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INTRODUCTION

Currently, the use of antibiotics as a growth promoter 
is restricted or banned due to its residue effects in In-

donesia since 1st January 2018 (Livestock and Health Law, 
2014). Probiotics is defined as the living microorganisms 
when it is administered in adequate amount may have a 
health beneficial effect to the host. It can be an emerging 
alternative to increase livestock productivity (FAO/WHO, 
2002). Some safety characteristics that must be owned 
by probiotics to be used in animal feed, e.g., non-toxic, 
non-pathogenic, have accurate taxonomic identification, 
survive in targeted sites, can survive, and colonize, and 
produce antimicrobial compounds (Ahasan et al., 2015). 

Lactic Acid Bacteria (LAB) is one of the most frequent-
ly used microorganisms as probiotics. Lactic acid bacteria 
capable to produce different inhibitory compounds such as 
bacteriocins, organic acids as lactic acid, hydrogen perox-
ide, diacetyl, and carbon dioxide (Saiz et al., 2019).

Black soldier fly (BSF) is reported to have antimicrobial 
peptides (AMP) which are bacteriocidal, as antibacterial 
activity (Park et al., 2014). In addition, BSF larvae are well 
known to have the high lauric acid and chitin functioned 
as a natural antimicrobial agent and immune response en-
hancer, respectively (Kim and Rhee, 2016; Bovera et al., 
2016). It has been reported that BSF larvae can kill about 
99.96% of the pathogenic bacteria Staphylococcus aureus 
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(gram-positive bacteria) and 99.94% of the pathogenic 
bacteria E. coli (Astuti and Komalasari, 2020). The LAB 
isolated from the digestive tract of BSF larvae can inhibit 
E. coli pathogenic bacteria (Astuti and Wiryawan, 2022). 
LAB is potentially used as probiotics in young ruminant, 
which could reduce the incidence of diarrhea, improve 
weight gain, and feed efficiency (Astuti and Wiryawan, 
2022; Shehta et al., 2019).
 
The BSF larvae can convert chicken manure into a more 
useful and sustainable product. Chicken manure has a low 
C/N ration, high moisture content and pathogens, phyto-
toxic compounds, and an unpleasant odor (Bortolini et al., 
2020). The use of palm kernel meal (PKM) as the main 
live substrate has been proven to have resulted in high BSF 
larvae production. Moreover, the PKM substrate may in-
crease the protein content of BSF larvae due to the ade-
quacy of the nutrient and water content needed for BSF 
life needs (Syahrizal et al., 2022).

This study aimed to identify, and molecularly characterized 
LAB isolated from the digestive tract of BSF larvae reared 
on chicken manure and palm kernel meal as substrates. The 
LAB isolates molecularly identified using the 16S rRNA 
gene sequencing. The phylogenetic relationships, predic-
tion of active carbohydrate enzymes, and types of second-
ary metabolite were also studied. 

MATERIALS AND METHODS

iSolAtioN ANd morphologicAl ideNtiFicAtioN oF 
lAB
Black soldier fly larvae were isolated from larvae reared on 
broiler chicken manure (14 days old) and palm kernel meal 
(16 days old). All the samples were obtained from PT Bio 
Cycle Indo, Riau, Indonesia. Isolation of LAB from BSF 
larvae was carried out by collecting 0.1 mg of the liquid 
sample by pressing the stomach of 11 BSF larvae. The se-
rial dilutions were prepared in 9 mL of 0.85% NaCl solu-
tion and 0.1 mL of aliquots of 10-7 dilution was plated on 
de Man, Rogosa, and Sharpe Agar (MRS Agar) medium 
(Merck KGaA, Germany) into a petri dish. After anaer-
obic incubation at 41oC for 72 hours, the single colonies 
of LAB were picked and streaked on the surface of MRS 
Agar medium then incubated at 41oC for 48 hours to ob-
tain pure cultures. The selected colonies were regrown and 
propagated on MRS Broth medium (Merck KGaA, Ger-
many). After that, the pH of the medium was measured 
using pH meter (Mediatech, China) in the following way: 
digital pH meter was entered in the medium to obtain 
medium pH. Morphological identification including the 
shape, color, and diameter of the colony was determined 
according to Liu et al. (2012). The gram stain test was de-
termined following Tripathi and Sapra (2021).

ANtimicroBiAl Activity 
The antimicrobial activity was tested towards pathogenic 
bacteria, Escherichia coli ATCC 8739 and Salmonella typh-
imurium b11 669 by following Klose et al. (2010).  Briefly, 
the pathogenic bacteria were incubated for 14 hours and 1 
mL (10-7 – 10-8 CFU mL-1) was transferred into 20 mL of 
Nutrient Agar (Becton, Dickinson, and Company, United 
States). The agar wells were prepared using sterile pipette 
tips with a diameter of 7 mm. Each well was filled with 
50 µL of LAB cultures and was incubated at 41oC for 24 
hours. Antimicrobial activity was characterized by a clear 
zone indicating inhibition against pathogenic bacteria. 
Then, a clear zone diameter was measured using a ruler. 
According to Morales et al. (2003), inhibitory zone activity 
grouped 4 categories by weak (diameter < 5 mm), medium 
(diameter 5 – 10 mm), strong (diameter >10 – 20 mm), and 
very strong (diameter > 20 – 30 mm).

hemolySiS Activity teSt
The hemolysis activity was assessed by LAB colonies 
streaked into a plate containing 15 mL of blood agar me-
dium (Merck KGaA, Germany), then incubated at 37oC 
for 48 hours anaerobically. The Staphylococcus aureus ATCC 
6538 was used as a positive control. Hemolysis activity 
was characterized from the growing colonies, if there was 
a clear zone around the colony, it showed a positive beta 
hemolysis reactio (Thakkar et al., 2015).

16S rrNA SequeNce homology ANd moleculAr 
phylogeNy ANAlySiS
Total bacterial genomic DNA was extracted by the Pres-
toTM mini gDNA Bacteria Kit (Geneaid Biotech, Ltd., Tai-
wan). The purification of DNA was performed if the DNA 
ratio was less than 1.8. All genome extracts had a value 
of genome comparison absorbance 260/280 about 2.01 – 
2.09 (Supplementary file 1). The purification results are 
used in the process of DNA amplification using PCR. The 
16S rRNA gene was amplified from the genomic DNA 
using DNA primers encoding 16S rRNA, namely 27F (5’ 
AGA GTT TGA TCM TGG CTC AG 3’) and 1492R 
(5’ GGT TAC CTT GTT ACG ACT T 3’) (Zhang et al., 
2007) in Genetica Analyzer (ABI PRISM 3730xl Genet-
ic Analyzer develop by Applied Biosystems, USA). PCR 
was performed by reacting with 25 µL My Taq HS Red 
Mix (Meridian Life Science Inc., USA), 2 µL primer (10 
pmol), DNA template 100 ng, and sterile aquabidest in a 
final volume of 50 µL. Genomic DNA quality was tested 
using electrophoresis with 0.8% agarose gel and sequenced 
with an automated sequencer with a specific primer using 
the facility at PT Genetika Science Indonesia (Tangerang, 
Indonesia). The gene obtain a single band located at 1500 
bp (Supplementary file 2).

The molecular phylogenetic constructed using software 
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MEGA version 11.0 (Penn State University) by compar-
ing the DNA sequences with the sequences available at 
http://www.ncbi.nm.nih.gov/Genbank. BLAST result 
taken top 10 from these isolates. The 16S rRNA sequences 
were aligned using the clustal X alignment and saved as 
MEGA format using MEGA 11.0 The data were directly 
used to build the phylogenetic tree based on the MEGA 
11.0 to describe the branch length between sequences iso-
lates and blast sequences result. The genome of the clos-
est phylogenetic relationship was mapped to the dbCAN 
database (https://cys.bios.niu.edu/dbCAN2) to identify 
the predicted active carbohydrate enzymes and identified 
the type of secondary metabolite through antiSMASH 
(https://antismash.secondarymetabolites.org/#!/start). 

groWth curve oF lActic Acid BActeriA 
The growth curve of lactic acid bacteria was measured 
by optical density (OD) every 4 hours for 24 hours. The 
OD measurement started with the regrown LAB culture 
in MRS broth medium, then the OD was measured for 
each isolate using a spectrophotometer (LaMotteTM Smart 
SpectroTM 2000-02, Washington Ave, United States) at a 
wavelength of 620 nm. The OD value is obtained using the 
following formula.

OD = 2 – log %T

which represents the logarithm value (log) of percentage 
transmittance (T).

StAtiSticAl ANAlySiS
Parameter of medium pH and LAB isolates antimicrobial 
activity against pathogenic bacteria from BSF larvae reared 
on chicken manure and palm kernel meal substrates was 
analyzed by T-test. Data were presented as the means ± 
SD using IBM SPSS 25.0 (SPSS Inc., Chicago, IL, USA).

RESULTS 

morphologicAl chArActerizAtioN oF lAB 
iSolAteS From BSF lArvAe 
A total of 5 isolates of LAB from BSF larvae in chicken 
manure substrate and 3 isolates from BSF larvae in palm 
kernel meal substrate were selected. A comparison of LAB 
colonies from BSF larvae in chicken manure and palm ker-
nel meal substrates can be seen in Figure 1. There are two 
colonies color of LAB isolates of BSF larvae in chicken 
manure and palm kernel meal substrates, i.e., yellowish 
white and milky white (Table 1). Both substrates, showed 
the same colonies color. Moreover, the diameter of LAB 
isolate colonies varied between 1.25 to 3.43 mm. 

The isolates were incubated for 24 hours to measure of pH. 
After 24-hour incubation, the pH value of the inoculation 

Figure 1: Morphology identification of LAB isolates. a) 
Isolate A2. b) Isolate A3. c) Isolate A4. d) Isolate A5. e) 
Isolate A6. f ) Isolate B1. g) Isolate B2. h) Isolate B3.

Figure 2: Gram staining of LAB isolates. a) Isolate A4. b) 
Isolate B1

medium decreased from 6.5 (initial pH) into a ranged of 
4.34 to 4.6 (LAB isolates from BSF larvae reared on chick-
en manure substrate) and 4.1 to 4.4 (LAB isolates from 
BSF larvae reared on palm kernel meal substrate) (Table 
1). The LAB isolates from BSF larvae reared on chicken 
manure and palm kernel meal substrates showed no differ-
ent (p value  0.496) in pH of medium. 

The gram-stained results showed purple color and cocci 
form (Figure 2) indicates the gram-positive bacteria char-
acteristics. The gram-positive bacteria were characterized 
by cocci (round) or bacillus (rod) shaped (Tripathi and 
Sapra, 2021).  

http://www.ncbi.nm.nih.gov/Genbank 
https://cys.bios.niu.edu/dbCAN2 
https://antismash.secondarymetabolites.org/#!/start 
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Table 1: Comparison of phenotype characteristics of LAB isolated from BSF in chicken manure and palm kernel cake 
substrates
Substrate Chicken manure substrate Palm kernel meal substrate
Characteristics A2 A3 A4 A5 A6 Average B1 B2 B3 Average p 
Color Yellowish 

white
Yellowish 
white

Milky 
white

Yellow-
ish white

Yellowish 
white

Yellowish 
white

Yellow-
ish white

Milky 
white

Diameter 
(mm)

1.94 1.62 3.43 2,24 1.41 1.25 2.32 2.93

pH 4.60 4.34 4.34 4.50 4.50 4.43 ± 
0.15

4.10 4.34 4.40 4.28 ± 
0.16

0.
496

p were presented by T-test (P > 0.05)
 
Table 2: Comparison of the diameter of inhibitory zone against pathogenic bacteria and hemolysis activity of LAB 
isolated from BSF in chicken manure and palm kernel cake substrates
Substrate Chicken manure Palm kernel meal p
Parameter A2 A3 A4 A5 A6 Average B1 B2 B3 Average
Inhibitory zone
E. coli 9.57 14.83 10.13 10.20 9.33 10.81 ± 2.35 15.33 9.67 9.73 11.58 ± 3.03 0.968
S. typhimurium 9.07 9.98 9.10 9.60 7.90 9.13 ± 1.04 9.23 9.66 8.26 9.06 ± 0.91 0.433
Hemolysis activity No No No No No No No No

p were presented by T-test (P > 0.05)

 Table 3: Top 10 of BLAST by sequence which are analyzed for molecular identification
No isolate Description Per. Ident (%) Accession
A3 Enterococcus faecalis strain S1-4-5 16S ribosomal RNA gene, partial sequence 99.90 MT509943.1

Enterococcus faecalis strain G1-6-15 16S ribosomal RNA gene, partial sequence 99.90 MT509898.1
Enterococcus faecalis strain PBA_120 16S ribosomal RNA gene, partial sequence 99.90 MT484114.1
Bacterium strain J44FV 16S ribosomal RNA gene, partial sequence 99.90 MT425056.1
Bacterium strain J34MR 16S ribosomal RNA gene, partial sequence 99.90 MT424970.1
Bacterium strain J29FV 16S ribosomal RNA gene, partial sequence 99.90 MT424956.1
Enterococcus faecalis strain SM30 16S ribosomal RNA gene, partial sequence 99.90 MT356185.1
Enterococcus faecalis strain SM29 16S ribosomal RNA gene, partial sequence 99.90 MT356184.1
Enterococcus faecalis strain DUT1805 16S ribosomal RNA gene, partial se-
quence

99.90 MN880256.1

Enterococcus faecalis strain JM102 16S ribosomal RNA gene, partial sequence 99.90 MN758862.1
A4 Enterococcus faecalis strain SM30 16S ribosomal RNA gene, partial sequence 99.79 MT356185.1

Enterococcus faecalis strain SM29 16S ribosomal RNA gene, partial sequence 99.79 MT356184.1
Enterococcus faecalis strain DUT1805 16S ribosomal RNA gene, partial se-
quence

99.79 MN880256.1

Enterococcus faecalis strain FDAARGOS_528 chromosome, complete genome 99.79 CP033787.1

Enterococcus faecalis strain YN771 16S ribosomal RNA gene, partial sequence 99.79 MH919370.1

Enterococcus faecalis strain DL1505 16S ribosomal RNA gene, partial sequence 99.79 MG736061.1

Enterococcus faecalis strain SI 16S ribosomal RNA gene, partial sequence 99.79 KX527572.1

Enterococcus faecalis strain NS2 chromosome, complete genome 99.79 CP078162.1

Enterococcus faecalis isolate 27688_1#342 genome assembly_chromosome: 1 99.79 LR962850.1

Enterococcus faecalis isolate 28157_4#42 genome assembly_chromosome: 1 99.79 LR962843.1

https://www.ncbi.nlm.nih.gov/nucleotide/MT509943.1?report=genbank&log$=nucltop&blast_rank=1&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT509898.1?report=genbank&log$=nucltop&blast_rank=2&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT484114.1?report=genbank&log$=nucltop&blast_rank=3&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT425056.1?report=genbank&log$=nucltop&blast_rank=4&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT424970.1?report=genbank&log$=nucltop&blast_rank=5&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT424956.1?report=genbank&log$=nucltop&blast_rank=6&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT356185.1?report=genbank&log$=nucltop&blast_rank=7&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT356184.1?report=genbank&log$=nucltop&blast_rank=8&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MN880256.1?report=genbank&log$=nucltop&blast_rank=9&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MN758862.1?report=genbank&log$=nucltop&blast_rank=10&RID=2M23FD5501R
https://www.ncbi.nlm.nih.gov/nucleotide/MT356185.1?report=genbank&log$=nucltop&blast_rank=1&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/MT356184.1?report=genbank&log$=nucltop&blast_rank=2&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/MN880256.1?report=genbank&log$=nucltop&blast_rank=3&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/CP033787.1?report=genbank&log$=nucltop&blast_rank=4&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/MH919370.1?report=genbank&log$=nucltop&blast_rank=5&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/MG736061.1?report=genbank&log$=nucltop&blast_rank=6&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/KX527572.1?report=genbank&log$=nucltop&blast_rank=7&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/CP078162.1?report=genbank&log$=nucltop&blast_rank=8&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/LR962850.1?report=genbank&log$=nucltop&blast_rank=9&RID=0J90MNYK013
https://www.ncbi.nlm.nih.gov/nucleotide/LR962843.1?report=genbank&log$=nucltop&blast_rank=10&RID=0J90MNYK013
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B1 Enterococcus faecalis strain SM30 16S ribosomal RNA gene, partial sequence 100 MT356185.1
Enterococcus faecalis strain SM29 16S ribosomal RNA gene, partial sequence 100 MT356184.1
Enterococcus faecalis strain FDAARGOS_528 chromosome, complete genome 100 CP033787.1
Enterococcus faecalis strain Y533 16S ribosomal RNA gene, partial sequence 100 MZ323922.1
Enterococcus faecalis strain NS2 chromosome, complete genome 100 CP078162.1
Enterococcus faecalis strain DUT1805 16S ribosomal RNA gene, partial se-
quence

100 MN880256.1

Enterococcus faecalis strain YN771 16S ribosomal RNA gene, partial sequence 100 MH919370.1
Bacterium strain Glm16 16S ribosomal RNA gene, partial sequence 100 MH569446.1
Enterococcus faecalis strain DL1505 16S ribosomal RNA gene, partial sequence 100 MG736061.1
Bacterium JNMFL L5 16S ribosomal RNA gene, partial sequence 100 KM401459.1

ANtimicroBiAl Activity
Our study revealed that all isolates showed antimicrobial 
activity against E. coli and S. typhimurium (Table 2). This 
study showed no different (p value > 0.05) in inhibition 
zone of LAB isolates from BSF larvae reared on chick-
en manure and palm kernel meal substrates against E. 
coli and S. typhimurium. The zone of inhibition against E. 
coli formed from LAB isolates from BSF larvae reared on 
chicken manure substrate ranged from 9.33 to 14.83 mm, 
while LAB isolates from BSF larvae reared on palm kernel 
meal substrate ranged from 9.67 to 15.33 mm. Thus, all 
LAB isolates in inhibiting E. coli are categorized as medi-
um to strong. The zone of inhibition LAB isolates against 
S. typhimurium from BSF larvae reared on chicken manure 
substrate ranged from 7.90 to 9.98 mm, while LAB iso-
lates from BSF larvae reared on palm kernel meal substrate 
ranged from 8.26 to 9.66 mm. Thus, all LAB isolates in 
inhibiting S. typhimurium are categorized as medium. 

Figure 3: Hemolysis activity of all isolates. c; Positive 
control (Staphylococcus aureus). A3; isolate A3. A4; isolate 
A4. A5; isolate A5. B1; isolate B1. B2; isolate B2.

hemolySiS Activity
The evaluation of hemolysis activity is a primary safety 
assessment which also one of the prerequisite criteria for 
probiotics to be used in animal feed (Saiz et al., 2019). In 
our study, there was no zone formed around the LAB col-
ony (Figure 3). 

moleculAr ideNtiFicAtioN uSiNg 16S rrNA 
SequeNce
Among all the isolates, we selected candidates with wide 

inhibition zone against pathogenic bacteria (E. coli) for 
molecular identification. Two isolates (A3 and A4) from 
BSF larvae reared on chicken manure substrate and one 
isolate (B1) from BSF larvae reared on palm kernel meal 
substrate were selected. The BLAST results showed that 
three isolates from chicken manure and palm kernel meal 
exhibit a similarity index to 99.90% (A3), 99.79% (A4), 
and 100% (B1) to Enterococcus faecalis (Table 3). 

Based on the sequence analysis, we constructed the phy-
logenetic tree analysis using the MEGA 11.0. The phy-
logenetic tree may construct the strains relationship and 
estimate the differences that occur from one ancestor to 
the descendants (Lin et al., 2016). The phylogenetic tree 
showed that the A3 and B1 isolates have a close relation-
ship (Figure 4). In addition, the A3 was affiliated with 
Enterococcus faecalis strain SM29. Isolate B1 was close to 
Enterococcus faecalis isolate 28157 and Enterococcus faeca-
lis isolate 27688 with bootstrap value of 62. However, A4 
isolate was close to outgroup species, which is Bacterium 
JNMFL L5.

Figure 4: Phylogenetic tree of three isolates (A3, A4, and 
B1). 

ideNtiFicAtioN oF predicted cArBohydrAte 
Active eNzymeS
The genome was mapped to the dbCAN database via CA

https://www.ncbi.nlm.nih.gov/nucleotide/MT356185.1?report=genbank&log$=nucltop&blast_rank=1&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MT356184.1?report=genbank&log$=nucltop&blast_rank=2&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/CP033787.1?report=genbank&log$=nucltop&blast_rank=3&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MZ323922.1?report=genbank&log$=nucltop&blast_rank=5&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/CP078162.1?report=genbank&log$=nucltop&blast_rank=4&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MN880256.1?report=genbank&log$=nucltop&blast_rank=6&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MH919370.1?report=genbank&log$=nucltop&blast_rank=7&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MH569446.1?report=genbank&log$=nucltop&blast_rank=8&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/MG736061.1?report=genbank&log$=nucltop&blast_rank=9&RID=07NJXVXP016
https://www.ncbi.nlm.nih.gov/nucleotide/KM401459.1?report=genbank&log$=nucltop&blast_rank=10&RID=07NJXVXP016
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Table 4: List of predicted carbohydrate-active enzyme BLAST complete genome of of Enterococcus faecalis FDAARGOS 
528
ID Gen HMMER Activities Total
CP033787.1_1065 Glycoside Hydrolase 

Family 1
β-glucosidase; β-galactosidase; β-mannosidase; β-glucuronidase; 
β-xylosidase; β-D-fucosidase; phlorizin hydrolase; exo-β-1,4-
glucanase; 6-phospho-β-galactosidase; 6-phospho-β-glucosidase; 
strictosidine β-glucosidase; lactase; amygdalin β-glucosidase; prunasin 
β-glucosidase; vicianin hydrolase; raucaffricine β-glucosidase; 
thioglucosidase; β-primeverosidase; isoflavonoid 7-O-β-apiosyl-β-
glucosidase; ABA-specific β-glucosidase; DIMBOA β-glucosidase; 
β-glycosidase; hydroxyisourate hydrolase; β-rutinosidase /α-L-
rhamnose-(1,6)-β-D-glucosidase; protodioscin 26-O-Î²-D-glucosidase

24

CP033787.1_1076 Glycoside Hydrolase 
Family 65

α,α-trehalase; maltose phosphorylase; trehalose phosphorylase; ko-
jibiose phosphorylase; trehalose-6-phosphate phosphorylase; nigerose 
phosphorylase; 3-O-α-glucopyranosyl-L-rhamnose phosphorylase; 
1,2-α-glucosylglycerol phosphorylase; α-glucosyl-1,2-β-galacto-
syl-L-hydroxylysine α-glucosidase; 1,3-α-oligoglucan phosphorylase; 
α-1,2-glucosidase; α-glucan phosphorylase 

12

CP033787.1_1183 Glycoside Hydrolase 
Family 31

α-glucosidase; α-galactosidase; α-mannosidase; α-1,3-glucosidase; su-
crase-isomaltase; α-xylosidase; α-glucan lyase; isomaltosyltransferase; 
oligosaccharide α-1,4-glucosyltransferase; α-N-acetylgalactosamini-
dase; sulfoquinovosidase; α-6-glucosyltransferase 

12

CP033787.1_1187 Glycoside Hydrolase 
Family 31

α-glucosidase; α-galactosidase; α-mannosidase; α-1,3-glucosidase; su-
crase-isomaltase; α-xylosidase; α-glucan lyase; isomaltosyltransferase; 
oligosaccharide α-1,4-glucosyltransferase; α-N-acetylgalactosamini-
dase; sulfoquinovosidase; α-6-glucosyltransferase 

12

CP033787.1_1188 Glycoside Hydrolase 
Family 13/Subf 31

Hexosyltransferases; oligosaccharide a-4-glucosyltransferase; palati-
nase; [retaining] a-amylase; [retaining] oligo-a-1,6-glucosidase; a-glu-
cosidase; glucodextranase; [retaining] isomaltulose synthase / sucrose 
isomerase / sucrose glucosylmutase 

8

Table 5: List of predicted carbohydrate-active enzyme BLAST complete genome of Enterococcus faecalis 27688
ID Gen HMMER Activities Total
LR962850.1_104 Glycoside Hydrolase 

Family 20
β-hexosaminidase; Lacto-N-biosidase; β-1,6-N-acetylglucosami-
nidase; β-6-SO3_N-acetylglucosaminidase

4

LR962850.1_1095 GlycosylTransferase 
Family 51

Murein polymerase 1

LR962850.1_1185 Carbohydrate Esterase 
Family 7

Acetyl xylan esterase; Cephalosporin-C deacetylase 2

LR962850.1_1187 Glycoside Hydrolase 
Family 3

β-glucosidase; Xylan 1,4- β-xylosidase; β-glucosylceramidase; 
β-N-acetylhexosaminidase; α-L-arabinofuranosidase ; Glucan 
1,4- β--glucosidase; Isoprimeverose-producing oligoxyloglu-
can hydrolase; Coniferin β-glucosidase; Exo-1,3-1,4-glucanase; 
β-N-acetylglucosaminide phosphorylase; β-1,2-glucosidase; 
β-1,3-glucosidase; Xyloglucan-specific exo- β-1,4-glucanase; 
Stevioside- β-1,2-glucosidase; Lichenase; Protodioscin 26-O- 
β-D-glucosidase

15

LR962850.1_1188 Glycoside Hydrolase 
Family 94

Cellobiose phosphorylase; Laminaribiose phosphorylase; Cello-
dextrin phosphorylase; Chitobiose phosphorylase; Cellobionic 
acid phosphorylase; β-1,2-oligoglucan phosphorylase; 4-O- β-D-
glucosyl-D-galactose phosphorylase

7

Zyme annotation to identify predicted carbohydrate-ac-
tive enzymes. In this study, the identification used the 
complete genome sequence in FASTA format from the 
bacteria with the closest phylogenetic relationship. The 

closest relationship of A4 and B1 were Enterococcus faecalis 
FDAARGOS 528 and Enterococcus faecalis 27688, respec-
tively. The A3 was not further identified because there are 
no bacteria with complete genome sequence on the top 

https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021093139&gene=CP033787.1_1065
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021093525&gene=CP033787.1_1076
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021093525&gene=CP033787.1_1183
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021093525&gene=CP033787.1_1187
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021093525&gene=CP033787.1_1188
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021001620&gene=LR962850.1_104
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021001620&gene=LR962850.1_1095
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021001620&gene=LR962850.1_1185
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021001620&gene=LR962850.1_1187
https://bcb.unl.edu/dbCAN2/domain.php?jobid=2022021001620&gene=LR962850.1_1188
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10 BLAST result. The results of five predicted carbohy-
drate-active enzymes of Enterococcus faecalis FDAARGOS 
528 are Glycoside Hydrolase Family 1, Glycoside Hydro-
lase Family 65, Glycoside Hydrolase Family 31, Glycoside 
Hydrolase Family 31, and Glycoside Hydrolase Family 31/
Subf 31 (Table 4). Whereas, the results of five predicted 
carbohydrate-active enzymes of Enterococcus faecalis 27688 
are Glycoside Hydrolase Family 20, Glycosyltransferase 
Family 51, Carbohydrate Esterase Family 7, Glycoside 
Hydrolase Family 3, and Glycoside Hydrolase Family 94 
(Table 5).

ideNtiFicAtioN oF SecoNdAry metABolite typeS
In this study, the prediction of secondary metabolite types 
of isolates was using the complete genome sequence of 
bacteria with the closest phylogenetic relationship, i.e. En-
terococcus faecalis FDAARGOS 528 and Enterococcus faeca-
lis 27688. This study predicts that the A4 have secondary 
metabolite type is Lanthipeptide-class II, while the B1 is 
cyclic-lactone-autoinducer (Table 6). 

Table 6: Identification of secondary metabolite types
Spesies Accesion ID Secondary 

Metabolite 
Type

Similarity

Enterococcus 
faecalis strain 
FDAAR-
GOS_528

CP033787.1 Lanthipep-
tide-class-II

100%

Enterococcus 
faecalis 27688

LR962850.1 Cyclic-lac-
tone-autoin-
ducer

100%

Figure 5: Growth curves of three isolates were determined 
by OD value for 24 hours every 4 hours. (a) Isolate A3. (b) 
Isolate A4. (c) Isolate B1.

groWth oF lActic Acid BActeriA
The growth of LAB was determined by checking the 
optical density of the LAB cultures for 24 hours every 4 
hours visualized by the LAB growth curve. The adaptation 
phase of three isolates (A3, A4, and B1) were between 0 

– 4 hours (Figure 5). The logarithmic phase of these iso-
lates started after 4 hours to 16 hours, which showed the 
significant growth of cells, whereas the isolate B1 was at 
12 – 16 hours. The stationary phase occurred at 16 hours 
(Figure 5). 

DISCUSSION

Morphological identification includes color and diameter 
of LAB colonies. The diameter of LAB colonies is indi-
cated by the presence of a clear zone around the colony. 
The clear zone indicated calcium lactate formation which 
is produced form organic acids (e.g. lactic acid and acetic 
acid) as the main products of LAB with CaCO3 (Calcium 
carbonate) (Putri et al., 2020). The pH plays an impor-
tant role in acid production in LAB. The pH decrease after 
LAB is inoculated resulted from the accumulation of lactic 
acid from LAB metabolism during the fermentation pro-
cess (Liptakova et al., 2017). 

Gram staining test can represent one of the characteris-
tics of LAB. This study showed the LAB is gram-positive 
bacteria. Lactic acid bacteria are Gram‐positive, non‐spor-
ulating, non‐pigmented and non‐motile rods and coc-
ci, most of which are non‐respiring but aerotolerant an-
aerobes (Liptakova et al., 2017). Gram positive bacteria 
commonly used as a probiotic. According to Cross et al. 
(2004), the vast majority of immunomodulatory probiotic 
are gram positive bacteria. Probiotics have been shown to 
play a protective role by directly competing with intesti-
nal pathogens through the release antibacterial substances 
(Behnsen et al., 2013). Thus, all isolates were morpholog-
ically identified as having a clear zone around the colony, 
produce acid, and are gram-positive bacteria.

Antimicrobial activity of probiotics is of prime importance 
to control pathogenic microorganisms. The main compo-
nent produced by LAB, organic acids, can reduce the pH 
value and change the environment into a growth medium 
that is not suitable for the development of some pathogen-
ic bacteria and food contamination (Reis et al., 2012). Pro-
biotics from Enterococcus faecalis adhere to intestinal cells 
and produce antimicrobial substances (Kim et al., 2017). It 
can be concluded that all isolates have antimicrobial activ-
ity which is the primary criteria of probiotics. 

Hemolysis activity is considered a bacterial safety test for 
probiotic candidates. The clear zone formed is a sign of 
hemolysin. It is proteins that can be identified based on 
their lysis ability to break down red blood cells in vitro. 
Some hemolysins are toxins in pore forms, which can break 
cells membranes and kill the host cells (Haenen, 2017). 
All isolates in our study showed no hemolysis activity, thus 
characterized them as harmless bacteria.
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The 16S rRNA gene results of selected isolates (A3, A4, 
and B1) were Enterococcus faecalis. Enterococcus faecalis is 
a species of Enterococcus genus that have been studied as 
probiotics (Adnan et al., 2017). Such probiotics are ad-
ministered to treat diarrhea, antibiotic-associated diarrhea 
or irritable bowel syndrome, to lower cholesterol levels to 
improve host immunity (Franz et al., 2011). Enterococcus 
strains can survive, compete, and adhere to host cells in the 
GIT, an important feature for the successful use a probiot-
ic, as a normal inhabitant of the gut (Laukova et al., 2017). 
Furthermore, the killing ability of bacteriocins produced 
by Enterococcus strains in considered a successful strategy 
for maintaining the population and reducing the numbers 
of competitors (Yang et al., 2014). 

Identification of predicted carbohydrate active enzymes 
can be used to predict the enzyme activity of carbohydrate 
enzyme groups; conserved sequence motifs are function-
ally important (Busk and Lange, 2013). In the lactic acid 
fermentation process, LAB uses glucose as a carbon source 
to produce pyruvate through glycolysis and then produces 
lactic acid under the action of lactate dehydrogenase (Wang 
et al., 2021). Glycoside hydrolases are a group of enzymes 
that hydrolyse glycosidic bonds between two or more 
carbohydrates or between carbohydrates and non-carbo-
hydrate. Generally, the hydrolysis of glycosidic bonds is 
catalysed by two amino acid residues of the enzyme, i.e., 
a common acid (donor/proton) and a nucleophile/base 
(Davies and Henrissat, 1995). Glycosyltransferases are 
involved in the biosynthesis of disaccharides oligosaccha-
rides, and polysaccharides. Glycosyltransferase is an en-
zyme that catalyzes the transfer of a sugar moiety from an 
activated donor molecule to a specific acceptor molecule by 
forming a glycosidic bond (Sinnot, 1990). Carbohydrate 
esterase catalyze the de-O or de-N-acylation of substitut-
ed saccharides. There are two classes of carbohydrate ester-
ase substrates, namely sugars acting as acids, such as pectin 
methyl esters, and sugars acting as alcohols such as xylan 
acetate. Therefore, our study suggests isolates A4 and B1 
can produce Glycoside Hydrolase, Glycosyl Transferase, 
and Carbohydrate Esterase enzymes.  

Secondary metabolites produced by bacteria and fungi are 
important source of antimicrobials and other bioactive 
compounds (Blin et al., 2019). According to Repka et al. 
(2017), Lanthipeptides are synthesized in ribosome and 
post-translationally modified peptides (RiPPs) that display 
a wide variety of biological activities, from antimicrobial to 
antiallodynic. Lanthipeptides is one group of bacteriocins 
that display antimicrobial activity called lantibiotics (lan-
thionine-containing lantibiotic group) (Chen et al., 1999). 
This is revealed by Almeida-Santos et al. (2021), that En-
terococcus faecalis produces enterocins, one of the enterocins 
from lantibiotics, or can be called lanthipeptide as antimi-

crobial. It is known that the enterocin of this lantibiotic 
is very highly in killing gram-positive pathogenic bacteria 
(Cotter et al., 2013).

Cyclic lactone autoinducer, is autoinducing peptides that 
involved in intercellular communication in Gram positive 
bacteria. Autoinducing peptides involved in the produc-
tion of class II antimicrobials proteins (also known as bac-
teriocins) and genetic competence are linear peptides. A 
specific type of modification is found in the autoinducing 
peptides that are involved in Enterococcus faecalis, where 
the peptides contain, respectively, a cyclic thiolactone or 
cyclic lactone (Sturme et al., 2002). Our study concludes 
that isolate A4 and B1 may produce lanthipeptide class II 
and cyclic lactone autoinducer are needed as antimicrobial 
activity.

The growth curve of LAB is important to determine the 
optimum production time of LAB. Growth curve com-
posed of four distinct phases of growth: the lag or adaption 
phase, the exponential or logarithmic phase, the stationary 
phase, and the death or decline phase. The lag phase is an 
adaption period, where the bacteria are adjusting to their 
new conditions. Typically, cells in the lag period are ad-
justing to environmental changes such as changes in tem-
perature, pH, or oxygen availability. Logarithmic phase is 
marked by predictable doublings of the population, where 
1 cell become 2 cells, becomes 4, etc. Cells in optimum 
condition will result in very rapid growth. Stationary 
phase is a point the number of new cells being produced 
is equal to the number of cells dying off or growth has 
entirely ceased, resulting in a flattening out of growth on 
the growth curve (Bruslind, 2021). The LAB population 
of three isolates: A3, A4, and B1 in stationary phase (16 
hours incubation) are 7.82 Log CFU mL-1, 7.35 Log CFU 
mL-1, and 7.55 Log CFU mL-1, respectively. The LAB 
population of isolate A3 is higher than other isolates. Thus, 
it may affect to the higher inhibition zone in reduction 
pathogenic bacteria.

CONCLUSIONS

In conclusion, eight isolates potential LAB were success-
fully isolated from BSF larvae reared on chicken manure (5 
isolates) and palm kernel meal (3 isolates) substrates. Iso-
lates have a pH ranging from 4.34 to 4.6 (from BSF larvae 
reared on chicken manure substrate) and 4.1 to 4.4 (from 
BSF larvae reared on palm kernel meal substrate). All iso-
lates had inhibition zones against pathogenic bacteria (E. 
coli and S. typhimurium) and showed no hemolysis activity. 
Isolates A3, A4, and B1 are potential candidates for pro-
biotic which molecularly identified as Enterococcus faecalis. 
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