5), 1–21. https://doi.
org/10.1371/journal.pone.0177735.

Midhun, S. J., Arun, D., Neethu, S., Vysakh, A., Radhakrishnan, E. K., 
& Jyothis, M. (2019). Administration of probiotic Paenibacillus 
polymyxa HGA4C induces morphometric, enzymatic, 

and gene expression changes in Oreochromis niloticus. 
Aquaculture, 508(April), 52–59. https://doi.org/10.1016/j.
aquaculture.2019.04.061.

Mokolensang, J. F., Hariawan, M. G. V., & Manu, L. (2018). Maggot 
(Hermetia illunces) sebagai pakan alternatif pada budidaya 
ikan. E-Journal BUDIDAYA PERAIRAN, 6(3), 32–37. https://doi.
org/10.35800/bdp.6.3.2018.28126.

Murti, F. A., Latifa, N., Istiqomah, I., & Helmiati, S. (2023). Intestinal 
enzymes and lactid acid bacteria of red tilapia (Oreochromis sp.) 
fed black soldier fly (Hermetia illucens) larvae and probiotics. 
Aquacultura Indonesiana, 24(1), 20–29.

Plessis, C., Jeanne, T., Dionne, A., Vivancos, J., Droit, A., & Hogue, 
R. (2023). ASVmaker: A New Tool to Improve Taxonomic 
Identifications for Amplicon Sequencing Data. Plants, 12(21). 
https://doi.org/10.3390/plants12213678.

Poulsen, C. S., Kaas, R. S., Aarestrup, F. M., & Pamp, S. J. (2021). 
Standard sample storage conditions impact inferred microbiome 
composition and antimicrobial resistance patterns. Microbiology 
Spectrum, 9(2). https://doi.org/10.1128/spectrum.01387-21.

Putri, F. S., Hasan, Z., & Haetami, K. (2012). pengaruh pemberian 
bakteri probiotik pada pelet yang mengandung kaliandra 
(Calliandracalothyrsus) terhadap pertumbuhan benihikan nila 
(Oreochromis niloticus). Jurnal Perikanan Dan Kelautan ISSN, 
3(4), 283–291.

Qiang, J., Wasipe, A., He, J., Tao, Y. F., Xu, P., Bao, J. W., Chen, D. ju, 
& Zhu, J. H. (2019). Dietary vitamin E deficiency inhibits fat 
metabolism, antioxidant capacity, and immune regulation of 
inflammatory response in genetically improved farmed tilapia 
(GIFT, Oreochromis niloticus) fingerlings following Streptococcus 
iniae infection. Fish and Shellfish Immunology, 92(February), 
395–404. https://doi.org/10.1016/j.fsi.2019.06.026.

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a new 
method for reconstructing phylogenetic trees. Molecular Biology 
and Evolution, 4(4), 406–425. https://doi.org/10.1093/
oxfordjournals.molbev.a040454.

Schalla, M. A., & Stengel, A. (2020). Effects of microbiome changes 
on endocrine ghrelin signaling – A systematic review. 
Peptides, 133(July), 170388. https://doi.org/10.1016/j.
peptides.2020.170388.

Schmittgen, T.D., & Livak, K.J. (2008). Analyzing real-time PCR data by the 
Comparative CT method. Nature Protocols 3, 1101–1108.

Shater, A. F., AlGabbani, Q., Mohammedsaleh, Z. M., Saleh, F. M., 
AbouLaila, M., Noreldin, A. E., Raza, S. H. A., Ullah, H., Khan, R., 
& Menshawy, S. (2022). Expression of immune-related genes 
in parasite-infected Tilapia nilotica (Oreochromis niloticus) from 
Egypt and molecular characterization of the parasites. Gene 
Reports, 26(October 2021), 101451. https://doi.org/10.1016/j.
genrep.2021.101451.

Sourav, B. (2023). Apa itu Ekspresi Gen? – Definisi, Tahapan, 
Pentingnya. Microbiologynote.Com. https://microbiologynote.
com/id/tahap-ekspresi-gen-pentingnya-regulasi/.

Sukkarun, P., Kitiyodom, S., Yostawornkul, J., Chaiin, P., Yata, 
T., Rodkhum, C., Boonrungsiman, S., & Pirarat, N. (2022). 
Chitosan-polymer-based nanovaccine is a promising immersion 
vaccine against the Aeromonas veronii challenge in red tilapia 
(Oreochromis sp.). Fish and Shellfish Immunology, 129(August), 
30–35. https://doi.org/10.1016/j.fsi.2022.08.035.

Sutarni, P. A., Herawati, E., & Budiharjo, A. (2021). Prevalensi 
endoparasit dan gambaran histopatologi intestinum pada ikan 
nila, Oreochromis niloticus (Linnaeus, 1758) di kolam budidaya 
di Desa Janti, Kecamatan Polanharjo, Kabupaten Klaten. Jurnal 
Iktiologi Indonesia, 21(1), 1–10.



ISSN: 2502-5066 (Online)
ISSN: 0853-6384 (Print)JURNAL PERIKANAN

UNIVERSITAS GADJAH MADA
Terakreditasi Ristekdikti No: 158/E/KPT/2021

176

 Latifah et al., 2024

How to cite this article 	 Latifah, M.N., F.A.U. Murti, S. Helmiati, N. Ismail, H. Syakuri, I. Istiqomah, M. Murwantoko & A. Isnansetyo. 2024. Modulation of gut microbiota, nutrient 
transport gene expression, and growth of red hybrid tilapia (Oreochromis sp.) fed with black soldier fly (Hermetia illucens) by oral probiotics. Jurnal Perikanan Universitas Gadjah 
Mada. 26 (2): 163-176.  https://doi.org/10.22146/jfs.95268

Suyanto, R. (2011). Pembenihan & Pembesaran Nila. Penebar 
Swadaya. Bogor. 

Tabassum, T., Sofi Uddin Mahamud, A. G. M., Acharjee, T. K., Hassan, 
R., Akter Snigdha, T., Islam, T., Alam, R., Khoiam, M. U., Akter, 
F., Azad, M. R., Al Mahamud, M. A., Ahmed, G. U., & Rahman, 
T. (2021). Probiotic supplementations improve growth, water 
quality, hematology, gut microbiota and intestinal morphology 
of Nile tilapia. Aquaculture Reports, 21, 100972. https://doi.
org/10.1016/j.aqrep.2021.100972.

Talwar, C., Nagar, S., Lal, R., & Negi, R. K. (2018). Fish Gut Microbiome: 
Current Approaches and Future Perspectives. Indian Journal 
of Microbiology, 58(4), 397–414. https://doi.org/10.1007/
s12088-018-0760-y.

Thomas, A., Konteles, S. J., Ouzounis, S., Papatheodorou, S., Tsakni, 
A., Houhoula, D., & Tsironi, T. (2023). Bacterial community in 
response to packaging conditions in farmed gilthead seabream. 
Aquaculture and Fisheries, 8(4), 410–421. https://doi.
org/10.1016/j.aaf.2021.09.002.

Viver, T., Ruiz, A., Bertomeu, E., Martorell-Barceló, M., Urdiain, M., 
Grau, A., Signaroli, M., Barcelo-Serra, M., Aspillaga, E., Pons, 
A., Rodgers, C., Gisbert, E., Furones, D., Alós, J., Catalán, I. A., & 
Rossello-Mora, R. (2023). Food determines ephemerous and 
non-stable gut microbiome communities in juvenile wild and 
farmed Mediterranean fish. Science of the Total Environment, 
889(March). https://doi.org/10.1016/j.scitotenv.2023.164080.

Wang, A., Meng, D., Hao, Q., Xia, R., Zhang, Q., Ran, C., Yang, Y., Li, D., 
Liu, W., Zhang, Z., & Zhou, Z. (2022). Effect of supplementation 
of solid-state fermentation product of Bacillus subtilis HGcc-1 
to high-fat diet on growth, hepatic lipid metabolism, epidermal 
mucus, gut and liver health and gut microbiota of zebrafish. 
Aquaculture, 560(January), 738542. https://doi.org/10.1016/j.
aquaculture.2022.738542.

Wang, M., Fan, Z., Zhang, Z., Yi, M., Liu, Z., Ke, X., Gao, F., Cao, J., & 
Lu, M. (2022). Effects of diet on the gut microbial communities 
of nile tilapia (Oreochromis niloticus) across their different life 
stages. Frontiers in Marine Science, 9(June), 1–11. https://doi.
org/10.3389/fmars.2022.926132.

Wang, S. X., Zhang, J. Y., Du, X. K., Liu, D. J., Liu, L. X., & Shen, X. H. 
(2022). Comparative analysis of the intestinal microbiota in 
goldfish and crucian carps between different aquaponics and 
traditional farming. Aquaculture Reports, 25(July), 101240. 
https://doi.org/10.1016/j.aqrep.2022.101240.

Wang, T., Zhou, N., He, J., Hao, Z., Zhou, C., Du, Y., Du, Z., Su, X., & 
Zhang, M. (2023). Xylanase improves the intestinal barrier 
function of Nile tilapia (Oreochromis niloticus) fed with soybean 
(Glycine max) meal. Journal of Animal Science and Biotechnology, 
14(1), 1–15. https://doi.org/10.1186/s40104-023-00883-8.

Wang, X., Zhang, R., Liu, L., Ma, G., & Zhu, H. (2021). An IL-1β 
homologue induced inflammation and antibacterial immune 
defense in Siberian sturgeon (Acipenser baeri). Fish and Shellfish 
Immunology, 118(July), 283–293. https://doi.org/10.1016/j.
fsi.2021.08.030.

Wu, J., Liu, M., Zhou, M., Wu, L., Yang, H., Huang, L., & Chen, C. (2021). 
Isolation and genomic characterization of five novel strains of 
Erysipelotrichaceae from commercial pigs. BMC Microbiology, 
21(1), 1–12. https://doi.org/10.1186/s12866-021-02193-3.

Wu, Z., Zhang, Q., Lin, Y., Hao, J., Wang, S., Zhang, J., & Li, A. (2021). 
Taxonomic and functional characteristics of the gill and 
gastrointestinal microbiota and its correlation with intestinal 
metabolites in new gift strain of farmed adult nile tilapia 
(Oreochromis niloticus). Microorganisms, 9(3), 1–25. https://doi.
org/10.3390/microorganisms9030617.

www.21food.com. Food & Beverage Online. https://www.21food.
com/products/ifresh-i-frozen-red-itilapia-i-2156176.html

Xia, Y., M. Wang, F. Gao, M. Lu, G. Chen. (2020). Effects of dietary 
probiotic supplementation on the growth, gut health and disease 
resistance of juvenile Nile tilapia (Oreochromis niloticus). Animal 
Nutrition, 6 (1), 69-79. 

Xia, Y., Yu, E. M., Lu, M., & Xie, J. (2020). Effects of probiotic 
supplementation on gut microbiota as well as metabolite 
profiles within Nile tilapia, Oreochromis niloticus. Aquaculture, 
527(February), 735428. https://doi.org/10.1016/j.
aquaculture.2020.735428.

Yang, C., Jiang, M., Lu, X., & Wen, H. (2021). Effects of dietary 
protein level on the gut microbiome and nutrient metabolism 
in tilapia (Oreochromis niloticus). Animals, 11(4). https://doi.
org/10.3390/ani11041024.

Yang, L., Liu, M., Zhao, M., Zhi, S., Zhang, W., Qu, L., Xiong, J., 
Yan, X., Qin, C., Nie, G., & Wang, S. (2023). Dietary bile acid 
supplementation could regulate the glucose, lipid metabolism, 
and microbiota of Common Carp (Cyprinus carpio L.) fed with 
a high-lipid diet. Aquaculture Nutrition, 2023. https://doi.
org/10.1155/2023/9953927.

Yin, L., Y.D. Wan, X.T. Pan, C.Y. Zhou, N. Lin, C.T. Ma, J. Yao, Z. Su, 
C. Wan, Y.W. Yu & R.X. Zhu. 2019. Association between gut 
bacterial diversity and mortality in septic shock patients: A cohort 
study. Medical Science Monitor. 25: 7376-7382. https://doi.
org/10.12659/MSM.916808

Yukgehnaish, K., P. Kumar, P. Sivachandran, K. Marimuthu, A. Arshad, 
B.A. Paray & J. Arockiaraj. 2020. Gut microbiota metagenomics 
in aquaculture: Factors influencing gut microbiome and its 
physiological role in fish. Reviews in Aquaculture. 12 (3): 1903-
1927. https://doi.org/10.1111/raq.12416

Zhang, C., L. Hu, J. Hao, W. Cai, M. Qin, Q. Gao, M. Nie, D. Qi & R. 
Ma. 2023. Effects of plant-derived protein and rapeseed oil on 
growth performance and gut microbiomes in rainbow trout. BMC 
Microbiology. 23 (1): 1-14. https://doi.org/10.1186/s12866-023-
02998-4

Zhang, W., Y. Yu, H. He, X. Lv, Z. Liu & L. Ni. 2022. The Adhesion and 
spoilage of Shewanella putrefaciens in tilapia. Foods. 11 (13). 
https://doi.org/10.3390/foods11131913

Zhang, Y., X. Qi, Z. Zhang, Z. Jin, G. Wang & F. Ling. 2023. Effects 
of dietary Cetobacterium somerae on the intestinal health, 
immune parameters and resistance against Nocardia seriolae 
of largemouth bass, Micropterus salmoides. Fish and Shellfish 
Immunology. 135 (23): 1-10. https://doi.org/10.1016/j.
fsi.2023.108693

Zhang, Z., Z. Fan, M. Yi, Z. Liu, X. Ke, F. Gao, J. Cao, M. Wang, G. Chen 
& M. Lu. 2022. Characterization of the core gut microbiota of 
Nile tilapia (Oreochromis niloticus): indication of a putative novel 
Cetobacterium species and analysis of its potential function on 
nutrition. Archives of Microbiology. 204 (12): 1-12. https://doi.
org/10.1007/s00203-022-03301-1

Zheng, Y., W. Wu, G. Hu, L. Qiu, S. Meng, C. Song, L. Fan, Z. Zhao, X. Bing 
& J. Chen. 2018. Gut microbiota analysis of juvenile genetically 
improved farmed tilapia (Oreochromis niloticus) by dietary 
supplementation of different resveratrol concentrations. Fish and 
Shellfish Immunology. 77: 200-207. https://doi.org/10.1016/j.
fsi.2018.03.040


