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ABSTRACT— The production of fishery products in the city of Sorong, was recorded at 44,710 tons in 2017,
one of which was smoked skipjack tuna. The smoking of fish is done through the process of salting, and
providing smoke. The purpose of smoking is to prevent damage to fish due to the process of decreasing water
content. The unique characteristics of smoked fish are caused by the presence of volatile compounds that are
easily vaporized and trapped in the fish flesh. The smoking process in fish affects the physical, chemical,
microbiological and organoleptic properties of the product. The objective of this study was to determine the
microbiological quality of smoked fish and to identify bacteria molecularly in smoked skipjack tuna in the
market. The method used in this study is a descriptive method to describe the total plate count of microbes,
examination of E. coli and Salmonella, as well as molecular identification of bacteria found in smoked skipjack
tuna in market. The results showed that all samples indicated the presence of microbial TPC, examination
results of E. coli and Salmonella were declared not to exceed the maximum limit according to Indonesian
national standards. As for molecular identification, it was found that sample Ca.1 was identified as Bacillus
thuringiensis BD17-E12, sample Ca.2 was identified as Bacillus cereus MD152, and sample Ca.3 was
identified as Bacillus thuringiensis ucsc27.
KEYWORDS: Microbiological Quality, Bacteria Identification, Smoked Skipjack.
1. INTRODUCTION
Fish is an animal food that is widely consumed by the people of Indonesia because fish has a high nutritional
content such as protein, fat, minerals and vitamins. These nutrients are needed by humans. The production of
fishery products in the city of Sorong, West Papua, was recorded at 44,710 tons in 2017, one of which is
smoked skipjack tuna [1]. The smoking of fish is carried out through the process of salting, drying, and
providing sap. The purpose of smoking is to prevent fish damage due to the process of decreasing the water
content of the product [2]. Some of the advantages of smoked fish products made traditionally include
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producing attractive colors, as well as distinctive textures and flavors [3].
The unique characteristics of smoked fish are caused by the presence of volatile compounds that easily
evaporate and are trapped in the fish flesh [4- 6]. The smoking process in fish affects the physical, chemical,
microbiological and organoleptic properties of the product. The physical, chemical, organoleptic, and
microbiological properties of smoked fish products are influenced by raw materials, such as the use of fresh
or frozen fish [7].
The principle of smoking for food preservation is to reduce the water content of a product. High water content
in a product can spoil in a short time. This is caused by spoilage microorganisms such as bacteria and fungi.
Through the smoking process, there will be a decrease in the water content so that microorganisms cannot
grow [8]. During the smoking process, an oxygen-free environment is also formed so that aerobic bacteria
cannot grow [9], [10].
In addition to reducing the water content of smoked fish products, the smoking process also gives unique
characteristics to fish, including a distinctive aroma and taste. The smoke produced from firewood during
combustion is a group of compounds such as water, aldehydes, acetic acid, ketones, alcohol, formic acid,
phenol, and CO2. These compounds enter and are trapped in the fish meat so as to create the distinctive aroma
and taste of smoked fish [11], [12].
A study on smoked fish including smoked tuna loin produced in Air Manis Hamlet, Laha Village was declared
to meet the microbiological quality requirements according to standart national Indonesia [13], with a total
microbe of 8.5x101 CFU/g and no pathogenic microbes such as E. coli or Salmonella were detected, and the
water content of smoked tuna loin was 59% and with a pH of 5.8 [14].
Another study reported that smoked skipjack tuna sold in the traditional market had the Total Plate Count
(TPC) of the three samples observed, sample one was 135×106 CFU/g, sample 2 was 13×106 CFU/g, while
sample 3 is 275×106 CFU/g. In addition, there was also Vibrio cholera in sample 1 which was 140×101, sample
2 was 90×101 CFU/g, and sample 3 was 190×101 CFU/g while the examination result of Staphylococcus
aureus in sample 1 was 6×106 CFU/g, sample 2 could not be calculated and sample 3 was 56×10 6 CFU/g [15].
The results of this study have passed the Indonesian National Standard [13] while the results of the
examination of Salmonella typhi and Escherichia coli did not show colony growth on the media [15].
Furthermore, according [16] in their research, smoked tuna did not find Salmonella, yet found Staphylococcus
aereus with an average colony number of 3.5x104 CFU/g. Based on the background description, it is necessary
to identify bacteria at the molecular level in smoked skipjack tuna products. Previous studies have never
identified pathogenic bacteria in smoked fish products at the molecular level, but only limited to growing
bacteria on selective media. The objective of this study was to determine the microbiological quality and to
identify bacteria molecularly in smoked skipjack tuna in the market, West Papua.
2. Material and Methods
2.1 Research design
The study was carried out from April to December 2021 at the Laboratory of the Faculty of Fisheries,
Muhammadiyah University of Sorong and the Biology Laboratory of Bengkulu University. Samples of
smoked skipjack tuna were taken from the market, West Papua. Sampling was done randomly at three different
points, and was repeated three times.
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The method used is a descriptive method, which includes a total microbial plate count test using the pour
method using Nutrient Agar (NA) media, the coliform test using the three-tube series technique as an
presumptive test using Lactose broth (LB) media, while the confirmed test using the medium eosin methylene
blue agar (EMBA) and Salmonella test using Salmonella shigella agar (SSA) media. Furthermore, molecular
identification was carried out using the PCR-colony technique.
2.2 Isolation of Genomic DNA of Bacterial Isolates [17]
A total of 1.5 mL of bacterial culture was centrifuged at 8000 rpm for 10 minutes, then the pellet was washed
with STE buffer (0.3 M sucrose; 25 mM Tris-HCL; 25 mM EDTA.2Na pH 8), then centrifuged at 8000 rpm
for 10 minutes. Pellets were washed 3 times repeatedly. The pellets were added with 200 L of STE buffer and
45 L of lysozyme (20 mg/mL) and then incubated at 55 ºC for 1 hour to form protoplasts.
A total of 20 L proteinase-K (20 mg/mL) was added to the mixture and incubated at 55 ºC for 60 minutes.
Then 400 L 10% CTAB was added in a solution of 0.7 M NaCl then incubated at 65 ºC for 30 minutes and
put into a phenol:chloroform solution (25:24), then centrifuged at 12000 rpm for 10 minutes. The clear phase
was put into a new tube and added 0.6 times the volume of isopropanol and 20 L of sodium acetate, then
incubated at -20 ºC for one night. Then it was centrifuged at 12000 rpm for 10 minutes. The pellets were
washed using 1 mL of alcohol 70%. The DNA was dried for 1 hour and then dissolved in 50 L sterile ddH2O,
then the results of DNA isolation was stored at 4 C or -20ºC.
16S rRNA Gene Amplification of Bacterial Isolates
The 16S rRNA gene from genomic DNA was amplified by a Polymerase Chain Reaction (PCR) machine
using a prokaryotic-specific primer [18], namely the forward primer 63f (5′-CAG GCC TAA CAC ATG CAA
GTC-3′) and reverse primer 1387r. (5′-GGG CGG WGT GTA CAA GGC-3′). The PCR conditions used were
pre-denaturation, denaturation, annealing, elongation and post-PCR with a total of 30 cycles. Separation of
PCR product DNA using 1% agarose at 75 volts for 45 minutes. DNA visualization was performed on a UV
transluminator.
Data Sequencing and Analysis
Data resulted from the sequencing were then trimmed and assembled using the ChromasPro version 1.5
program. The data were performed with BLAST to genomic data that have been registered by NCBI/ National
Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST/). The data were reanalyzed by
aligning the sequences using the MEGA 5.0 program and a phlogenetic tree construction was carried out to
show the degree of relatedness between isolate Xyl_22 with actinomycetes and other non-catinomycetic
microbes using the Naighbor Joining Tree method with 1000 replicates boostrap.
3. Results
The results of the microbial total plate count (TPC) test and the examination of E. coli on 3 samples of smoked
skipjack tuna that were examined with 3 times of data collection showed that the average number of total
microbial plate counts did not exceed the maximum standard limit according to the Indonesian National
Standard [13], as well as for the results of the E. coli examination (Table 1). Meanwhile, the morphological
characteristics, from color to shape, show similar characteristics.
Table 1. The results of the total plate count (TPC), examination of E. coli, examination of Salmonella on
smoked skipjack tuna products at the Remu market, Sorong City
First Week
Sampel
TPC (CFU/g)
E. coli Examination
Salmonella Examination
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Presumptive
(MPN/g)
3
3
3

Test

Conformed
Test (MPN/g)
0
0
0

Ca.1.1
2.88 x 103
0
3
Ca.1.2
7.20 x 10
0
Ca.1.3
1.84 x 104
0
Second Week
Ca.2.1
2.0 x 102
6.1
0
0
3
Ca.2.2
4.5 x 10
6.1
0
0
Ca.2.3
2.4 x 104
6.1
0
0
Third Week
Ca.3.1
2.3 x 102
3
0
0
3
Ca.3.2
1.5x 10
3
0
0
Ca.3.3
3.6 x 104
3
0
0
Note: The Indonesian National Standards for smoked fish products are: maximum TPC 5x10 5 CFU/g,
maximum E. coli is < 3 MPN/g, and Salmonella is negative or 0.
Genome amplification of smoked skipjack tuna samples by PCR method using primers 63f and 1387r resulted
in DNA fragments measuring about 1300 bp (Figure 1).

Figure 1. PCR amplification of the 16S rRNA gene using primers 63f and primers 1387r; M = marker 1 Kb
ladder; lane 1-3 = PCR product of isolate Ca.1, Ca.2, and Ca.3
3.1 The sequence of the 16S rRNA gene of Isolate Ca.1
TGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATAC
CGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGAT
GGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAG
GCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACC
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TTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
TGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGT
GAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGG
AAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAA
GGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGA
TACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTG
CTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCT
TACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGA
CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGTGACAACCG
GAGGAAGGGGGGATGACGTCAATCATCATGCCCCTTATGAC
Table 2. The results of the alignment of the 16S rRNA gene sequences of isolate Ca.1 to the data available
at NCBI (BLASTX)
Isolate
Accession
Description
Identity
E value
Code
Number
HF584771.1
99.73 %
0.00
Bacillus thuringiensis partial 16S rRNA
gene, isolate BD17-E12
MK648334.1
Bacillus cereus strain 1.4PT6 16S ribosomal 99.73 %
0.00
Isolate
RNA gene, partial sequence
Ca.1
MT605498.1
Bacillus pacificus strain WS1-1 16S 99.64 %
0.00
ribosomal RNA gene, partial sequence
MT372153.1
Bacillus manliponensis strain YEBN5 16S 98.64 %
0.00
ribosomal RNA gene, partial sequence
3.2 The sequence of the 16S rRNA gene of Isolate Ca.2
GGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTT
CGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGTGAGGTAACGGCTCACCAAG
GCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACG
CCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAG
TTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTG
GTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGA
CTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGA
GGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGC
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAG
GGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCA
AGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCG
AAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCT
CCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGG
TGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGAC
CTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTA
ATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCG
CTAGT
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Table 3. The results of the alignment of the 16S rRNA gene sequences of isolate Ca.2 to the data available
at NCBI (BLASTX)
Isolate
Accession
Description
Identity
E value
Code
Number
MT642947.1
99.83 %
0.00
Bacillus cereus strain MD152 16S
ribosomal RNA gene, partial
sequence
Kultur
MT611943.1
Bacillus tropicus strain ISP161A 16S 99.83 %
0.00
Isolat
ribosomal RNA gene, partial sequence
Ca.2
MW741611.1
Bacillus albus strain ASSF01 16S 99.83 %
0.00
ribosomal RNA gene, partial sequence
MW405818.1
Bacillus paranthracis strain YBT2 16S 99.83 %
0.00
ribosomal RNA gene, partial sequence.
3.3 The sequence of the 16S rRNA gene of Isolate Ca.3
AAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTG
AGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA
AAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTA
GGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGG
CGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGG
GTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTG
AAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACAC
TGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACG
ATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCG
CCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAAA
ACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGC
TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCA
TTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAACCGGAGGAAGGTGGGATGACGTCAATC
ATCATGCCCCTTATGACTGGGCTACCACGTGCTACATGGACGTACAAGAACTGCAGAACGCCA
GGTGGA
Table 4. The results of the alignment of the 16S rRNA gene sequences of isolate Ca.3 to the data available
at NCBI (BLASTX)
Isolate
Accession
Description
Identity
E value
Code
Number
FN667913.1
99.26 %
0.00
Bacillus thuringiensis partial 16S rRNA
gene, strain ucsc27
Isolate
MT256061.1
Bacillus wiedmannii strain B16-2 16S 99.17%
0.00
Ca.3
ribosomal RNA gene, partial sequence
MK648334.1
MW642047.1

Bacillus cereus strain 1.4PT6 16S ribosomal
RNA gene, partial sequence
Bacillus tropicus strain WHS116 16S
ribosomal RNA gene, partial sequence

99.25 %

0.00

99.16 %

0.00
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MT372153.1 Bacillus manliponensis strain YEBN5 16S-RNA
MZ292401.1 Bacillus subtilis strain B7 16S-RNA
HF584771.1 Bacillus thuringiensis isolate BD17-E12 16S-RNA
isolate Ca.3
MW494625.1 Bacillus proteolyticus strain proteolytica 16S-RNA
MW793449.1 Bacillus paranthracis strain ROA202 16S-RNA
MT605498.1 Bacillus pacificus strain WS1-1 16S-RNA
KF054891.1 Bacillus thuringiensis strain IARI-IIWP-38 16S-RNA
Isolate Ca.1
MK648334.1 Bacillus cereus strain 1.4PT6 16S-RNA
MT256061.1 Bacillus wiedmannii strain B16-2 16S-RNA
MT642947.1 Bacillus cereus strain MD152 16S-RNA
MW405818.1 Bacillus paranthracis strain YBT2 16S-RNA
Isolate Ca.2
MT704509.1 Bacillus paramycoides strain FCV B5 16S-RNA
MT649755.1 Bacillus velezensis strain XC1 16S 16S-RNA
MT645306.1 Bacillus siamensis strain LRM10-3D 16S-RNA
MT579842.1 Bacillus amyloliquefaciens strain WS3-1 16S-RNA
MF678874.1 Staphylococcus condimenti strain DSM 11674 16S-RNA
MT409929.1 Staphylococcus carnosus strain LS370 16S-RNA
MT225666.1Streptomyces rochei strain 190311L252 16S-RNA
MH021966.1 Streptomyces enissocaesilis strain SFA1 16S-RNA
MF594133.1Vibrio harveyi strain 2216E-S-92 16S-RNA
KY124167.1 Aeromonas media strain PT178 16S-RNA
KJ157321.1 Aeromonas caviae strain w1 16S-RNA

0.02

Figure 2. Phylogenetic tree depicting the relatedness of isolate Ca.1, Ca.2, and Ca.3 to other bacteria in one
clade and to other clades (outer group). The construction is based on the Neighbor Joining Tree method with
a bootstap value of 1000x replications.
4. Discussion
Based on the results of the study, it showed that the total microbial plate count in the first week for sample
Ca.1.1, sample Ca.1.2, and sample ca.1.3 had a total microbial plate count (TPC) of 2.88x10 3 CFU/g, 7.2x103
CFU/g, and 1.8x104 CFU/g, respectively. Meanwhile, the E. coli and Salmonella examinations for the three
samples from the first week to the third week were 0 or negative (Table 1).
Then in the second week, the total microbial plate count (TPC) in the Ca.2.1 sample was 2.0x10 2 CFU/g, the
Ca.2.2 sample was 4.5x103 CFU/g, and the Ca.2.3 sample was 2.3x102 CFU/g (Table 1). The results of
observations in the third week for sample Ca.3.1 was 2.3x102 CFU/g, sample Ca.3.2 was 1.5x103 CFU/g, and
sample Ca.3.3 was 3.6x104 CFU/g. while the E. coli examination for all these samples was 0 MPN/g.
Meanwhile, all samples from the first week to the third week showed similar morphological characteristics,
including white colony color, convex elevation, smooth margin, and rod shape (Table 1).
According to the observation results of the microbial total plate count (TPC) and the examination of E. coli
and Salmonella, it can be stated that all samples observed did not exceed the maximum standard limit [13].
Contamination of pathogenic microbes in processed fish products can be caused by several factors, such as
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raw materials are not in fresh condition, the total number of microbes in the initial conditions has exceeded
the maximum limit, unhygienic processing processes such as washing water contaminated by pathogenic
bacteria, non-standardized packaging, unhygienic product sales place, product distribution is not in
accordance with operational standards, product storage duration, and environmental factors including high
humidity and temperature. While the identification of bacteria found in smoked skipjack tuna to the genetic
level was carried out on one sample as a representative for each week. This was done because the colony
characteristics for each sample were similar.
As for molecular identification, PCR amplification for sample Ca.1, sample Ca.2 and sample Ca.3 showed a
band size of 1,320 bp. This is in accordance with the primary size used (Figure 1). Furthermore, the results of
sequencing and construction of phylogenetic trees showed that sample Ca.1 was identified as Bacillus
thuringiensis partial 16S rRNA gene isolate BD17-E12 (Table 2; Figure 2), sample Ca.2 was identified as
Bacillus cereus strain MD152 16S ribosomal RNA gene partial sequence (Table 3; Figure 2), and sample Ca.3
was identified as Bacillus thuringiensis partial 16S rRNA gene strain ucsc27 (Table 4; Figure 2).
Bacillus thuringiensis is a Gram-positive, rod-shaped, facultative aerobic species of bacteria and is widely
distributed in various countries [19]. Several studies have shown that Bacillus thuringiensis is one of the safe
and recommended biological controllers for mosquito control. B. thuringiensis can form spores and has the
ability to form protein crystals that are toxic to insects [20], [21]. B. thuringiensis has the potential as a
biopesticide and bioinsecticide in eradicating mosquito larvae [22], [23]. B. thuringiensis can also be used as
a biodegradation material for colored plastic waste [24]. These bacteria have a wider environmental coverage
because of their facultative aerobic nature [25]. Therefore, it is possible that B. thuringiensis is also present in
smoked skipjack tuna products. In addition, B. Thuringiensis has the ability to fix non-symbiotic nitrogen
around the roots of rice plants [26] so that these bacteria have the potential as biofertilizers. B. thuringiensis
can also be used as a biocontrol agent against tobacco plants [27]. However, stated that B. thuringiensis is a
food-borne disease [28].
B. thuringiensis is also found in lettuce, kimbap, and spinach sold in South Korea [29]. Bacillus thuringiensis
is commonly detected in soil. These bacteria have very similar genotypes and phenotypes. B. thuringiensis
and B. cereus are also frequently found in food. The presence of B. thuringiensis is often found in food
products because it is known that B. thuringiensis is used as a biopesticide in the cultivation of certain plants.
In addition to biopesticides, they are also often used as bioinsecticides [30]. Several previous studies have
also reported that B. thuringiensis has been detected in foods such as milk, fresh fruits and seeds [31].
Furthermore, Bacillus cereus is a rod-shaped bacterium, and is commonly found in some food retailers in
Nigeria [32]. B. cereus is a bacterial pathogen that causes foodborne desease. Foodborne diseases caused by
B. cereus are generally triggered by emetic toxins, where these toxins can cause vomiting in sufferers. In
addition, there are also enterotoxins that cause diarrhea. Furthermore, there is also cytotoxin K (CytK). The
expression of B. cereus toxins Hb1, Nhe, and CytK is regulated by the quorum-sensing PlcR system. B. Cereus
is able to produce spores under extreme conditions. B. cereus spores are an important factor contributing to
foodborne desease. Spores of B. cereus are more hydrophobic than spores of Bacillus spp. thus the ability to
stick to several types of surface is greater. However, foodborne desease caused by B. cereus has relatively
mild symptoms with a shorter duration [33], [34].
Vomiting and diarrhea caused by B. cereus releases cereulide peptides and protein enterotoxins such as
hemolysin BL, nonhemolytic enterotoxin, and K cytotoxin. Furthermore, B. cereus is also a foodborne
pathogen and causative agent of non-gastrointestinal infections and nosocomial complications [35].
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According to the report of Agata [36] in their research, the production of emetic toxin (cereulide) caused by
B. cereus in food samples indicated by food poisoning, may cause vomiting ranging from 0.01 to 1.28 g/g.
In addition, the emetic type strain B. cereus NC7401 was inoculated into various food products and then
incubated for 24 hours at 30 °C and 35 °C. The results showed that B. cereus rapidly increased to 107–108
CFU/g and produced an emetic toxin. Furthermore, low levels of emetic toxins according to the results of
their research are found in eggs, meat, liquid foods including milk and soy milk. Meanwhile, bacterial growth
and toxin production are inhibited in foods that are processed using mayonnaise, vinegar, and sauces. This
can occur due to a decrease in pH by acetic acid [36]. B. cereus is the second risk factor for foodborne diseases
in fresh agricultural products, while bacterial contamination of B. cereus is one of the main problems in
vegetables [37].
Bacterial contamination in smoked fish is influenced by environmental factors, conditions after smoked fish
are processed, stored carelessly in baskets both during processing and selling, and the absence of air exchange,
thus causing humid conditions. In humid conditions, pathogenic bacteria have a very high growth ability [38],
[39]. Bacterial growth can also occur when the fish is processed, during the storage process and distribution
to consumers, besides the seller also does not pay attention to the sanitation and hygiene of the product [40].
Preserving fish by smoking can reduce bacterial growth [41]. However, the possibility of contamination with
pathogenic bacteria can still occur during and after the processing. The presence of pathogenic bacteria in fish
or the metabolic products of these bacteria can cause health problems in the form of poisoning in the form of
intoxication and infection [42]. The main causes of contamination include processing procedures, distribution,
and sales in unhygienic markets [43]. In addition, the product packaging process also affects the bacteria found
in smoked fish [44]. It is known that human hands are a source of bacterial contamination from wounds or
skin infections so that processed foods are very closely related to humans who handle them [45].
The microbiological quality of smoked skipjack tuna at the market, West Papua shows that the total plate
count (TPC) of microbes, E. coli and Salmonella stated for all samples observed did not exceed the maximum
limit and was in accordance with the Indonesian National Standard. While molecular identification showed
that sample Ca.1 was identified as Bacillus thuringiensis partial 16S rRNA gene isolate BD17-E12, sample
Ca.2 was identified as Bacillus cereus strain MD152 16S ribosomal RNA gene partial sequence, and sample
Ca.3 was identified as Bacillus thuringiensis partial 16S. rRNA gene strain ucsc27.
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