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Abstract. Mahulette F. 2023. Microbiological and chemical characteristics of porkfish inasua, traditional fish fermented from Maluku,
Indonesia. Biodiversitas 25: 1-8. Porkfish inasua consisted of two types, i.e., with and without coconut sap. The research aimed to
analyze the microbiological and chemical characteristics of two types of porkfish inasua. The microbiological characteristics are used to
determine the role of microbes and product safety whereas the chemical characteristics, including proximate composition, amino acids,
and fatty acids contents can determine the nutritional value for consumption. The sample of porkfish inasua was taken from traditional
producers in Layeni, Teon, Nila, and Serua (TNS) Islands, Maluku, Indonesia. The microbiological analysis was done using the plate
count method. From the measurement, the total number of halotolerant and coliform bacterial in porkfish inasua without sap were 6.2
log cfu/g and 6.1 log cfu/g, respectively. In comparison, the total of Bacillus and related genera in porkfish inasua with sap was 5.9 log
cfu/g at the end of fermentation. The fat content of both types of inasua was around 17%. The total amino acids and fatty acids contents
of porkfish inasua without sap at the end of fermentation were 15.31 and 57.08%, while porkfish inasua with sap were 15.85 and
63.81%, respectively. The dominant bacteria found in porkfish inasua without sap was Staphylococcus saprophyticus, while porkfish
inasua with sap was Bacillus cereus. These two bacteria play a role in fermentation so porkfish inasua was safe for consumption.
Generally, chemical characteristics of porkfish inasua with sap were better than those of porkfish inasua without sap, but statistically, it

was not significantly different. This research can improve the quality of porkfish inasua as local fermented fish products in Maluku.
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INTRODUCTION

Ruvettus tydemani Weber (porkfish) is an oilfish from
the Gempylidae family found in tropical and sub-tropical
seas (Jawad et al. 2018). Consumption of this fish causes
oily diarrhea (keriorrhea), so the commercialization of
porkfish is prohibited or requires warning labels in several
countries (Pardo et al. 2016). On the contrary, porkfish can
be processed into inasua by the Teon, Nila and Serua
(TNS) Communities in Maluku (Mahulette and Kurnia
2021). Consumption of this fermented product does not
cause keriorrhea. Inasua is a spontaneous fermentation
product, where the fish is not dried in sunlight but
immersed in a salt solution (Persulessy et al. 2020).

Spontaneous fish fermentation generally involves lactic
acid bacteria. The role of these bacteria is stimulated by
adding of carbohydrates to several fermented fish products
(Ngasotter et al. 2020). Porkfish contains high levels of
undigested fat, making it possible to find other bacteria that
play a role in the fermentation process. Processing of
inasua does not controlled because it uses techniques and
traditional equipment. This is possible the presence of
pathogenic and putrefactive bacteria was found in this
fermented product. Inasua is a fermented fish product with
added salt as a preservative. Still, some people also add
coconut sap, so there are two types of inasua, i.e., inasua
without sap and inasua with sap. Adding coconut sap aims
to extend the shelf life and increase the sensory taste of this

fermented fish product (Persulessy et al. 2020). Besides
simple sugars, coconut sap also contains several microbes
that play a role in fermentation (Chinnamma et al. 2019).
Adding of coconut sap influenced more to the total number
of bacteria and protein content of inasua. The more coconut
sap added causes the number of bacteria and protein levels of
the inasua to decrease (Wattimena et al. 2021).

Spontaneous fermentation also causes changes in the
chemical composition of fish, such as proximate
composition, amino acid and fatty acid contents
(Koesoemawardani et al. 2018). These changes are largely
determined by enzymatic activity, especially proteolysis
and lipolysis in the fish. Fish proteins are gradually
hydrolyzed by protease from fish and from bacteria into
peptides and amino acids (Chen et al. 2017). Apart from
proteolysis, lipolysis is also an important process that
releases free fatty acids (Lee et al. 2014). The activity of
these two enzymes is also influenced by salt concentration,
which causes slowing proteolysis and lipolysis activities in
fish (Sakpetch et al. 2022). Its freshness value and sensory
characteristics greatly influence the quality of a fermented
fish product.

These two types of inasua have different freshness and
sensory properties. Total volatile base nitrogen (TVBN)
and Trimethylamine (TMA) contents in inasua without sap
were higher than in inasua without sap. The higher the two
compounds, the lower the freshness of a fermented fish
product (Mahulette and Kurnia 2021). Inasua without sap
has a hard texture, flavorless and very salty (Nendissa
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2013), while inasua with sap has a soft texture, flavorful,
and slightly salty (Mahulette et al. 2018b). The freshness
and sensory characteristics are largely determined by
microbiological and physicochemical characteristics (Khair
et al. 2020). Microbiological characteristics are very
important in the food safety aspect to determine suitability
for consumption, while chemical characteristics determine
the nutritional value of a product. Chemical characteristics
such as amino and fatty acid composition also greatly
influence the sensory perception of a fermented fish
product (Calanche et al. 2019). The characteristics of
brown strip red snapper (Lutjanus vitta) inasua without sap
and with sap are different. This is greatly influenced by
fermentation product’s microbiological and chemical
characteristics (Mahulette et al. 2018b). This research
aimed to analyze the microbiological and chemical
characteristics of two types of porkfish inasua.

MATERIALS AND METHODS

Preparation of inasua

The inasua used in this study was taken from traditional
producer in Layeni village, TNS Islands consisting of
inasua without sap (inasua NS) and inasua with sap
(inasua S). The processing of inasua was done by the
producer. A total of 2 kg of porkfish as raw material was
put into two jars, and 200 g of table salt was added,
respectively. Inasua S processing also adds 1 liter of
coconut sap. The jar was closed, and porkfish was allowed
to ferment at room temperature for 12 weeks to produce
inasua. The research was conducted in the Laboratory of
Biology Education at Universitas Pattimura.

Isolation and characterization of bacteria in inasua

A total of 25 g of inasua sample was mixed with 225
ml of sterile saline solution (0.85%) and homogenized
using stomacher bags (Zeng et al. 2016). Samples were
serially diluted to 10° using saline solution. The sample
dilutions used were 10* and 10° One ml of the
homogenized and diluted samples was poured into Petri
dishes, then de Man, Rogosa and Sharp Agar (MRSA)
(KGaA, Germany) containing 1% CaCO3 and 3% NaCl
was poured on it and incubated at room temperature for 48
hours (Maulidayanti et al. 2019). For isolation of
halotolerant, coliform and total bacteria, 100 ul from the
homogenate samples were inoculated on Mannitol Salt
Agar (MSA) (Siddegowda et al. 2016) and Eosin
Methylene Blue Agar (EMBA) (KGaA, Germany)
(Rehman and Gohar 2022), and Nutrient Agar (NA)
respectively, using the spread plate technique with a sterile
L-shape glass rod then incubated at 37° C for 24 hours.
All the isolates obtained were stained with gram, spore
staining and catalase test. The most dominant isolate from
the two samples was then identified molecularly.

Molecular identification of bacteria
DNA extraction was carried out following the
procedure from the Presto TM Mini GDNA Kit (Geneaid).

The result of DNA extraction was used to amplify 16S
rRNA gene. The 16S rRNA gene was amplified using a
PCR machine with 63F (5 CAGGCC
TAACACATGCAAGTC-3) and 1387R  (5'-GGG
CGGWGTGTACAAGGC-3") primers (Patel et al. 2020).
The volume of PCR reaction used was 25 pL, consisting
ofl2.5 pL Go Taq Green Master Mix 2X (Promega,
Madison, W1, USA); 2.5 pL 63F and 1387R primers each
(10 pmol); 6.5 pL Nuclease Free Water and 1 pg DNA
genome as template. The reaction was amplified in 30
cycles and each PCR comprised pre-denaturation at 95°C
for 5 minutes, annealing at 55°C for 1 min, elongation at
72°C for 1.5 min, and extension at 72°C for 10 minutes.
PRC product was visualized using an electrophoresis
machine at 80 volts for 45 minutes and stained with
ethidium bromide. The amplified DNA was further
sequenced and analyzed using ChromasPro software
(Technelysium, AU) for sequence coupling, The sequences
were then compared with the GenBank database using
Basic Local Alignment Search Total Nucleotide
(BLASTN) software.

Chemical characterization of inasua

Chemical analysis of both inasua products was carried
out at the beginning and after 12 weeks of fermentation.
The proximate composition analysis was performed based
on Faithong and Benjakul (2014). The fat and protein
content was determined using the Soxhlet apparatus and
micro Kjeldahl methods. The total of carbohydrates was
determined using carbohydrate by difference method. The
moisture and ash contents were measured using the
gravimetric methods. Proximate composition analysis was
conducted in the Integrated Laboratory of Institut Pertanian
Bogor, Bogor.

Amino acids and fatty acids contents were analyzed
using high-performance liquid chromatography (HPLC)
(20A, Shimadzu, Japan) and gas chromatography (GC)
(Fid 17A Shimadzu, Japan) (Houéssou et al. 2019). A total
of 1 g of inasua sample was dissolved in 20 mL of distilled
water, then crushed using a homogenizer, and centrifuged
to obtain a supernatant. Amino acids analyzed were only 15
types. The percentage of amino acid content (wet weight)
was determined from protein content. For fatty acid
contents analysis, a total of 30 mg of sample
(homogenized) was added with 1 mL of 0.5 N NaOH and
then heated for 20 minutes. The solution formed was added
2 mL of 16% BF3 and 5 mg/ml of the standard solution,
then heated for 20 minutes. The solution was then added to
2 mL of saturated NaCl and 1 mL of hexane after being
cooled. The hexane layer formed was separated and
injected into the gas chromatography (GC) (Fid 17A
Shimadzu, Japan). The percentage of fatty acids content
(wet weight) was determined in the fat content. The
difference in chemical characteristics of the two types of
inasua after the fermentation were analyzed by Student’s t-
test to compare the mean values (SPSS 29.0 for Windows).
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RESULTS AND DISCUSSION

The total number of inasua NS was 6.7 log cfu/g, while
inasua S was 7.0 log cfu/g at the beginning of fermentation.
This number decreased at the end of fermentation; both
Inasua NS and Inasua-S were 6.5 log cfu/g and 6.4 log
cfu/g, respectively (Figure 1a). The number of bacteria in
inasua was not much because this product was preserved
using high salt levels, and not all bacteria can decompose
wax esters in fish (Arunkumar et al. 2017). High salt
contents can inhibit the growth of Gram-Negative spoilage
microorganisms (Chuon et al. 2014).

The addition of coconut sap at the start of inasua N
fermentation caused the number of Bacillus and related
genera to be higher than inasua NS. Coconut sap is an
additional carbohydrate source for microbes that play a role
in fermentation. Besides containing carbohydrates, this
liquid also contains microbes dominated by Bacillus
(Hebbar et al. 2020). These bacteria decreased until the end
of fermentation in inasua NS and inasua S were 5.7 log
cfu/g and 5.9 log cfu/g, respectively (Figure 1b). This
decrease was due to limited nutrition and the accumulation
of toxic compounds during fermentation.

At the beginning of the fermentation, halotolerant
bacteria in inasua NS reached 6.7 log cfu/g, while inasua S
only reached 6.4 log cfu/g. Both types of products were
almost the same at the end of the fermentation (Figure 1c).
Adding of coconut sap to inasua S causes a slight decrease
in salt content. Halotolerant bacteria grew well in an
environment with a rather high salt content (Ojagh et al.
2020). The number of coliform bacteria was not much
different during the fermentation process (Figure 1d). The
number of these bacteria was still high at the end of the
fermentation, around 6.0 log cfu/g, because some of the
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bacteria in this group could degrade undigested fat in fish
(Arunkumar et al. 2021). Coconut sap can naturally
ferment to produce alcohol, lactic acid, and acetic acid
(Pandiselvam et al. 2021). The low number of coliform
bacteria in inasua S was caused by the accumulation of
alcohol, lactic acid, and vinegar (acetic acid) due to
fermented coconut sap. Lactic and acetic are organic
compounds that act as antimicrobials (Ozcelik et al. 2016).

A total of 7 isolates of bacteria were isolated in inasua
NS, and 6 isolates in inasua S. Isolates found in inasua S
were also found in inasua NS, except for one isolate which
was only found in inasua NS (data not shown). The result
of the characterization of microbes in inasua found two
dominant isolates, i.e., INS 04 and IS 02, in inasua NS and
inasua S, respectively (Figure 2). The isolate INS 04 grew
well on MSA media, while IS 02 was on MRSA media.
The two isolates were characterized molecularly based on
the 16S rRNA gene. The Amplification of the 16S rRNA
gene from both isolates showed length fragments of around
1500 bp DNA (Figure 3). Analysis of gene sequences
encoding 16S rRNA from two selected isolates with
GeneBank data using the BLAST-N program revealed that
isolate INS-04 was closely related to Staphylococcus
saprophyticus (similarity index: 99.56%), while isolate 1S
02 was closely related to Bacillus cereus (similarity index:
99.86%) (Table 1).

Generally, bacteria that play an important role in inasua
fermentation are lactic acid bacteria (Mahulette et al.
2018a). This bacteria was very difficult to find in
fermented inasua from porkfish because this fish’s content
of undigested fat (wax ester) was very high. One group of
bacteria that can decompose wax esters is the Bacillus
genera (Arunkumar et al. 2017).
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Figure 1. The changes in bacterial number in inasua fermentation. Total bacteria (A), Bacillus and related genera (B), Halotolerant

bacteria (C), and Coliform bacteria (D)
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Bacillus cereus is a widespread bacteria in nature found
in several indigenous fermented fish products. Aside from
soil, these bacteria are also found in the intestines of fish
(Dan et al. 2017). Bacillus cereus was considered an
opportunistic human pathogen because of its ability to
produce toxins that cause diarrhea, a type of food-
associated illness (Prihanto et al. 2021).

Bacillus cereus was found in ngari, hentak, and tungtap,
traditional fermented fish products from India, and it’s
considered a pathogenic contaminant. These bacteria
compete and suppress the growth of lactic acid bacteria
which, play a role in fermentation (Thapa et al. 2004).
However, other studies report that these bacteria play an
important role in fish fermentation. B. cereus produced
various extracellular enzymes such as protease, lipase, and
phytase (Natarajan and Rajikkannu 2014). The high
proteolytic ability causes this bacteria to be used as a co-
starter with lactic acid bacteria in sausage fermentation.
Lactic acid bacteria generally have low proteolytic

capabilities (Shan et al. 2023). The phytase enzyme was
used to break down phytic acid which binds proteins and
other nutrients (Dan et al. 2017). In fish or shrimp paste
produces

fermentation, B. cereus the enzyme L-

asparaginase to decompose L-asparagine into L-aspartate
(Prihanto et al. 2021).

Staphylococcus saprophyticus is a coagulase-negative
Staphylococci  (CNS)  which is often found in
spontaneously fermented products, such as ngari, fish
sauce, and tai-pla (a fermented fish viscera product from
Thailand). In ngari fermentation, these bacteria decompose
fish amino acids into flavor compounds, lipase enzymes
and produce antimicrobial compounds (Feng et al. 2021).
S. saprophyticus has a high lipolytic potential (Daroonpunt
et al. 2018). These antimicrobial compounds was able to
inhibit the growth of foodborne disease pathogens,
including enteric bacteria (Khusro et al. 2020). The number
of these bacteria was very difficult to predict during
fermentation (Stavropoulou et al. 2018). In fish sauce
fermentation, S. saprophyticus were more commonly found
at the beginning of fermentation (Ma et al. 2021). S.
Saprophyticus has been widely used as a starter culture in
the processing of fermented products (Heo et al. 2020).
Some bacterial strains were also considered pathogens
because they colonize the human rectum and urogenital
tract (Devi et al. 2015). The S. saprophyticus strain found
in jeotgal (a fermented shrimp product from Korea) was
not pathogenic (Jo et al. 2022).

o A _

Figure 2. Microscopic characteristics of bacteria isolated from inasua on different media (Magnification 1000x). Isolates of INS 04 on

MSA (A), and IS 02 on MRSA (B)

Table 1. Selected dominant bacteria isolates of both types inasua

Isolate Description nulc_liggitdhecz{)p) Identity (%) Accession

INS 04 Staphylococcus saprophyticus ATCC 15305 1350 99.56 CP035294.1
Staphylococcus edaphicus strain CCM 8730 99.56 NR_156818.1
Staphylococcus sp. S04009 99.48 MH643903.1

IS 02 Bacillus cereus ATCC 14579 1426 99.86 CP034551.1
Bacillus wiedmannii Strain FSL W8-0169 99.79 NR_152692.1
Bacillus proteolyticus Strain MCCC 1A00365 99.79 NR_157735.1
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Figure 3. Electropherogram of 16S rRNA gene of bacteria
isolates from inasua fermentation with a pair primer of 63F and
1387R (Marker 1 kb, 1: INS 04, and 2: IS 02 isolate)

Porkfish as the raw material for inasua has a high
protein content (>18%) (Pordevi¢ et al. 2016). The protein
content of both types of inasua decreased during
fermentation. The protein content of inasua NS and inasua
S after fermentation for 12 weeks was 19.95 and 17.90%,
respectively. The decrease in protein content was caused by
proteolytic activity and protein degradation which was one
of the important biochemical changes in fermented fish.
Both fish endogenous and microbial enzymes decomposed
the fish muscle protein to produce low molecular weight
compounds such as peptides, free amino acids, and their
derivatives during fish fermentation (Gao et al. 2016).
These compounds greatly influence the final texture and
flavor of the product (Nie et al. 2014).

Besides functioning as a source of protein for most of
the world's population, fermented fish products are also a
source of minerals needed in the human diet (Zang et al.
2020). The higher ash content indicates the higher the
mineral content in the fermented product (Iskandar et al.
2019). The increase in ash content in fermented fish
products comes from minerals in the salt used as a
preservative. These minerals benefit human health (Khan et
al. 2022). The longer the fermentation time causes the table
salt to dissolve and diffuse into the fish.

The fat content of inasua was almost close to the protein
content, i.e., 17.61 and 17.31 % in inasua NS and inasua S at
the end of the fermentation. The fish used as the raw
material contains a high-fat content. In contrast to other
fish, the fat in porkfish was dominated by wax ester
(esterified of long-chain fatty alcohol and long-chain fatty
acid). Fat-degrading enzymes cannot break down this
compound, so it does not function as a human food
ingredient (Howard et al. 2017). Wax esters were naturally
present in porkfish food, but these fish could not metabolize
these compounds. Wax ester was stored in the fish's body
to increase the buoyancy of porkfish at the surface (Pordevi¢
et al. 2016). The decrease in fat content until the end of
fermentation was not striking, indicating a lack of lipolytic

microbial activity that played a role during fermentation.
Generally, microbes only produce lipase enzymes to break
down triacylglycerol.

Generally, the water content of porkfish was not too
high compared to other fish. This was due to the fat content
of this fish which was close to 18% of body weight (Howard
et al. 2017). During fermentation, the water content decreases
due to evaporation and is used by microbes to hydrolyze
complex molecules (Zhou et al. 2014). Inasua S has a
higher water content than inasua NS due to adding coconut
sap at the beginning of fermentation. Apart from containing
simple sugars, such as sucrose, glucose, and fructose (Femi
et al. 2020), this liquid also contains microbes in
fermentation. The presence of these simple sugars causes
the carbohydrate content of inasua S to be higher than
inasua NS at the beginning of fermentation. These simple
sugars decrease at the end of fermentation because microbes
rapidly utilize them for their growth. The carbohydrate
content of inasua NS and inasua S after fermentation for
12 weeks was 2.35 and 1.12%, respectively (Figure 4).

The total amino acid contents of inasua NS and inasua
S after fermentation for 12 weeks were 15.31 and 15.85%,
respectively. The increase in amino acid content was
caused by the proteolytic activity of microbes and protease
enzymes in fish which convert several proteins and
peptides into amino acids during fish fermentation (Xu et
al. 2021). The dominant amino acids in inasua were non-
essential, such as glutamate, aspartate and glycine. The
glycine content in the two types of inasua has very striking
differences. This amino acid reached 1.9% in inasua NS,
while inasua S only reached 0.9% at the end of fermentation
(Figure 5). Glutamic and aspartic acids were responsible
for the stronger umami taste which causes porkfish to have
good sensory properties (Pordevi¢ et al. 2016).

The total fatty acid contents of inasua NS and inasua S
after fermentation for 12 weeks were 57.08 and 63.81% (in
fat content), respectively (Table 2). In general, the levels of
fatty acids increase in line with the fermentation process.
This indicates that there was hydrolysis of fat into fatty
acids as the main precursors of volatile compounds in fish
fermentation.

The fatty acid group that dominates inasua is
monounsaturated fatty acids (MUFA), such as palmitic,
oleic, eicosenoic, and nervoic acids; these fatty acids can
lower cholesterol levels in the blood. The most dominant
fatty acid was oleic acid. This fatty acid was the main
constituent of wax esters in porkfish. The human digestive
tract cannot absorb wax ester; this compound will
decompose into fatty alcohol and fatty acids. The second
mentioned molecule can be utilized as a nutrient for
humans (Wiech et al. 2020). Apart from wax esters,
porkfish fat also contains phospholipids composed of
polyunsaturated fatty acids (PUFA) (Howard et al. 2017).
Another group of fatty acids found in porkfish inasua is
Saturated fatty acid (SUFA) which was dominated by
palmitic acid. Statistical analysis of the chemical
characteristics of the two types of inasua after fermentation
for 12 weeks showed no significant differences (Table 3).
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Figure 5. Characteristics of amino acids of both types inasua at the beginning and after 12-week fermentation

Table 2. Characteristics of fatty acids of both types inasua at the beginning and after 12-week fermentation

Fatty acid content (% in fat content)
Inasua with sap

Inasua without sap

Parameter Time of fermentation (week)
1 12 1 12
Myristic acid 0.08+0.47 0.09+0.70 0.10+0.00 0.11+0.53
Palmitic Acid 0.77+0.35 0.79+0.07 1.06+0.14 1.08+0.07
Stearic acid 0.65+2.82 0.80+0.00 0.87+2.82 0.88+0.14
Other SUFAs 0.15+0.14 0.19+0.03 0.23+0.14 0.24+0.07
Total SUFAs 1.65+0.09 2.77+0.13 2.26%0.14 2.31+0.13
Palmitoleic acid 0.93+0.14 0.94+0.14 1.13+0.70 1.1440.14
Oleic acid 37.41+0.07 38.18+0.14 41.52+0.07 43.05+0.70
Eicosenoic acid 8.21+0.01 8.22+0.28 9.41+0.14 9.43+3.53
Nervonic acid 1.28+0.35 1.28+0.01 1.70+0.14 1.71+0.07
Other MUFAs 0.76%0.02 0.94+0.07 1.05+0.14 1.1440.13
Total MUFAs 48.59+0.18 49.56+0.08 54.81+0.07 56.47+0.13
Linoleic acid 1.05+0.14 1.06+0.07 1.20+0.07 1.20+0.07
Eicosapentaenoic acid (EPA) 0.57+0.01 0.57+0.14 0.81+0.70 0.83+0.07
Decosahexaenoic acid (DHA) 1.20+0.07 1.20+0.35 1.2740.35 1.28+0.14
Other PUFAs 1.66+0.02 1.92+0.07 1.67+0.13 1.7240.14
Total PUFAS 4.48+0.14 4.75+0.18 4.95+0.13 5.03+0.07
Total of Fatty Acids 54.72+0.09 57.08+0.14 62.02+0.10 63.81+0.18
Table 3. Difference analysis of chemical characteristics of two types of inasua after fermentation for 12 weeks
Sample Chemical characteristics (%) (mean + standard deviation)

Protein Fat Carbohydrate  Moisture Ash Salt Amino acid Fatty acid
Inasua NS 19.95+0.05 17.61+0.01  2.35+1.73 46.29+3.52 14.57+0.02 17.66+1.01 15.31+0.89 57.08 +1.12
Inasua S 17.3140.01 17.90 £0.02 1.12+0.01 48.68+0.29 14.22 +0.01 14.39+0.01 15.85+1.32 63.81+1.35

Note: Significance value: 0.124 > (a) = 0,05: No significant different

In conclusion, inasua without sap and inasua with sap
have different microbiological and chemical characteristics.
The total number of halotolerant and coliform bacterial was
higher in inasua without sap, while Bacillus and related
genera were higher in inasua with sap. The total amino and
fatty acid contents of inasua with sap were higher than
inasua without sap. The dominant amino and fatty acids in
porkfish inasua were glutamic and oleic acid. The

dominant bacteria in inasua without sap and inasua with
sap were Staphylococcus saprophyticus and Bacillus
cereus, respectively. Generally, microbiological and
chemical characteristics of inasua with sap were better than
inasua without sap, but statistically, it was not significantly
different. The results are a reference for further analyzing
the sensory characteristics of porkfish inasua.
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