
 

 
 

  

 
 

 
 

                                                    

 

 
1 

 

  

PARTIAL CHARACTERIZATION OF BACTERIOPHAGES INFECTING SALMONELLA SP. CAUSE OF FOODBORNE 

DISEASE 
 

Erlia Narulita*1,2,4, Fiqih Ramadhan3, Riska Ayu Febrianti2,4, Ria Yulian5, Afifatur Rofiqoh2, Zidna Amalia Firdausy2, Mochammad 

Iqbal1  
 

Address(es):  
1 Department of Biology Education, University of Jember. Jl. Kalimantan No. 37, Tegalboto, Jember 68121, East Java, Indonesia. 
2 Laboratory of Molecular Medicine, Center for Development of Advanced Sciences and Technology, University of Jember. Jl. Kalimantan No. 37, Tegalboto, Jember 

68121, East Java, Indonesia.  
3 Division of Life Science, Graduate School of Life Science, Hokkaido University, Sapporo 060-0810, Hokkaido, Japan.  

4 Department of Biotechnology, Postgraduate Program, University of Jember. Jl. Kalimantan No. 37, Tegalboto, Jember 68121, East Java, Indonesia. 
5 Department of Agricultural Biological Chemistry, College of Agriculture and Life Sciences, Chonnam National University, Gwangju 500-757, South Korea. 

 

*Corresponding author: erlia.fkip@unej.ac.id 

 
ABSTRACT 

 
Keywords: Bacteriophage, foodborne disease, Salmonella sp. 

 
 

INTRODUCTION 

 

Foodborne disease is mostly caused by contamination during the process of food 

preparation or serving. Contamination occurs through water, dust, air, soil, or food 
processing equipment (Ameme et al., 2016).  Nowadays, foodborne diseases 

become one of the global health problems (Bhardwaj et al., 2015). In Kencong 

Area, a district of Jember Regency East Java Indonesia, in 2016, there were 225 
positive cases of food poisoning. Even until March 2017, there were still positive 

cases in the area. In general, two out of three cases of food poisoning are caused 

by bacteria (Yang et al., 2013). The causative agents of foodborne diseases can 
generally be classified into pathogenic bacteria (Bacillus cereus, Campylobacter 

jejuni, Clostridium botulinum, Clostridium perfringens, Cronobacter sakazakii, 

Esherichia coli, Listeria monocytogenes, Salmonella spp., Shigella spp., 
Staphylococccus aureus, and Vibrio siniapp, viruses (Hepatitis A and Noroviruses) 

and parasites (Cyclospora cayetanensis, Toxoplasma gondii, and Trichinella 

spiralis) (Bintsis, 2017). Based on Nadi et al. (2020) Salmonella are the most 
common species found in foodborne diseases and their presence does not depend 

on the location, season, and the level of primary health of a country. 

The Salmonella-related disease is gaining more attention due to increasing 
incidents in Indonesia. Typhoid fever occurrence, for example, it reaches 148.7 per 

100,000 people/year (Ochiai et al., 2008). The emergence of multidrug resistance 

of Salmonella to almost all antibiotics causes a health crisis. Not only increasing 
medical costs but also increase the percentage of fatality (Faruk et al., 2014). 

Salmonella sp. causing 3 million people died of typhoid fever with the Asian 

continent occupying the highest percentage of deaths by 80% (Doffkay et al., 

2015; Acosta et al., 2017). Endemic countries and at high risk for this disease are 

Pakistan, India, China, Bangladesh, Indonesia, Malaysia, Vietnam, and Tajikistan 

(Ochiai et al., 2008; Iqbal et al., 2020).  
Therapies and treatments that are often used to treat Salmonella infections are 

using antibiotics. Antibiotics can solve these problems, but will create a new 
problem called bacterial antibiotic resistance. According to Herrera-Sánchez et 

al. (2021) some strains of Salmonella are resistant to fluoroquinolones due to the 

presence of a resistant gene called qnrB in their plasmid. Research Wain et al 
(2021) describes the resistance of Salmonella to ceftriaxone. Based on Patra et al. 

(2021) Salmonella enterica Typhimurium in South Asian countries (including 
Malaysia, Thailand, Vietnam, Indonesia, Cambodia, Singapore, and the 

Philippines) is resistant to three or more groups of antibiotics (multidrug 

resistance). Therefore, the use of antibiotics is not effective to overcome this 
problem. 

Another treatment for bacterial infections is the use of bacteriophages. 

Bacteriophages are viruses that specifically infect certain species or even specific 
strains of bacteria (Kakasis & Panitsa, 2019). The results of the study of 

bacteriophage treatment on Salmonella by Lamy-Besnier et al. (2021), using 

mice, proved safe and efficient. They used two types of bacteriophages to infect 
Salmonella typhimurium. Bacteriophages delay and reduce Salmonella 

thyphimurium infection in mice. Host specificity directs the bacteriophage to 

minimize the impact on the normal flora in the human body. 
This character attributes to the advantages of using bacteriophages as biocontrol. 

It does not harm non targeted cells, has a low potential for resistance and high 

stability. Bacteriophages possess a high ability to mutate and replicate and able to 
adjust to the number of their specific target bacteria (Putra and Karuniawati 

2012; Haq et al., 2012; Taj et al., 2014; Susianto et al., 2014). Hence it can be 

used to treat chronic bacterial infections. Another use of bacteriophages is as an 
anti-biofilm agent (Abedon, 2005), disinfectant for the medical environment a 

detector kit for growth and development of pathogenic bacteria, as well as 

antibacterial therapy for pathogens (Brussow, 2005; Skurnik et al., 2006; 

Mangieri et al., 2020). 

Bacteriophage therapy has become a center of attraction for biomedical scientists 

to treat foodborne diseases caused by pathogenic bacteria such as Escherichia coli, 
Klebsiella pneumoniae, Staphylococcus aureus, Pseudomonas aeruginosa, and 

Salmonella sp. (Singla et al., 2016; Bai et al., 2016; Narulita et al., 2018). Many 

studies of bacteriophage as biocontrol of Salmonella sp. have been carried out 

(Sillankorva et al., 2012; Bao et al., 2015; Bardina et al., 2016; Malik et al., 

2017). However, the study of bacteriophages as a biocontrol of Salmonella sp. is 
still rarely done in Indonesia. 

Phage therapy has been proven effective in controlling the pathogens that cause 

food poisoning, both pre-harvest and post-harvest. The provision of phage in the 
pre-harvest and post-harvest can control bacterial contamination such as E. coli 

Salmonella sp. resistance against various antibiotics is one of the current health problems. An alternative to dealing with Salmonella sp. 
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(φSC1, φSC2, φSC3, φSC4, φSC5), food samples (φSM1, φSM2, φSM3), and fish-waste samples (φSUT, φSP1, φSP2). The result showed 

that φSC3, φSC4, φSC5, and φSM1 have broad infection capabilities to the genera of Salmonella, Escherichia, and Staphylococcus. All 

isolates were classified as bacteriophages with DNA nucleic acids. The TEM morphological observations indicated that φSC4 isolates 

belong to the Podoviridae while φSP1 isolates belong to the Myoviridae. These results suggest that the phages could potentially be used 

for biocontrol purposes. However, further characterization, viability measurement and activity are needed before their use in food 

applications against foodborne pathogens. 

ARTICLE INFO 

Received 3. 6. 2024 

Revised 12. 2. 2025 

Accepted 14. 2. 2025 

Published 1. 4. 2025 

Regular article 

https://doi.org/10.55251/jmbfs.10240 

http://www.fbp.uniag.sk/
mailto:erlia.fkip@unej.ac.id
https://doi.org/10.55251/jmbfs.10240


J Microbiol Biotech Food Sci / Narulita et al. 2025 : 14 (5) e10240 

 

 

 

 
2 

 

  

O157: H7, Salmonella, and Campylobacter in food products. However, 

bacteriophages cannot be used directly as biocontrols because the characterization 

and interaction between bacteriophages and host bacteria that are not yet clear will 

increase host virulence (Tarabees et al., 2016). Thus, molecular characterization 

is needed to determine the diversity of bacteriophage Salmonella sp. and to analyze 

interactions between phage and host bacteria. The objectives of this paper were to 
virulence ability of bacteriophages infecting Salmonella spp. by host range 

analysis and partial characterization of bacteriophage such as the morphological 

structure of bacteriophages, nucleic acid content, and protein profiles. 
 

 

MATERIAL AND METHODS 

 

Isolation and characterization of Bacterial Host Strains  

 

Salmonella sp. isolated from two food samples of street vendors in Kencong and 

one sample from Puger fish auction market, Jember. The samples obtained were 
enriched using Luria Bertani Broth and incubated for 24 hours. Enriched samples 

were diluted, and serial dilutions of 10-3 were planted on Salmonella Shigella Agar 

(SSA). A single colony was purified using the quadrant streak plate method 
(Yamada et al., 2007). 

 

Isolation and Purification of Bacteriophages 

 

Same sampel using for isolation Salmonella sp. also used for isolation 

bacteriophages. The sampels were cultured on Luria Bertani (LB) Broth, which 
had been inoculated with Salmonella sp. for 24 hours. The incubation results are 

centrifuged at 12,000 rpm for 10 minutes. The supernatant is filtered using a 0,22 

μm membrane filter. The filtration results were then conducted for a spot test on 
Salmonella sp., which will serve as the primary host. Bacteria that showed positive 

results on the spot test then were tested plaque. The plaque that arises is taken and 

cultured on LB Broth. Centrifugation was carried out at 12,000 rpm for 10 minutes. 
The supernatant obtained was filtered using a membrane filter. The filter results 

are pure bacteriophage isolates that are ready to use. Back culture was performed 

using the spot test method, which was then shaken with the SM Buffer to extend 
the life of the bacteriophage sample. Bacteriophage isolates in BC Buffer are used 

as work isolates (Ackermann, 2009).  

 

Host Range Analysis of Bacteriophages 

 

Host range analysis was performed using the spot test method from Narulita et al 

(2018) with slight modification of titer bacteriophage droplets on top agar using 

108 PFU/mL. The bacteria used in this test can be seen in Table 1. The bacteria to 

be used were cultured on Luria Bertani Broth then incubated at 37ºC for 5 hours 
(initial exponential phase). The incubated bacterial culture was included in Top 

Agar (0.8% agar) as much as 300 μL and poured in Luria Agar. The double-layer 

medium that has been made is then allowed to stand for about 30 minutes, and then 
it is filtered with several bacteriophages tested to determine the host range. Each 

bacteriophage was deposited as much as 5 μL.  

 

Preparation of bacteriophages for transmission electron microscopy 

 

The highest titer of bacteriophages in the liquid medium obtained from the primary 
host of each bacteriophage, was then purified. The concentrated phage was dripped 

on a copper grid coated with formvar-carbon and allowed to absorb for 2 minutes. 

Staining was done using 1% Na-phosphotungstate and observed under an JEM-

1400 JEOL/EO transmission electron microscope (Narulita et al. 2016). 

 

Table 1 Bacteria used in this study 

No 
Bacteria Name / Isolate 

Code of Isolate 
Origin 

1. Salmonella spp./ KP1 Food,   Food, Kencong 
2. Salmonella sp. / KP2 Yulian et al. (2020) 

3. Salmonella spp./ KJ12 Food, Kencong 

4. Salmonella spp./ P21A Fish, Puger 
5. Salmonella spp ./ P21B Fish, Puger 

6. Salmonella sp./ P21D Yulian et al. (2020) 

7. 
Salmonella. typhimurium 

ATCC 14068 
Lab. Molecular Medicine, CDAST 

8. Salmonella typhi 
Lab. Microbiology, Department of 

Biology 

9. Escherichia coli 
Lab. Microbiology, Department of 

Biology 

10. Staphylococcus aereus 
Lab. Microbiology, Department of 

Biology 

 

Bacteriophages Genomic Analysis 

 

The standard technique for DNA isolation is that bacteriophage particles added 

with buffer lysis and Proteinase-K then added 1: 1 (v/v) PCI (25: 24: 1). The top 
layer was transferred into a new tube and added 3M Sodium acetate (10% × sample 

volume) and added 2.5× volume of absolute EtOH The mixture was incubated at -

20°C overnight. The pellet was centrifuged at a speed of 15,000 rpm, 4ºC for 15 
minutes. The pellets obtained were added with 500 µl 70% ethanol and centrifuged 

for 5 minutes, the fan then was dried. In the final stage, TE buffer was added pH 

8. Before being visualized using horizontal electrophoresis of 3 µl, each genome 
that had been isolated was treated by adding DNAse and RNAse enzymes to find 

out the type of nucleic acids (Sambrook and Russell, 2001).  

 

Structural Protein Profiles of bacteriophage 

 
Analysis structural prorein profile determine using SDS-PAGE method was 

performed by Narulita et al (2018). A sample of 50 μL purified phage particles 

(5×1010 PFU/mL) was dissolved in 50 μL loading buffer (50 μL Mercaptoethanol, 
950 μl sample buffer (2×) for SDS-PAGE). After heating at 95°C for 5 min, the 

samples were subjected to electrophoresis in 12% SDS-PAGE gel along with 

protein markers with Trisglycine as running buffer. After electrophoresis, proteins 
were visualized by staining with Coomassie Brilliant Blue.    

 

RESULTS AND DISCUSSION 

 

Isolation and purification bacteriophage 

 
Table 2 showed morphological characteristics of each bacteriophage isolate. The 

data also showed primary host bacteria each bacteriophage and sample were origin. 

There were eleven bacteriophages obtained, five from washing water samples 
(φSC1, φSC2, φSC3, φSC4, φSC5), three from food samples (φSM1, φSM2, 

φSM3), one isolate from shrimp (φSUT) and 2 isolated from fish (φSP1 and φSP2). 

On average, each isolate has a size of more than 1 mm. 
 

 

Table 2 Morphological Characteristics of Bacteriophages Infecting Salmonella sp. 

No Bacteriophage Primary Host Origin Diameter Plaque (mm) Characteristic of Plaque 

1. φSC1 KP1 Food, Kencong ± 2:01 - 3:05 Clear with no halo 

2. φSC2 KP1 Food, Kencong ± 2:23 - 3:10 Clear with no halo 

3. φSC3 KP2 Food, Kencong ± 2:14 - 3:18 Clear with no halo 
4. φSC4 KJ12 Food, Kencong ± 2.02 - 2.10 Clear with no halo 

5. φSC5 KJ1.2 Food, Kencong ± 2.12 - 3.12 Clear with no halo 

6. φSM1 KP1 Food, Kencong ± 2.04 - 3.08 Clear with no halo 
7. φSM2 KP2 Food, Kencong ± 2.07 - 3.80 Clear with no halo 

8. φSM3 KJ1.2 Food, Kencong ± 2.45 - 3.87 Clear with no halo 

9. φSUT P21A Fish, Puger ± 1.00 - 2.00 Halo 
10. φSP1 P21D Fish, Puger ± 1.00 - 2.00 Clear with no halo 

11. φSP2 P21D Fish, Puger ± 1.00 - 2.00 Halo 

C: bacteriophage isolated from washing water; M: bacteriophage isolated from food; UT: bacteriophages isolated from shrimp; PI: bacteriophages isolated from fish 
 

Host Range Test of Bacteriophage 

 
The results of the host range test showed that four isolates of bacteriophage φSC3, 

φSC4, φSC5, and φSM1 could infect all bacteria used. These results indicate that 

the four bacteriophages belong to broad host range phage (Table 3), while other 

bacteriophage isolates cannot infect certain bacteria. 
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Table 3 Host Range Test of Bacteriophages Against Multiple Bacterial 

Phage Host Primary 

Infections Range 

KP1 KP2 KJ12 P21A P21B P21D 
S. typhimurium 

ATCC 14 068 
S. typhi E. coli S. aereus 

φSC1 KP1 ++ + + + + + + + + - 

φSC2 KP1 ++ - + + ++ + + + - - 

φSC3 KP2 + ++ + + + + + + + + 
φSC4 KJ1.2 + + ++ + + + + + + + 

φSC5 KJ1.2 + + ++ + + + + + + + 

φSM1 KP1 ++ + + + + + + + + + 
φSM2 KP2 - ++ + ++ + + + - - + 

φSM3 KJ1.2 - + ++ - + + + + + + 
φSUT P21A - + - ++ + + + + - + 

φSP1 P21D - - + + + ++ + + - - 

φSP2 P21D - - + + ++ ++ + + + - 

++ (clear plaque), + (turbid plaque), - (not infected) 
 

TEM Analysis of Bacteriophage 

 
The results of TEM φSC4 showed the characteristics belongs to Podoviridae and 

showed a head size of 74x72 nm (Figure 1a). φSP1 is a classified as Myoviridae. 

The capsid is icosahedral, 75x70 nm in size (Figure 1b-1). The tail is extensive, 
185 × 8.75 nm (Figure 1b-2) and has fibers tail in the terminal tail (Figure 1b-3). 

 
Figure 1 TEM of observation. (a) φSC4; (b) φSP1: capsid (black narrow 1), 

contractile (black narrow 2), fiber tail (black narrow 3). (a) scale bar 20 μm, (b) 

scale bare 100 μm. 
 

Bacteriophage Genomic Analysis 

 
Eight of eleven isolates bacteriophage succeed were genome isolated. In figure 2 

showed all bacteriophage grouped as dsDNA. It can be seen from the results of 

genome treatment that DNAse successfully degraded the genome but not 
successful degraded by RNAse. The size genome from undigest with nuclease 

enzyme about > 1 kb. 

 
Figure 2 Visualization electrophoresis DNA genome of bacteriophage. (M) 

Marker λ/StyI, (1) φSC1, (2) φSC2, (3) φSC3, (4) φSC4, (5) φSC5, (6) φSM1, (7) 
φSM2, (8) φSM3, (9) φSUT, (10) φSP1, (11) φSP2. (a) genome bacteriophage 

undigest/without treatment with DNAse/RNAse, (b) genome bacteriophage 

treatment with DNAse, (c) genome bacteriophage treatment with RNAse. 
 

Structural Protein Profiles 

 
Three bacteriophage from Puger fish auction market succeed determination 

profiling structural protein. Bacteriophage φSUT has one major protein that is 44 

kDa and has minor proteins of 170 kDa, 120 kDa, 64 kDa, 37 kDa. Bacteriophage 
φSP1 has one major protein measuring 34 kDa and minor proteins measuring 52 

kDa and 47 kDa. Bacteriophage φSP2 has one major protein measuring 34 kDa 

and minor proteins measuring 57 kDa, 48 kDa, 42 kDa (Figure 3). 

 
Figure 3 Visualization electrophoresis profiling protein bacteriophage by SDS-

PAGE. (M) protein marker, (1) φSUT, (2) φSP1, (3) φSP2. black narrow (a) 
indication mayor protein of φSUT = 44 kDa, black narrow (b) indication mayor 

protein of φSP1 = 34 kDa, black narrow (c) indication mayor protein of φSP2 = 34 

kDa. 
 

DISCUSSION 

 
Bacteriophages or phages are viruses that infect bacteria. Based on Kwiatek et al 

(2020), the ability to infect and destroy bacterial cells makes bacteriophages a 

candidate for bacterial infection therapy. Bacteriophage therapy has many 
advantages and can overcome antibiotic problems, such as antibiotic resistance. 

Bacteriophages perform specific activity against target pathogens, without 

reducing or eliminating other physiological microflora. The immune system will 
also eliminate bacteriophages from the body after eradicating the target pathogen. 

Bacteriophages exist in every environment as long as a bacterial host is available 

and plays an important role in many biological processes (Kakasis & Panitsa, 

2019). In this study, the isolation of bacteriophages originated from Kencong and 

Puger areas in Jember Regency East Java, which was prone to food poisoning 
cases. 

Plaque grouped into three sizes: small if the plaque is less than 2 mm, medium if 

the plaque is 2 mm, large if plaque-sized is more than 2 mm (Ellis and Winters, 

1969; Melo et al., 2020). From this reference, isolate bacteriophages from 

Kencong grouped in medium until large plaque and isolate bacteriophages from 

Puger grouped in small plaque. The three bacteria isolated from Kencong and 
Puger can be the primary host of bacteriophages isolated from the same location. 

It is because the isolated phages have receptors that interact and infect these 

bacteria, which allows the formation of plaque. Receptors with different structures 
will not be possible for interaction, so there will be no plaque formed (Haq et al., 

2012). There was no significant difference in bacteriophage type between samples 

from wastewater, food, shrimp, and fish. Based on the size of bacteriophages with 
an average size of 2 mm for each bacteriophage isolate, the Myoviridae type was 

found to be more dominant. 
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The plaque which appeared in the eighth isolates from Kencong belongs to the lytic 

bacteriophage (virulent), no bacteriophages classified as lysogenic (temperate). On 

the other hand, more diverse results showed in isolates from Puger. φSUT a very 

turbid plaque, φSP1 formed not turbid and not clear plaque, and φSP2 formed 

apparent plaque. Highly virulent or lytic strains that create plaques that look clear 

is apparent plaque, while strains that only kill a fraction of their hosts, or only 
reduce the rate of cell growth is turbid plaque (Ko¨hler et al., 2010). Based on their 

life strategy, phages are divided into moderate phages and virulent phages. Phages 

are undergoing horizontal gene transfer to propagate their virulence genes. Virulent 
phages will lyse their hosts and are an ideal weapon to destroy bacterial cells 

(Kutter & Sulakvelidze, 2005). According to the type of infection, bacteriophages 
are classified into two types: lytic and lysogenic. Lytic bacteriophages (also known 

as virulent bacteriophages) can cause death in host bacterial cells due to the process 

of lysis and release of new phages into the extracellular space. Lysogenic 
bacteriophages (also known as medium bacteriophages) will integrate genetic 

material into the host bacterial cell genome and will be replicated along with the 

host bacterial genome without a lysis mechanism (Gordillo Altamirano & Barr, 

2019). Phage therapy is defined as the administration of virulent phages directly to 

patients with the aim of lysing pathogenic bacteria that cause clinically relevant 

infections (Clokie et al., 2011). 
In contrast, lysogenic bacteriophages only integrate nucleic acids in host cells. So 

that bacterial host cells can move (Samson et al., 2013). Besides, turbid plaque 

also occurs due to the imperfect lysis process because of weak adsorption levels 
on the host cell. It produces immature bacteriophage particles in the lytic cycle 

(Bondy-Denomy et al., 2016; Kawasaki et al., 2016; Weinbauer, 2004). Other 

factors that affect the shape of the resulting plaque include a decrease in the lytic 
level of a bacteriophage in infecting host cells (lysis inhibitory phenomenon), 

differences in the ability of bacteriophages to produce specific enzymes to destroy 

bacterial envelope that result in plaque appearance (Narulita et al. 2016). 
Generally, bacteriophages can only infect a narrow range of cells or the host 

specific (Narulita et al. 2016; Grygorcewicz et al., 2015; Adam 1959). It occurs 

due to a combination of several factors, including the incompatibility of 
bacteriophage binding proteins in bacterial receptors, biochemical interactions 

during the infection process, the presence of associated prophages (mainly in 

bacteriophages that absorb into the pili), and resistance mechanisms in 
bacteriophages (Hyman and Abendon, 2010; Diaz-Munoz.and Koskella, 2014; 

Golkar et al., 2014; Leskinen et al., 2017). The results of the host range test 

showed that the eight isolates had broad range capability, with four bacteriophage 

isolates (φSC3, φSC4, φSC5, and φSM1) infect all bacteria used in the host range 

test. The presence of broad range bacteriophages is because these bacteriophages 

have many protein binding receptors on their capsid, which provide the ability of 
at least two proteins to adsorb and recognize different structures in bacteria (Santos 

et al., 2011). In addition, the broad range capability of bacteriophages is also 

caused by the presence of lytic enzymes and endolysin enzymes (Legotsky et al., 

2014; Shende et al., 2017). 

Bacteriophage phenomenon Salmonella spp. which has a wide host was reported 

in several studies. Bacteriophage EHR1 can infect S. aureus, Salmonella spp., P. 
aeruginosa, Klebsiella spp., and Proteus spp. (Jurczak-Kurek et al., 2016); φS-

394 is capable of infecting gram-negative bacteria Enterobacteriaceae (Samson et 

al., 2013); rV5-like phage has a range of infections covering many gram-negative 
Enterobacteriaceae (Kropinski, 2009); Felix-O1 like-phage Myoviridae can infect 

the Genus Salmonella (Bodier-Montagutelli et al., 2017). 

The results of TEM φSC4 showed the characteristics belongs to Podoviridae and 
φSP1 is a classified as Myoviridae. Salmonella lytic phage isolated by Islam et al 

(2020), belongs to the Podoviridae family; Esmael et al (2021), belong to the 

Myoviridae Family (Samson et al., 2013); and Li et al (2021), included in the 

Siphoviridae family. The three studies above show that Salmonella phages belong 

to the Order Caudovirales. Most of the Caudovirales were described as lytic phages 

(96%). Phages belonging to the order Caudovirales have linear and uncoated 
double-stranded DNA; most of them display contractile, non-contractile or short 

tails (Bodier-Montagutelli et al., 2017). 

Nucleic acid type test result showed eight bacteriophages from Kencong and three 
from Puger having DNA nucleic acids. The DNA of the 8 genomes of the isolate 

was degraded by the DNAse but was not degraded by RNase. DNAse is enzymes 
that play a role in the process of DNA degradation (Bodier-Montagutelli et al., 

2017). The type of bacteriophage nucleic acid can be determined by comparing the 

results of genome visualization by applying DNAse and RNAse enzymes. If the 
bacteriophage genome is degraded by DNAse, it means that the nucleic acid owned 

by the bacteriophage is DNA, and if the bacteriophage genome is degraded by 

RNAse, it means that the nucleic acid owned by the bacteriophage is RNA (Bao et 
al., 2011). Bacteriophage Salmonella spp. identified as bacteriophages with DNA 

nucleic acids have also been reported in various other studies. These include four 

lytic bacteriophages Salmonella isolated from lagoon namely φPR04-1, φPR04-
16, φPR21-11, and φPR21-26 (Counis and Torriglia, 2006), as well as 

Bacteriophages PSPu-95 and PSPu-4-116 isolated from SPu-95 and SPu- 

Salmonella pullorum 116 (McLaughlin and King, 2008). 
Bands that are thick on the SDS-PAGE gel indicate bands from major proteins and 

vice versa, bands that are thin on the SDS-PAGE gel indicate bands from minor 

proteins. Differences that appear when observing protein profiles will result in 
differences in host range and differences in plaque morphology, even though 

bacteriophages are from the same family, each bacteriophage has unique structural 

proteins depending on its morphological type (Ngangbam and Devi, 2012). Minor 

proteins in bacteriophages are responsible for capsid structure formation and DNA 

packaging (Drogge et al., 2000), most proteins owned by bacteriophages have a 

function to help stabilize the structure of the bacteriophage itself. Kerketta, et al 

(2014) reported that the Salmonella-infecting STIz1 bacteriophage had 2 major 
proteins measuring 36 kDa and 29 kDa and 2 minor proteins, 59 kDa and 16 kDa, 

respectively. Turner et al (2012) also reported that salmonella-infecting 

bacteriophages have 4 major proteins measuring 14 kDa, 40 kDa, 41 kDa, 79 kDa 
and have 5 minor proteins measuring 10 kDa, 19 kDa, 20 kDa, 55 kDa, 90 kDa. 

All the bacteriophages that have been isolated by the researchers belong to the 
Siphoviridae family. 

 

CONCLUSION 

 

Eleven bacteriophages were isolated from washing-water samples (φSC1, φSC2, 

φSC3, φSC4, φSC5), food samples (φSM1, φSM2, φSM3), and fish-waste samples 
(φSUT, φSP1, φSP2). The result showed that φSC3, φSC4, φSC5, and φSM1 have 

broad infection capabilities to the genera of Salmonella, Escherichia, and 

Staphylococcus. All isolates were classified as bacteriophages with DNA nucleic 
acids. The morphological observations using TEM indicated that φSC4 isolates 

belong to the Podoviridae while φSP1 isolates belong to the Myoviridae. Nucleic 

acid type test result showed eight bacteriophages from Kencong and three from 
Puger having DNA nucleic acids. Three bacteriophage from Puger fish auction 

market succeed determination profiling structural protein. Bacteriophage φSUT 

has one major protein that is 44 kDa and has minor proteins of 170 kDa, 120 kDa, 
64 kDa, 37 kDa. Bacteriophage φSP1 has one major protein measuring 34 kDa and 

minor proteins measuring 52 kDa and 47 kDa. Bacteriophage φSP2 has one major 

protein measuring 34 kDa and minor proteins measuring 57 kDa, 48 kDa, 42 kDa. 
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