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ABSTRACT
The fermentation process involved the hydrolysis of lactic acid bacteria, single amino acid and peptide were produced

and were accounted for their antibacterial activity. This study aims to determine the physical and chemical

characteristics, total lactic acid bacteria, total plate count, and antibacterial activity of tuna viscera sauce. The research

results showed physicochemical characteristics including color (L* 8.3, a* 1.3 and b* 5.7), viscosity of 10.38 cP, pH

5.00, salt content of 13.21%, total acid 0.74% and TVBN 28.00 mgN/gr) Proximate analysis were also identified,

resulting in moisture 62.87%, ash 1.37%, protein 23.18% and carbohydrate 0.42%. The total lactic acid bacteria and

total plate count respectively were 2.3 log CFU/gr and 2.3 × 101 CFU/gr. The results of the antibacterial activity

tested on three pathogenic bacteria, Vibrio pharahaemolyticus, Salmonella typhimurium, and Escherichia coli, showed

inhibition with the presence of clear zones.
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INTRODUCTION

Tuna is one of the favorite foods in Indonesia. It is one of the
most hunted fish species in various countries because it has a
high protein and fat content, and has a delicious taste with a
high selling price. Tuna is generally used fresh or processed into
frozen tuna loin and canned tuna. High demand for tuna
products both in fresh and processed conditions caused an
increase in waste or by-products in the form of head, skin,
stomach contents, bones, fins, and red meat parts. From the fish
production which is around 6.5 million tons per year, about
(20-30)% are considered waste. This means that 2 million tons
are wasted, which should be utilized. The process of preserving
and processing fish generally results in altered waste viscera
which is a source of fat, protein, and vitamins. According to
Sabtecha et al. [1], the fisheries industry produces about 60% by-
products by weight and leaving only 40% by weight of products
that can be consumed by humans. The waste can actually be
utilized; one of the contents of the stomach (offal) can be made
into fish sauce. This is done to increase the economic value of
waste and reduce environmental pollution problems. Fish sauce

is one of the processed food products through a fermentation
process made from fish meal and fish by-products in the form of
viscera. It has a distinctive taste and smell and long shelf life.
Fish sauce can be made in three ways, namely by enzymatic,
chemical and fermentation processes spontaneously. Usually,
fish sauce is used as a condiment.

The names of fish sauce in several countries are different, for
example, Bakasang (Indonesia), Yu-lu (China), Jeotkal (Korean),
Nukazuke (Japan), Lanhouin (Benin, Togo, and Ghana),
Momoni (Ghana), Feseekh (Egypt), Mahyaveh (Iranian), Garum
(Italy), Plaa-som (Thailand) and Pekasam (Malaysia) [2-12].
However, the characteristics of fish sauce produced by Tuna have
not been widely known, nor has there been information about
physic-chemical characteristics. In addition, during the
fermentation process lactic acid bacteria can hydrolyze proteins
into peptides that have antibacterial activity [13,14]. This study
aims to determine the physical and chemical characteristics, total
lactic acid bacteria and antibacterial activity from fermented
tuna viscera sauce.
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MATERIALS AND METHODS

Raw material

The raw material used in this study was tuna loin came from the
Passo Village, Ambon City, Maluku-Indonesia. Samples are
collected and inserted in a cool box containing ice and brought
to the laboratory to be prepared and fermented to produce a
sauce.

Methods

Fish sauce preparation: Viscera samples were washed and ± 1
cm was reduced. The sample was blended with a food processor
and weighed ± 200 gr, then added the papain enzyme (Paya
brand) with a concentration of 5% and 17.5% of salt. The
samples are mixed until homogeneous and inserted into a bottle
that covered with aluminum foil before and put in an incubator
(Barnstead brand) for the fermentation process at 50°C for 6
days [15] modified.

Procedure analysis

Determination of physical characteristics (color and viscosity):
Color test used a color reader (Minolta CR-10) to find out the
values of L*, a*, and b* from the sample. Whereas, Viscosity used
a viscometer (Elcometer 2300) [2].

Determination of chemical characteristics

pH and acidity: The pH value was analyzed using Senz pH
digital tester (Trans instruments). The total acid analysis was
used the titration method, by using 10 mL of suspension plus
three drops of the phenolphthalein indicator, then titrating with
0.1 N NaOH solution [16].

Salinity: ± 1 g of the sample put into 250 mL Erlenmeyer, then
added (25-50) mL AgNO3 0.1 N and 20 mL HNO3, simmer
slowly using a hot plate in the acid chamber until all solids
dissolved except (AgCl). A sample is cooled at room
temperature, added 50 mL of halogen-free water, added ferric
indicator, titrated with NH4CNS 0.1N until the solution is light
brown permanent. The volume of 0.1 N NH4CNS used for the
titration was noted [16].

Total of volatile bases-nitrogen: 5 g of the sample is weighed
and blended with 15 mL of 5% TCA, then the solution was
filtered to obtain clear filtrate used the filter paper. 1 mL of the
boric acid solution is inserted into the Conway dish in the inner
chamber then 1 mL of the analyzed sample is inserted into the
outer chamber. The K2CO3 solution is inserted in the different
outer chamber side, then tightly closed (on the edge of the cup
previously smeared with vaseline). The blank is made with the
same procedure, but as a filtrate, the sample is replaced with a
3% TCA. The cup was closed, shaken for 1 minute to be mixed
and then incubated for 2 hours. After incubation, the boric acid
solution in the inner chamber is titrated with 0.01 N HCl until
it was pink.

Lactic acid bacteria (LAB): Determination of the total lactic
acid bacteria applied the cup count method. The sample is
weighed 10 g and put into a 90 mL diluent solution (0.85%

sterile NaCl) then homogenized. 1 mL of the initial dilution is
pipetted into a 9 mL diluent solution to the desired dilution
level. Through the dilution level set, pipetted 1 mL of sample
into a petri dish and poured it on ± 15 mL of MRSA (Man
Rogosa Sharp Agar) liquid into the cup, shook it horizontally on
the table, so the sample spread well, then chilled until it was
dense. The cup was incubated upside down at 37°C for 48
hours. Colonies that grow on the cup were calculated and noted
as the number of colonies per gram of sample [17].

Total plate count: Determination of the total bacteria applied to
the cup count method. Weighed the agar plate count media and
put it into Erlenmeyer which has been given with 250 ml of
distilled water, then homogenized. The pH of the media was
adjusted to pH 7.0 and then heated until the media dissolved
and sterilized with an autoclave at a pressure of 15 psi at 121°C
for 15 minutes. Prepare 0.9% NaCl diluent solution, each for 90
ml first level dilution, while for the second and third dilutions 9
ml NaCl 0.9% are each taken and then put into a Hush tube. 10
g of sample was weighed and put in 90 ml of sterile 0.9% NaCl
to obtain a solution with a 10-1 dilution rate. From 10-1 dilution,
pipette 1 ml into the second test tube and then homogenized so
that a 10-2 dilution is obtained. From each dilution 1 ml is taken
to transfer to a sterile petri dish which has been coded for each
sample at a certain rate of dilution. Into all Petri dishes (15-20)
ml PCA (Plate Count Agar) were poured. After pouring, the
petri dish is shaken slowly then cooled until the solid media and
put into the incubator for 24 hours at 35°C [18].

Antibacterial activity: Before tested the antibacterial activity, the
fermented viscera sauce of tuna was isolated by bioactive
peptides using the Wang et al., [19] method with some
modifications. About 100 g of the sauce is dissolved in distilled
water with a ratio of 1:5 (b/v) then homogenized and
inactivated at 90°C for 10 minutes. The next stage is centrifuged
at 6000 rpm, then chilled at a temperature of 4°C for 20
minutes. Ethanol then added to supernatant with a ratio of 1: 1
(v/v) and dried. The isolated peptide is added with Tris-HCl
buffer and stored at -20°C before use. Antibacterial activity test
was tested by diffusion method and used paper discs 6 mm of
diameter with Vibrio parahaemolyticus test bacteria, Salmonella
typhimurium, and Eschericia coli. Paper discs were bioetifed
peptide samples with concentrations of 500 μg/mL, then
placed on NA media which had been inoculated with test
bacteria. Incubation is stored at 37°C for 24 hours.
Observations were made on the formation of inhibition zones
around the paper disc.

STATISTICAL ANALYSIS

The test was in two replications, calculated by the average value
and standard deviation. Data is analyzed descriptively.

RESULTS AND DISCUSSION

The Tuna viscera sauce was analyzed for physical and chemical
parameters (color, viscosity, pH, salinity, total acid, TVBN), total
acid and antibacterial activity test.
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Characteristics of tuna fish sauce

Physical characteristics: The physical characteristics of tuna fish
sauce can be seen in Table 1.

Table 1: Physical characteristics of the viscera of tuna fish.

Physical characteristics Value

Color (L*, a*, b*) L* (8,3), a* (1,3), b*(5,7)

Viscosity (cP) 10.38 ± 0.53

n=3, L* (0=black; 100=white), a*=red, b*=yellow

The result from calculating the °Hue value from the L*, a*, b*

value was 76.80 and based on the color table shows the fish
sauce was reddish-yellow. The color of fish sauce is influenced by
raw materials, pigmentation, additives and fermentation
conditions [2,20]. Fish muscles contain sarcoplasmic protein like
myoglobin. Generally, the pigment responsible for color is
myoglobin. In addition, the additional ingredients also affect the
color.

Chemical characteristics

Chemical characteristics (pH, salinity, total acid, and TVBN can
be seen in Table 2).

Table 2: Chemical characteristics of the viscera of tuna fish.

Components Contents

pH 5.00 ± 0.01

Salinity (%) 13.21 ± 0.11

Acidity (%) 0.74 ± 0.95

TVBN (mgN/100 g) 28.00 ± 0.07

n=3

In general, fermented products have an acidic pH. Some
research results indicated that the pH value produced in
fermented fish products is acidic pH, with values of 4.8-5.2;
4.90-6.23; 5.1-5.8 and 3.60-5.30 [13,21-23]. The research fish
sauce had a pH of 5.0. The low pH value of fish sauce occurred
due to the formation of acid compounds from the hydrolysis
process. Jesebel et al. [24] reported fermentation of Dayok (fish
sauce in Filipino) to produce a pH of 5.7-6.0 with a duration of
7 days fermentation and salt content of (10-25)%. Wenno et al.
[2] reported that fermented products produced a pH of 4.66
with a fermentation period of 7-14 days.

Salt functions as a preservative where there is a reduction in
water content in food through an osmotic process and also
functions as a microbial selector during the fermentation
process [25]. The higher the concentration of salt, the longer the
storage capacity of fish sauce products would be. The salt
content of the results of the study was 13.21%. Salt can increase

the susceptible osmotic pressure which processes of exchange
between salt particles and fish body fluids. Fish cell membranes
are selectively permeable had the role of passing salt that is more
concentrated outside the membrane so that the salt penetrates
through the cell membrane. The water contained in cells will
automatically be pushed out and almost all important solutes
remain in the cell so that osmotic pressure is reached inside and
outside the cell [26]. When compared with some research results
including fish sauce in Taiwan amounting to (22.2-37.0)% [21]
with a fermentation period of 6-12 months, the salt content of
mahyaveh (traditional fish sauce in Iran) ranges from
(8.19-17.1)% [10], whereas for fermented products such as
bakasang has a salt content of 13.72% for 7-14 days of
fermentation time [2].

During the fermentation process, there was a change caused by
changes in the Total Titrated Acid (TTA). The amount of TTA
is a parameter that affects the durability of the sauce, because of
the organic acid content that will make the sauce last longer.
Increased TAT is strongly related to the number of lactic acid
bacteria during the fermentation process. The longer the
fermentation time changes in the total amount of lactic acid
increases. Lactic acid growth is supported by the availability of
food or nutrients in the media during the fermentation process.
During the fermentation process, chemical changes occur
causing changes in Titrated Total Acid (TTA). The total titrated
acid from the results of the study was quite low at 5.12%.
Hwanhelm et al., [23] also reported plasom fermentation (fish
sauce in Thailand) with the addition of 100 g of salt and 8 days
of fermentation at room temperature resulting in a total acidity
of (0.3-0.9)%. The role of lactic acid bacteria is to produce
organic acids such as lactic acid, acetic acid, and other secondary
metabolites. In addition, the lactic acid produced can create
organic acid flavor.

TVBN values indicated the process of protein hydrolysis by the
activity of enzymes and bacteria that produce amine compounds
which can reduce the value of product quality. The TVBN value
permitted for fishery products is <35 mg N%. The longer the
fermentation time is usually the detected level of TVBN will also
be higher, this is caused by the accumulation of microorganism
metabolites including TVBN in these food products that
indicated decay [27]. The level of TVBN research results was
28.00 mgN/100 gr. During fermentation, microorganism
macromolecules are reshaped and produce volatile base
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compounds or Total Volatile Base (TVB). High salt content will
be a preservative and will inhibit the growth of microorganisms,
one of which is decomposing microorganisms which will
produce alkaline compounds or TVB. When compared with the
results of Jesebel et al., [24] on dayok fermentation (fish sauce in
the Philippines) obtained TVB levels of 76.41 mgN/100 gr by
adding 25% salt concentration and 7 days fermentation time in
room temperature. Jiang et al., [3] also reported fermentation of
yu-lu (fish sauce in China) with 40% salt addition and 30 days
fermentation time resulting in a TVB level of 50 mgN/100 gr.

Proximate analysis

The Proximate analysis of viscera tuna fish sauce can be seen in
Table 3.

Table 3: Proximate analysis of viscera tuna fish sauce.

Components Contents (%)

Moisture 62.87 ± 0.02

Ash 12.16 ± 0.03

Protein 23.18 ± 0.02

Fat 1.37 ± 0.05

Carbohydrate (by different) 0.42

n=3

From Table 3, it appears that protein and ash levels are higher
than fat and carbohydrate content, whereas moisture content in
very high amounts. Fish sauce is a semi-solid product or pasta
that has a high moisture content. The moisture content of tuna
viscera sauce comes from viscera fish and the number of
dissolved solids from hydrolysis [28]. The added salt can attract a
certain amount of moisture in the fish sauce which can reduce
the moisture content. The high ash content is thought to
originate from salt added as a flavoring and to extend the
product's shelf life. Besides being sourced from salt, minerals are

also thought to be derived from the samples used. The average
protein is 23.18%. The protein content is sourced from the
viscera of fish and the hydrolysis process during fermentation
also produces a number of short-chain proteins. Carbohydrates
in fisheries products are generally very small and mostly in the
form of glycogen in the form of glucose, fructose, sucrose and
some monosaccharides and disaccharides [2].

Total plate count (TPC): The results of the TPC analysis of the
tuna viscera sauce sample were 2.3 101 CFU/g. This value is
quite low, presumably due to the condition of the medium that
can inhibit the growth of bacteria where the added salt and
enzymes can inactivate decomposing bacteria and pathogens in
the product.

Lactic acid bacteria (LAB): Total lactic acid bacteria during the
6-day fermentation process at 50°C is 2.3 log CFU/g.
Traditional fish sauce in Iran (mahyaveh) produces a total
average of lactic acid bacteria ranging from (3.22-4.80) log
CFU/g [10]. BAL is the dominant microorganism in some fish
fermentation products. Halophilic lactic acid bacteria are the
dominant bacteria found in the final stages of fermented fish
sauce. The genus Leuconostoc and Lactibacillus are found in plaa-
ra and plaa-som, fermented fish sauce in Thailand. Lactic acid
production from BAL is used in preservation because acidic
conditions in the fermentation process can suppress harmful
bacteria. Some strains of lactic acid bacteria are known to have
proteolytic activity including Lactobacillus plantarum, L. pentosus,
L. sakei, L. farciminis, Staphylococcus xylosus, P. acidilactici, P.
pentosaceus are lactic acid bacteria that have been known to have
proteolytic activity capable of degrading fish protein [17,29-33].
Some bacterial stains from Weisella cibaria, W. confusa Nh 02, and
W. paramesentroides Dfr 8 are reported to produce antibacterial
substances in the form of bacteriocins [12,34,35].

Antibacterial activity test: The antibacterial activity of
fermented viscera of tuna fish on three pathogenic bacteria,
Vibrio pharahaemolyticus, Salmonella typhimurium, and Escherichia
coli, showed inhibitory activity with the presence of a clear zone
around the paper disc. The diameter of the clear zone as shown
in Table 4 and Figure 1.

Table 4: Inhibited zone diameter.

Treatment

Test Bacteria

V. pharahaemolyticus S. typimurium E. coli

Positive control (Tetracycline) 13.8 mm 24.5 mm 43.4 mm

Negative control (Without treatment) - - -

Bioactive peptide crude 8.6 mm 4.3 mm 2.8 mm
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Figure 1: Antibacterial activity of sauce offal of tuna isolation results
against test bacteria. (a). V.parahaimoliticus; (b). S. Tipymirium; (c). E. coli.

During the fermentation process, lactic acid bacteria hydrolyzed
proteins into peptides that had an antibacterial function. The
higher the number of lactic acid bacteria in fermented products,
the higher the protein content. This is due to the fact that most
of the constituent material of lactic acid bacteria is protein.
Generally, short-chain peptides consisting of 2-3 amino acids
have activities as antibacterial biopeptides, this is evidenced by
the presence of clear zones around bacterial colonies. Of the
three pathogenic bacteria used in this study, Vibrio
prahaimoloticus, Salmonella typhymirium, and Escherichia coli, it was
seen that bioactive peptide isolated could inhibit the three test
bacteria. The results of this study have not been maximized
because the antibacterial activity test still used crude peptide, so
it needs to be purified to obtain maximum inhibitory activity.
Peptides derived from protein breakdown will undergo changes
in physicochemical characters compared to their natural
proteins. The degradation of proteins into nutrient peptides will
increase the bioavailability of amino acids compared to proteins
or free amino acids.

CONCLUSION

The fermentation process had an effect on physical (viscosity
and color), chemical properties (pH, salt content, total acid, and
TVBN), also on the content of lactic acid bacteria and the total
plate count. In addition, the fermentation process hydrolyzes
proteins into short-chain peptides that have the potential to be
antibacterial.
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