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Abstract: Microbial contamination in foodstuffs, particularly by pathogenic bacteria such as Salmonella typhi, is one of the
leading causes of foodborne diseases, posing a serious threat to public health. The use of antibiotics to control infections has
led to an increase in antibiotic resistance cases, thereby necessitating safer and more sustainable alternatives for controlling
pathogenic bacteria. One potential approach is the utilization of natural probiotics derived from traditional fermented foods.
Naniura, a traditional dish from North Sumatra made from raw freshwater fish without any heating process, is believed to
contain lactic acid bacteria (LAB) that function as probiotics. This study aims to evaluate the antibacterial activity of
probiotics derived from naniura made with Nile tilapia (Oreochromis niloticus) against Salmonella typhi. Nile tilapia was
selected due to its high protein content and meat structure with fewer bones compared to common carp. The fermentation of
naniura was carried out for 10 hours to optimize the growth of probiotic microorganisms. Probiotic isolation was followed
by macroscopic, microscopic, and biochemical characterizations using TSIA, citrate, motility, indole, ornithine, MRVP,
catalase, amylolytic, and proteolytic activity tests. The antibacterial activity was evaluated using the disk diffusion method
against Salmonella typhi. The results showed that the isolated probiotics exhibited morphological and physiological
characteristics indicative of the genus Enterococcus, and the diameter of the inhibition zone produced is categorised as strong,
with an average inhibition zone of 12.8 mm + 0.36 against Salmonella typhi. This study demonstrates that naniura made

from Nile tilapia has the potential to serve as a natural source of effective antibacterial probiotics.
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Introduction

Microbial contamination in food is a serious issue that
can occur through direct or indirect exposure to various
sources such as soil, air, water, dust, as well as the digestive
and respiratory tracts of humans or animals. One of the
consequences of such contamination is foodborne disease,
which refers to illnesses transmitted through food
contaminated with pathogenic microorganisms. One
common foodborne disease is typhoid fever, an acute
infection of the gastrointestinal tract caused by the bacterium
Salmonella typhi [1]. Typhoid fever remains a global health
threat, particularly in developing countries with limited
sanitation infrastructure [2]. According to data from the
World Health Organization (WHO), there are approximately
9 million new cases of typhoid fever worldwide each year,
with over 110,000 deaths reported annually [3]. In Indonesia,
typhoid fever is considered an endemic disease with a high
prevalence, ranging from 500 to 1,200 cases per 100,000
population each year [3].

The use of antibiotics has long been the primary
method for preventing and treating bacterial infections.
However, improper or excessive use of antibiotics can lead
to bacterial resistance, which has become a major challenge
in the field of healthcare. Therefore, there is a need for safe
and sustainable alternative solutions to control pathogenic
bacteria, one of which is the utilization of probiotics derived
from traditional fermented foods [4]. Probiotics are live
microorganisms that provide health benefits to the host,
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primarily through their ability to produce antibacterial
compounds. These compounds act through various
mechanisms, such as disrupting bacterial cell walls, altering
cytoplasmic membrane permeability, inhibiting enzymes,
and interfering with protein and nucleic acid synthesis [5].
Several antibacterial compounds produced by probiotic
microorganisms include organic acids such as acetic and
lactic acids, diacetyl, hydrogen peroxide, and bacteriocins in
the form of polypeptides or proteins [6].

Naniura is a traditional dish from North Sumatra that
has a unique characteristic in that it is not subjected to
cooking processes such as boiling, frying, or steaming [7].
This dish is made from fresh fish marinated in a mixture of
jungga lime and spices, where the acidic marinade helps
reduce fishy odor and imparts a distinctive flavor [8]. This
fermentation-like process potentially supports the growth of
lactic acid bacteria (LAB), particularly because the main
ingredient is freshwater fish, which is known to harbor
microorganisms such as Lactobacillus and Streptococcus
[9]. A previous study by Nasri [10], demonstrated that
naniura made from common carp could produce probiotic
bacteria with Lactobacillus characteristics and exhibited
antibacterial activity against Salmonella typhi, with an
inhibition zone diameter of 12.9 mm. However, scientific
studies on the probiotic potential of naniura remain limited.

In this study, fermentation was carried out for 10
hours, which is considered the optimal duration to support
the growth of probiotic microorganisms and the production
of bioactive metabolites [11]. Other studies have shown that
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fermented products such as moringa leaf yogurt and kimchi
exhibit significant antibacterial activity against pathogens
such as Escherichia coli and Salmonella typhimurium [12],
[13]. In general, the primary ingredient used in naniura is
common carp. However, this fish has the drawback of
containing numerous fine bones, which can reduce consumer
comfort during consumption [14]. A potential alternative is
Nile tilapia, which has a similar texture and flavor but offers
better nutritional value and fewer bones. According to
nutritional data, Nile tilapia contains 43.76% protein, 7.01%
fat, 6.80% ash, and 4.28% moisture per 100 grams—figures
that are superior to those of catfish [15].

Based on these considerations, further research is
needed to evaluate the potential antibacterial activity of
naniura made from Nile tilapia against Salmonella typhi.
This study is expected to serve as an initial step in the
development of functional foods based on traditional
fermentation as an alternative solution to antibiotic
resistance and to support more natural and sustainable
treatment of typhoid fever. This study is the first to evaluate
the probiotic potential of naniura made from Nile tilapia
using comprehensive microbiological testing.

Research Methods

The apparatus utilized in this study comprised an
incubator, autoclave, dropper pipettes, Erlenmeyer flasks,
Petri dishes, Bunsen burner, beakers, blender, measuring
cup, laminar air flow (LAF) cabinet, analytical balance, test
tubes along with a test tube rack, sterile gloves, scissors and
tweezers, inoculating loop, refrigerator, hot plate stirrer,
microscope slides and cover glasses, compound microscope,
digital caliper, and micropipettes.

The materials used in this study included naniura
samples made from Nile tilapia (Oreochromis niloticus),
specifically the fish fillet portion; Salmonella typhi bacterial
isolate; distilled water (aquadest); MRSA (de Man Rogosa
Sharpe Agar); starch; SMA (Skim Milk Agar); Simmons
Citrate Agar (SCA); MIO medium (Motility Indole
Ornithine); MRVP medium (Methyl Red and Voges—
Proskauer); Nutrient Agar (NA); Mueller Hinton Agar
(MHA); Triple Sugar Iron Agar (TSIA); 3% H202; 40%
KOH; 5% a-naphthol; methyl red; Kovac’s reagent; crystal
violet; Lugol’s iodine; 95% ethanol; 70% alcohol (for
sterilization); paper discs; immersion oil; 1% sulfuric acid
(H2S04); 1% barium chloride (BaCl.); 1% calcium carbonate
(CaCO:s); physiological saline (NaCl); ciprofloxacin; cotton;
aluminum foil; and labeling paper.

Preparation of Nile Tilapia-Based Naniura

A total of 20 g of Nile tilapia fillet was placed in a
closed container and evenly soaked with the juice of jeruk
jungga (a local citrus fruit), then left to stand for 1 hour. This
step serves as the marination process, which aims to soften
the fish bones and tenderize the flesh without the application
of heat. Subsequently, a mixture of spices consisting of 9 g
shallots, 4 g garlic, 5 g candlenuts, 15 g kecombrang (torch
ginger flower), 2 g ginger, 4 g turmeric, and 1 g andaliman
(a type of Szechuan pepper) was dry-roasted until aromatic.
The roasted spices were then ground together with 1 g of
chili. Once the mixture reached a smooth consistency, it was
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evenly applied to the surface of the Nile tilapia fillet, which
was then left to ferment for 10 hours [16].

Probiotic Bacteria Isolation from Nile Tilapia-Based
Naniura

One milliliter of the naniura sample in the form of
extract was added to a tube containing 9 mL of 0.9%
physiological ~NaCl  solution and  homogenized.
Subsequently, serial dilutions were performed to achieve
dilutions ranging from 107! to 107. MRS agar medium,
supplemented with 1% CaCOs3, was poured into Petri dishes
using the pour plate method and allowed to solidify. From
the last three dilution series, 1 mL of the sample was taken
from each and placed into Petri dishes, then incubated at
37°C for 48 hours [17].

Colonies that formed clear zones on MRS agar
medium (suspected to be lactic acid bacteria) were picked
using an inoculating loop and re-inoculated onto MRS agar
medium using the streak plate method. Incubation was
continued at 37°C for 48 hours. The streak plate procedure
was repeated 3 times until uniform and well-separated
colonies were obtained. The pure isolates obtained were then
stored on slant MRS agar for further analysis [17].

Morphological Characterization of Probiotic Isolates
from Nile Tilapia-Based Naniura

The characterization process for determining the
morphology of probiotic isolates was conducted using two
methods: macroscopic and microscopic. The macroscopic
morphology of the probiotic isolates was visually observed,
including the shape, margin, color, and elevation of the
bacterial colonies [18].

The microscopic examination was performed using
the Gram staining method. The procedure began by placing
two drops of sterile distilled water on a glass slide, followed
by the addition of the probiotic bacterial isolate sample,
which was then spread aseptically using an inoculating
needle. The preparation was then dried by passing it over a
Bunsen burner flame until completely dry. The staining
process commenced with the addition of crystal violet stain
(2-3 drops) and allowed to sit for 1 minute, followed by
rinsing with distilled water. The preparation was then treated
with iodine solution (1-2 drops), allowed to sit for 1 minute,
and rinsed again. The decolorization step was performed by
adding 96% alcohol for 30 seconds, followed by washing
with distilled water. The final staining was done by adding
safranin (2-3 drops), allowing it to sit for 1 minute, and then
rinsing and drying again. The dried preparation was observed
under a microscope using immersion oil. Gram-positive
bacteria were identified by their purple color, while Gram-
negative bacteria appeared red [19].

Biochemical Characterization of Probiotic Isolates from
Nile Tilapia-Based Naniura

The biochemical tests conducted included the Triple
Sugar Iron Agar (TSIA) test, citrate test, indole motility
ornithine test, MRVP test, catalase test, and tests for
amylolytic and proteolytic activity.
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TSIA test

The TSIA test was conducted to evaluate the capacity
of bacteria to metabolize glucose, lactose, and sucrose, in
addition to examining gas and H.S production. A pure
bacterial isolate was inoculated into TSIA medium by
stabbing the butt and streaking the slant in a zig-zag manner,
followed by incubation at 35°C for a duration of 24 hours.
Observations were made based on alterations in the
medium’s color: a yellow hue in the butt signified glucose
fermentation, a yellow hue in both the butt and slant
indicated fermentation of glucose, lactose, and sucrose,
whereas a red hue showed that fermentation did not occur.
The presence of black precipitate confirmed H2S production,
and the formation of gas bubbles indicated gas production
[20].

Citrate test

The citrate test was performed to assess whether the
bacteria could utilize citrate as their sole carbon source. A
pure bacterial isolate was inoculated once by streaking in a
zig-zag pattern across the surface of Simmon's Citrate agar,
followed by incubation at 29°C for 24 hours. A positive
result was indicated by a color change of the medium from
green to blue, while no color change (remaining green)
indicated a negative result [21].

MIO test

The MIO test was carried out to evaluate the bacterial
capabilities for motility, indole production, and ornithine
decarboxylation. A pure bacterial isolate was inoculated by
stabbing straight down into the center of the MIO medium,
nearly reaching the bottom of the tube, and then incubated at
37°C for 24 hours. Motility was considered positive if
bacterial growth diffused away from the stab line. A positive
result for ornithine decarboxylase activity was indicated by
a color shift to purple or grayish-purple, while a yellow color
signified a negative outcome. Indole production was
confirmed by the appearance of a red ring upon the addition
of Kovac’s reagent [22], [23].

MRVP test

The MRVP test was performed to identify the
bacterial glucose fermentation pathway, distinguishing
between the production of strong acids (Methyl Red test) and
neutral or non-acidic end products (Voges-Proskauer test). A
pure bacterial isolate was inoculated into MRVP broth and
incubated at 37°C for 24 hours. After incubation, the culture
was split into two separate tubes. For the MR test, three drops
of methyl red indicator were added, with a red color
indicating a positive result. For the VP test, three drops of
40% KOH and six drops of 5% a-naphthol were added,
followed by shaking for 30 seconds; the appearance of a pink
color signified a positive reaction [21].

Catalase test
The catalase test was conducted to determine whether

the bacteria produced the catalase enzyme. A pure bacterial
isolate was introduced into a drop of 3% hydrogen peroxide
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(H20:) placed on a glass slide. The presence of gas bubbles,
resulting from the enzymatic breakdown of H20:, indicated
a positive reaction. The absence of bubble formation was
interpreted as a negative result [24].

Amylolytic activity test

This test was carried out to assess the bacterial ability
to hydrolyze starch by producing amylase enzymes. A pure
bacterial isolate was streaked onto Starch Agar and
incubated at 35°C for 24 hours. After incubation, iodine
solution was applied to the surface of the medium. A clear
zone surrounding the bacterial growth indicated a positive
result, demonstrating starch hydrolysis activity [25].

Proteolytic activity test

This test was performed to evaluate the bacterial
ability to produce protease enzymes capable of hydrolyzing
proteins. A loopful of pure bacterial isolate was streaked
onto Skim Milk Agar (SMA) and incubated at 35°C for 24
hours. A clear zone surrounding the bacterial colony
indicated a positive result, reflecting proteolytic activity
[25].

Evaluation of the Antibacterial Activity of Naniura-
Derived Probiotics Against Salmonella typhi

The antibacterial activity was assessed using the disk
diffusion technique. The test bacterial suspension was
prepared by adjusting its turbidity to the equivalent of the 0.5
McFarland standard. A sterile cotton swab was dipped into
the suspension, and the excess liquid was removed by
pressing it against the inner wall of the tube. The swab was
then used to evenly spread the bacteria across the surface of
solidified Mueller Hinton Agar (MHA) in three directions.
The plate was left undisturbed for 5 minutes to allow the
surface to dry. Sterile paper disks (5 mm in diameter) were
soaked in the naniura extract, sterile distilled water (serving
as a negative control), and a 5% ciprofloxacin solution (as a
positive control). Using sterile forceps, the disks were placed
on the inoculated MHA surface with gentle pressure. Within
15 minutes of disk placement, the Petri dishes were
incubated in an inverted position at 37°C for 24 hours to
prevent condensation from affecting the medium [26].
Following incubation, the presence of inhibition zones (clear
areas) surrounding the disks was observed. The diameters of
these zones were measured in both vertical and horizontal
directions, and the diameter of the disk was subtracted to
determine the effective inhibition zone diameter [27].

Results And Discussion

Isolation of Probiotic Bacteria from Naniura of Nile
Tilapia

Bacterial isolation was performed using MRS agar, a
selective medium commonly used for the cultivation of lactic
acid-producing or potentially probiotic bacteria [28]. A total
of 1 mL of sample from each dilution (10" to 1077) was
inoculated and incubated at 37°C for 48 hours. This
temperature was chosen because it falls within the optimal
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growth range for probiotic bacteria, which is 37-41°C [29].
Temperatures that are too low may inhibit bacterial growth,
while higher temperatures may pose a risk of killing bacterial
cells [30], [31].

After incubation, colonies that formed clear zones
were selected as probiotic candidates. These zones indicate
the formation of calcium lactate resulting from the reaction
between lactic acid and CaCOs [32]. Isolates were selected
from the 107° and 1077 dilutions to obtain single colonies and
avoid contamination, as higher dilutions result in fewer
microbial colonies [33]. The selected colonies were then
purified using the quadrant streak method, repeated four
times to obtain pure isolates. The pure isolates were
subsequently cultured on slanted MRS agar for further
identification.

Morphological Characterization of Probiotic Isolates
from Naniura of Nile Tilapia

Morphological characterization was conducted both
macroscopically and  microscopically.  Macroscopic
characterization of bacterial morphology was based on
visible features, including colony shape, color, elevation
(surface profile), and edge or margin characteristics. The
pure isolates obtained showed macroscopic morphology
with irregular colony shape, white color, flat-raised
elevation, and undulate (wavy) margins. These
characteristics are consistent with the colony morphology of
lactic acid bacteria (LAB) as described by Apriyani [34],
which include irregular shape, raised elevation, white color,
and wavy margins.

Microscopic characterization was carried out using
Gram staining, followed by observation under a microscope
at 100x magnification. The observations showed that the
obtained pure isolates were Gram-positive with a coccus
(spherical) shape, indicated by a purple coloration due to the
retention of crystal violet, which is not dissolved during
alcohol rinsing [35]. Gram-positive bacteria have thick cell
walls composed of up to 90% peptidoglycan and low lipid
content, which allows the crystal violet stain to remain
strongly bound [36]. Additionally, the presence of teichoic
acid in the cell wall contributes to the durability and
structural integrity of the cell, making Gram-positive
bacteria commonly used as probiotics [37]. These findings
are consistent with the characteristics of lactic acid bacteria
(LAB), which are generally rod- or coccus-shaped [32].

Biochemical Characterization of Probiotic Isolates from
Naniura of Nile Tilapia

Biochemical testing is an identification method that
relies on the observation of bacterial physiological
characteristics [38]. The results of these tests may vary
among isolates, indicating differences in physiological traits
influenced by the enzymatic activity of each isolate in
utilizing reagents during biochemical processes.

The TSIA test results showed a yellow coloration in
both the slant and butt of the medium, indicating an A/A
(acid/acid) reaction. This suggests that the isolate is capable
of fermenting all three sugars: glucose, lactose, and sucrose.
The absence of gas bubbles and black precipitate indicates
that the isolate does not produce gas or hydrogen sulfide
(H2S) [36]. The shift in color from red to yellow is caused by
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a pH decrease resulting from acid production during the
fermentation process [39]. The citrate test yielded a negative
result, as indicated by the absence of a color change in the
medium. This suggests that the isolate does not produce the
enzyme citrate permease and is therefore unable to utilize
citrate as a carbon source in its metabolism [40]. The motility
test showed a positive result, indicated by the growth of
bacteria spreading from the stab line, meaning that the
obtained isolate is motile or has flagella [41]. The color
change of the medium to a grayish-purple indicates that the
isolate is capable of degrading ornithine through
decarboxylase enzyme activity [42]. Similarly, the indole
test showed a negative result, indicated by the lack of color
change after the addition of Kovac’s reagent, suggesting that
the isolate does not possess the enzyme tryptophanase [43].
The MR test produced a positive result, as evidenced by the
medium turning red after the addition of methyl red reagent.
This indicates that the isolate is capable of producing acidic
compounds, such as lactic acid, formic acid, and acetic acid,
which lower the pH of the medium [44]. The VP test showed
a negative result, indicated by the absence of pink color
formation after the addition of the reagent. This indicates that
the isolate does not produce acetoin but rather predominantly
generates strong acidic compounds during the fermentation
of glucose [45], [46]. The catalase test yielded a negative
result, as no bubble formation was observed upon the
addition of H:0.. This suggests that the isolate is a
homofermentative anaerobic bacterium that does not
produce the catalase enzyme [47], [48].

The amylolytic activity test showed a positive result,
as evidenced by the appearance of a clear zone surrounding
the colony after the addition of iodine. This indicates that the
bacteria are capable of hydrolyzing starch [49]. This ability
suggests that the isolate produces the enzyme amylase as an
effort to obtain energy sources from starch [50], [51]. The
proteolytic activity test yielded a positive result, indicated by
the formation of a clear zone around the colony. This clear
zone reflects the activity of protease enzymes that hydrolyze
casein into amino acids [52]. Protease activity is affected by
various factors such as temperature, pH levels, and the
concentrations of both the enzyme and its substrate [53].

Table 1. Results of biochemical tests of probiotic isolates
from naniura of nile tilapia

Characteristics Results
TSIA test A/A
Citrate test -
MR test +
VP test -
Catalase test -
Motility, Indole, M, -, +
Ornithine test

Amylolytic Activity Test +
Proteolytic Activity Test +

Note: A/A = Acid/acid, M = motile, (+) = positive reaction, (—) = negative
reaction

Identification of the Genus of Probiotic Bacteria

The bacterial isolate obtained showed characteristics
consistent with bacteria from the genus Enterococcus.
According to Cowan and Steel's Manual for the
Identification of Medical Bacteria, Enterococcus species are
Gram-positive cocci, with some species being motile,
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catalase-negative, and facultatively anaerobic [54].
Enterococcus is classified as a lactic acid bacterium found in
soil, surface water, and even marine environments [55].
Phylogenetically, Enterococcus belongs to the phylum
Firmicutes, class Bacilli, order Lactobacillales, and family
Enterococcaceae [56].

Antibacterial Activity of Probiotic from Naniura of Nile
Tilapia against Salmonella typhi

The antibacterial activity test was performed using
the disk diffusion method with 5 mm diameter paper disks.
Observations were made by examining the clear zones
around the disks as indicators of antibacterial activity. Sterile
distilled water was used as a negative control, and 5%
ciprofloxacin served as the positive control. Ciprofloxacin is
a fluoroquinolone-class antibiotic effective against Gram-
negative bacteria, including Salmonella typhi, with reported
inhibition zones ranging from 26—33 mm [57]. In this study,
ciprofloxacin produced a wide inhibition zone, indicating its
effectiveness as both a bactericidal and bacteriostatic agent
[58]. while sterile distilled water showed no inhibition zone
due to its neutral properties [59]. The antibacterial activity is
illustrated in Figure 1.

Figure 1. Antibacterial activity of naniura probiotics and
control against S. typhi

The inhibition zone diameters for the naniura
treatment, positive control (ciprofloxacin), and negative
control (sterile distilled water) against Salmonella typhi are
presented in Table 2.

Table 2. Inhibition zone diameter of naniura and control of

S.typhi
Treatment Diameter (mm) + SD (n=3)
Naniura Probiotics 12.8 +£0.36
Ciprofloxacin (control +) 28.1+0.17
Sterile distilled water 0

(control -)

Based on Table 2, it shows that the probiotic from
naniura made from Nile tilapia can inhibit the growth of
Salmonella typhi with an inhibition zone diameter ranging
from 10 to 20 mm. According to the classification by
Rahayuningsih et al. [60], this value falls into the strong
inhibition category, although according to CLSI (Clinical
and Laboratory Standards Institute) standards, it is still
classified as resistant (<14 mm).

According to the Clinical and Laboratory Standards
Institute (CLSI), the interpretation of inhibition zones
against Gram-negative bacteria such as Salmonella using
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standard antibiotics is categorized as susceptible (=21 mm),
intermediate (16-20 mm), and resistant (<15 mm),
depending on the type of antibiotic. Although naniura
extract is not a synthetic antibiotic and cannot be directly
compared, the 12.8 mm # 0.36 inhibition zone indicates
moderate antibacterial activity. This suggests that the
Enterococcus isolate from naniura has potential as a natural
probiotic agent capable of inhibiting enteric pathogens [61].
However, the disk diffusion method has limitations, such as
its inability to determine the Minimum Inhibitory
Concentration (MIC), distinguish between bacteriostatic and
bactericidal effects, or provide time—kill dynamics [62].

This antibacterial potential is suspected to originate
from LAB that has probiotic potential with the genus
Enterococcus identified from the isolate. In addition to
producing organic acids, Enterococcus is also known to be
capable of producing bacteriocins, which are antimicrobial
extracellular protein or peptide compounds [63].
Bacteriocins work by forming pores in the membranes of
pathogenic cells, causing leakage of cell contents and
disrupting homeostasis, ultimately inhibiting growth and
leading to the death of pathogenic cells [64], [65], [66]. A
similar study by Artha [67], showed that Enterococcus
faecium can inhibit Listeria monocytogenes through the
same mechanism.

Conclusion

The probiotic bacterial isolate from naniura of Nile
tilapia (Oreochromis niloticus) has characteristics of white
colonies, Gram-positive cocci, and is actively fermenting
glucose, lactose, and sucrose. The isolate showed positive
results in the MR test, ornithine, motility, amylolytic, and
proteolytic tests, while being negative in the citrate, VP,
indole, and catalase tests. The probiotic from naniura of Nile
tilapia effectively inhibits Salmonella typhi, as indicated by
a strong inhibition zone in the disk diffusion test,
demonstrating its potential as a natural antibacterial agent.
This finding supports the development of functional foods
based on traditional fermentation and highlights the potential
role of indigenous probiotic sources in reducing antibiotic
resistance and improving public health through natural
dietary interventions.
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