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Abstract. The mass death in tilapia fish farming, in Sorong District in 2018, caused considerable losses.
This study aimed to identify the cause of mass mortality in tilapia fish farming in Sorong District. Fish
samples were taken from 4 sub-districts with nine sampling locations in Sorong district, the samples
were then isolated from bacteria. The obtained bacterial isolates were characterized and biochemically
tested for bacteria. As a result, 20 pure bacterial isolates were obtained. The results of the
characterization of bacterial isolates showed that all isolates were Gram-negative and oxidation-positive.
11 of them were catalase-positiveand 9 were catalase-negative. Indol test reaction showed all were
positive, except the SMA isolates. Bacterial carbohydrate fermentation test results showed all isolates
are positive, excepted glucose SMA isolates. 12 isolates are lactose-positive and 8 negative. Bacterial
isolates were obtained at densities of 10-12 CFU mL, in live fish samples taken from several ponds,
there were several bruises and several fish in the pond died. One characteristic of bacterial infection is
the presence of ulcers in fish. The results demonstrate that the fish mortality in Sorong District was
caused by Aeromonas hydrophila infection.
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Introduction. The aquaculture sector has an important role for human food production,
due to the high nutrient content of fish. Fish is a source of protein, which is essential for
the human health (Baldissera et al 2018). Aquaculture growth worldwide is counter-
balanced by infections and spread of disease. In Indonesia, the resulting losses
amounted 3 million dollars per year (Kang et al 2013). The occurrence of mass deaths in
Nile tilapia (Oreochromis niloticus) fish ponds in Malaus village, Malaus sub-district,
Sorong District, in 2018, caused considerable losses. The clinical symptoms suggested
that an infectious disease could be the cause. O. niloticus is one of the most cultured fish
species in West Papua and the demand growths by 12.2% yearly (Fadl et al 2017).

The emergence of a disease in the cultivation unit can have various reasons,
including environmental conditions and pathogenic bacteria. Elucidating the cause of fish
death or health deterioration is crucial (Stride et al 2014). Among the most dangerous
diseases are infections caused by bacteria, viruses, and parasites. Aeromonas hydrophila
is a bacterium causing lethal Motile Aeromad Septicemia (MAS). The main symptoms are:
tissue tear, bleeding, ulcers, swelling, and rupture of blood vessels (Ling et al 2016). In
the early 2000s, there were reported and successfully isolated pathogenic bacteria
attacking eel, namely Vibrio vulnificus, Edwardsiella tarda, and Aeromonas bacteria.
Currently, a new disease emerged due to Shewanella putrefaciens and Shewanella
xiamenensis (Esteve at al 2017). In salmon, Aeromonas salmonicida caused furunculosis
(Menanteau-Ledouble & ElI-Matbouli 2016).
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The current research was conducted to describe the causes of mass death of fish
that occurred in Malaus Village, Sorong District. Identification was done by purifying
bacterial isolates and biochemically tested.

Material and Method

Sampling location and methodology. According to Suman et al (2014), South Papua
(Sorong District) is an area rich in demersal fish resources such as shrimp, red snapper,
white snapper, bawal, stingray, milk shark and also small pelagic fish such as teri, tuna,
bloated and other fish groups such as grouper, napoleon, lobster, and ornamental fish. In
general, climate and weather conditions in Sorong district range between 20-38°C, with a
temperature change of 2°C per year, wind speeds ranging from slow to moderate,
between 8 and 15 m sec!. The study was conducted based on information from the
District Fisheries Service of Sorong, where there was a mass death of O. niloticus in one
of the ponds from Malaus Village, due to an unknown disease. The collected information
allowed retracing the distribution of the fish farming units across the Sorong district. The
research location can be seen in Figure 1.
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Figure 1. Sampling location.

Samples consisted in five O. niloticus specimens randomly chosen from the pond. Water
quality data were collected from each location. Samples were put into a bag filled with
water and labeled, at each location.

Sampling locations selection was based on interviews and discussions with the
head of the Sorong District Maritime Affairs and Fisheries Office. They were located in 4
sub-districts, namely Salawati, Mariat, Aimas, and Klamono. These four sub-districts are
producing aquaculture production in Sorong District. Twenty samples were collected from
the above mentioned areas. Salawati is a sub-district that cultivates more fish compared
to the other sub-districts in the district of Sorong, so that the majority of samples were
taken in Salawati sub-district by five pieces. Water quality parameter testing was also
carried out to support research data. Water quality parameters tested were brightness,
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temperature using a water thermometer, pH using pH pen (CT-6023 Kedida, China),
ammonia, nitrate, nitrite and DO using reagent kit (water test kit). Nitrite test was
carried out by taking 5 mL of water sample and placing it into a reaction bottle.
Afterwards, 5 drops of reagent 1 was added and shaked until homogeneous. 5 drops of
reagent 2 were added and shaked until homogeneous. After 5 minutes the color was
matched with the color indicator.

Bacterial isolation. Bacterial isolation was carried out at the Sorong Fish Quarantine
and Quality Control Station. The bacteria were isolated from fish gills by aseptically
opening the gill cover and then cutting fins with scissors and putting them in a sterile test
tube. Homogenization was carried out by vortexing and was diluted 12 times, dilutions
10, 11, and 12 were planted in Petri dishes. Each Petri dish was labeled at the sampling
location. Bacterial isolation was carried out by taking isolates with the highest value of
CFU mL™? for the bacterial colonies found in the last three dilutions. Then, the isolates
were purified by re-striking the Petri dish, in order to obtain pure bacterial isolates ready
to be planted on sloping agar (Tariqg et al 2016).

Bacterial characterization. The bacteria planted on agar media (TSA) produced 30
bacterial isolates, which were then purified into 20 bacterial isolates, in several steps.
Thirty bacterial isolates were characterized through the Gram staining test. A catalase
test was carried out by dripping 3% hydrogen peroxide on the bacterial colony (Wu et al
2012). The tryptopan enzyme activity test was carried out by dripping the Kovacs
reagent. Only isolates or colonies that had the same regular cell shape were continued to
the next stage (Boulares et al 2012). From this operation 20 bacterial isolates resulted
with separate cell forms.

Bacterial biochemistry test. The obtained pure bacterial isolates, once morphologically
characterized, were then biochemically tested, as the initial stage of the bacterial
identification process. Bacterial identification was carried out to ascertain the cause of
death, by inclusuvely using the standard biochemical tests (Whitman et al 2012).
Bacterial isolates were rejuvenated to obtain a better bacteria growth performance. The
catalase test was carried out by taking a colony and dripping H,O, (Boubekri & Ohta
1996). The characteristic reaction of the biochemical tests carried out is the carbohydrate
fermentation, including glucose, lactose, arabinose, glucose, inositol, mannitol, maltose,
trehalose, xylose, sorbitol, dulsitol, and sucrose (Boubekri & Ohta 1996). Chemical
reaction tests were carried out to observe which enzymes were activated by bacteria
which were indicated by changes in color. This was carried out with triple sugar iron (TSI)
Agar, lysine iron agar (LIA), arginine dihydrolase, lysine decarboxylase, ornithine
decarboxylase, Simmons citrate, H,S, urease, indole, MR, VP, TCBS Mac Konkey, Muler
Hinton broth, phenylalanin deaminase, aesculin, and gelatin (Sakai et al 1993; Khan &
Ghosh 2012). The test was carried out by inserting and adding isolates into the test
solution available in each test tube. Among the tests, there were chemical preparations,
such as: indol, MR, VP, and ornithine (Pandolfi et al 2007).

Carbohydrate fermentation test. The ability of bacteria to hydrolyze carbohydrate
members is an indicator of bacterial type, namely aerobic or anaerobic (Reddick 1975).
Carbohydrate derivatives used to test are glucose, lactose, arabinose, inositol, mannitol,
maltose, trehalose, xylosa, sorbitol, dulcitol, and sucrose.

Morphological character of bacteria. The results of dilutions 10, 11, and 12 in the
bacterial isolation process resulted in 30 isolates, which were then purified into 20
isolates. The isolates were then subjected to morphological and gram tests (purple
crystals and safranin), using a microscope (CX23 Olympus, Japan) (Claus 1992). The
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parameters observed included the color, shape and edge of the colony, the elevation, the
cell shape, color, and the Gram type (Brucker 1986). Also, gram and oxidative
fermentative (O/F) agar tests were used to determine the B-hemolytic which showed the
clear zone around the colony or lysis completely, that can be indicated from cytochrome
oxidase, and catalase (Sakai et al 1993). Eye observations of bacterial colonies were
performed for morphological and Gram tests. The tests results showed that all isolates
had Gram (-) and all the colony types shared the following characteristics: color (beige),
colony shape (rounded), edge colony (flat), elevation (convex), cell shape (stem), cell
color (pink). However, SMA isolates had a white colony.

Results and Discussion. O. niloticus mortality in Sorong District is presumed to be
caused by infectious diseases (pathogenic bacteria, viruses, fungi, protozoa, and
parasites) and non-infectious diseases (i.e. unappropriate environmental conditions or
water pollution). More than 30 pathogenic bacteria have the potential to cause diseases
in aquatic biota (Carrias et al 2012). New sources of disease are due to climate change or
limited water resources, requiring extra handling efforts to maintain fish health (Assefa &
Abunna 2018). The vulnerability to the O. niloticus pathology is exacerbated by the
environmental stress. The water quality parameters showed the following average
values: pH of 7.025, temperature of £30°C, brightness of 26.6%, oxygen of 3.775 mg L%,
nitrate of 6 mg L™}, nitrite of 0.6 mg L'* and ammonia of 0.925 mg L. The water quality
measurement results can be seen in Table 1. Aquaculture quality is strongly influenced
by the location. In the laboratory, the optimal water quality for tilapia had the following
parameter values: pH of 6.29, temperature of 26.53°C, DO of 9.00 mg L}, brightness of
100%, ammonia of 0.08 mg L, nitrite of 0.01 mg L and nitrate of 0.46 mg L (dos
Santos et al 2019). The research results of Yilmaz (2019) revealed that the optimal
quality of water in the tilapia culture in tubs has the following parameter values:
temperature of 27°C, pH of 7.32, DO of 7.5 mg L, ammonia of 0.015 mg L™, nitrite of
0.022 mg L and nitrate of 0.10 mg L!. Water quality for fish culture in ponds has the
following parameter values: pH of 6.5-9, temperature of 25-39°C, brightness of 30-40%,
DO of 3-5 mg L, nitrite of 0.5-2.5 mg L' and ammonia of 0.7-2.4 mg L™ (Boyd 1990).
Therefore, it can be concluded that the water quality at the study site was still in the
normal ratio and was suitable for aquaculture production.

Table 1
Water quality parameter

Test parameter . __ sub-district
Salawati Mariat Aimas Klamono
pH 7.1+0.6 7.1+0.2 6.8+0.7 7.5+0.0
Temperature (°C) 29.3+0.5 28.5+0.5 29.8+0.4 30.0+0.0
DO (mg L™) 3.9+0.6 3.5+0.4 3.8+0.5 4.0+£0.0
Brightness (cm) 25.0+5.8 27.8+7.5 28.2+2.4 30.0+0.0
Nitrate (mg L™) 6.5+2.4 6.3+2.5 5.0+£0.0 5.0£0.0
Nitrite (mg L™) 0.7+0.2 0.5%0.0 0.6%0.2 0.5%0.0
Ammonia (mg L") 0.9+0.5 0.9+£0.25 1.0+£0.0 1.0+£0.0

Biochemical test results showed that all isolates were Gram-negative, coccus-shaped. All
the indole and MR tests were positive isolates. SMA isolates were VP-negative. Citrate
test gave 12 positive isolates and 8 negative isolates. The carbohydrate fermentation test
showed that negative SMA isolates did not react. The sucrose test showed 7 negative
isolates and 13 positive. Other 12 isolates were positive and 8 were Dulcitol-negative.
Lactose showed 8 negative isolates and 12 positive.

The results of bacterial biochemical tests are presented in Table 2 and 3 for the
key parameters used to identify bacteria, according to Whitman et al (2012). The
bacterial biochemical tests included catalase tests and oxidative/fermentative tests.
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These tests are used to explain the ability of bacteria to metabolize carbohydrates by
oxidative, fermentative or non-saccharolytic pathways, a signature of bacteria in the
culture media (Public Health England 2019). Test results showed that all isolates were
Gram negative, this was an indication of B-hemolytic, which can oxidize cytochrome
(Sakai et al 1993). The methyl red (MR) and Voges-Proskauer (VP) tests were
synchronized with IMVIC (indole, MR, VP, and citrate). MR test is an indicator of bacteria
producing acid via the fermentative path. VP aims to detect bacterial production of
acetoin (acetyl methyl carbinol or 3-hydroxybutanone) (Mcdevitt 2009). Only one isolate
was indole-negative, meaning that 19 isolates were able to convert the amino acid
tryptophan with the enzyme tryptopanase. Simmons citrate test resulted in 8 negative
isolates, due to their inability to use citrate as a source of carbon (Reynolds 2018). The
positive motility proved that all the isolated bacteria had flagella (Cowan 2004).

Table 3 presents the bacteria’s ability to perform the fermentation of sugars such
as glucose, lactose, maltose, mannitol, and sucrose, as an indication that bacteria
produce acid, which can be seen in the color change from red to yellow (Tarig et al
2016). All bacterial isolates were able to produce gas in the glucose test. Gobbetti et al
(2005) explained that bacteria can produce the enzyme hexokinase. Maltose
phosphorylase is produced to reduce/ferment maltose, and only SMA isolates are unable
to produce it. According to Garrity et al (2012), SN1la, SN2, SN2a, SN2b, SMb, SW1,
MM3 isolates are A. hydrophila bacteria with morphological characteristics that were short
stem, positive oxidation, positive catalase, positive motility, produce gas, fermentative,
positive indole and citrate with positive results. SN, AN2, AN2a, MM2, MM, AL, Ala, Am2,
AM2a, ML1, ML2a, MN2a, MN are Plesiomonas shigelloides, with the characteristics of
gram negative, live in aquatic, flagged (motile), rod-shaped, glucose and positive
oligosaccharides (Baratéla et al 2001; Pieretti et al 2008), oxidase-positive (Okawa et al
2004), except SMa, which is Pseudomonas pseudoalcaligenes bacteria that have
characteristics not related to carbon, such as sucrose and glucose and are a positive
catalase (Hang et al 2002); reductive, positive in iron agar, nitrate reductions, grow well
on Mac Conkey media (Davis et al 1999; Quinteira et al 2005), gram-negative bacteria,
mesophilic, and does not form spores (Shi & Xia 2003).
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Bacterial isolate biochemical test results

Table 2

Types of Salawati sub-district sample location
chemistry Malaus Majaran Salawati Majener Mariat Klamalu Aimas Malawili Klamono
tests SN SNla SN2 SN2a SN2b Sma SMb  SWi1 AN2 AN2a MM2 MM3 AL Ala Am2 AM2a ML ML2 ML2a MN
Oxidase + + + + + + + + + + + + + + + + + + + +
Oxidative/
fermentative F F F F F NR F F F F + - + + + + + + + +
test
Catalase + + + + + + + + + + - + - - - - - - - -
Motility + + + + + + + + + + + Vv + + + + + + + +
Simon _ ; _ ; V- ~ B
citrate
H2S
. + + + + + - + + + + + - + + + + + + + +
Production
Urease + - - - - V- - - + + - + - - - - - - - -
Indol + + + + + - + + + + + + +  + + + + + + +
MR + + + + + - + + + + + + + + + + + + + +
VP - - - - - - - - - - - - - - - - - - - -
Aesculin + + + + + + + + + + + + + + + + + + + +
Gelatin - + + + + - + + - - - + - - - - - - - -

SN, SN1a, SN2, SN2a, SN2b, Sma, SMb, SW1, AN2, AN2a, MM2, MM3, AL, Ala, Am2, AM2a, ML, ML2, ML2a, MN - code names of the cultivators; + positive; - negative; F -

fermentative; NR - no reaction; V - possible +/-.
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Table 3
Carbohydrate fermentation test result

Types of Salawati sub-district sample location
carbohydrate Malaus Majaran Sabveli Majener Mariat Klamalu Aimas Malawili Klamono
tests SN SNia SN2 SN2a SN2b Sma SMb SW1 AN2 AN2a MM2 MM3 AL Ala Am2 AMZa ML ML2 Ml2a MN
Glucose gas + + + + + - + + + + + + + + + + + + + +
Lactose + - - - - - - - + + + - + 4+ + + + + + +
Arabinosa - + + + + - + + - - - + - - - - - - - -
Glucose + + + + + - + + + + + + + + + + + + + +
Inositol + - - - - - - - + + + - + + + + + + + +
Manitol + \Y, Y Y Y - Y Vv + + + Y, + + + + + + + +
Maltosa + + + + + - + + + + + + + + + + + + + +
Trehalosa + + + + + - + + + + + + + + + + + + + +
Xylosa + + + + + - + + + + + + + + + + + + + +
Sorbitol/salidn  + - - - - - - - + + + - + o+ + + + + + +
Duilcitol + - - - - - - - + + + - + + + + + + + +
Sucrose - + + + + - + + - - - + - - - - - - - -

SN, SN1a, SN2, SN2a, SN2b, Sma, SMb, SW1, AN2, AN2a, MM2, MM3, AL, Ala, Am2, AM2a, ML, ML2, ML2a, MN - code names of the cultivators; + positive; - negative; F -
fermentative; NR - no reaction; V - possible +/-.
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There have been many explanations regarding the causes of O. niloticus mortality by
biochemical identification of bacteria (Zheng et al 2012; Sakai et al 1993; Hamed et al
2018). The bacterial isolates obtained were selected based on morphology, gram
reactions, and catalase tests (Wu et al 2012). Morphological test results of bacteria
showed that all isolates were gram-negative pink, only one white colony. Gram test for
bacteria is essential to know the physiological and biochemical characteristics of cells and
is a fundamental character in the classification and identification of bacteria (Claus 1992).
It is because the bacterial epithelium is susceptible and specific to the colors given crystal
violet and safranin (Nunns et al 1997).

This study demonstrates that O. niloticus mortality in Sorong District was
potentially caused by bacterial infections of A. hydrophila, P. shigelloides, and P.
pseudoalcaligenes. Tables 2 and 3 show the isolates SN1a, SN2, SN2a, SN2b, SMb, SW,
and MM3 were gram negative, had positive responses to oxidation, catalose, motility,
gas, fermentative, indole and citrate that’s showing isolates of A. hydrophila. The positive
carbohydrate fermentation test of isolates in arabinosa, sucrose, mannitol, maltose,
sucrose, and glucose was A. hydrophila (Janda 1985; Garrity et al 2012). SN, AN2, AN2a,
MM2, MM, AL, Ala, Am2a, ML1, ML2a, MN isolates in Tables 2 and 3 had the
characteristics of gram negative, positive on catalase, oxidase, OF (F), motility, lysine,
ornithin, MR and indol, negative on gelatin and VP, as well as carbohydrate fermentation
showed positive results in glucose, lactose, inositol, and negative in arabinose, and
sucrose was P. shigelloides (Doyle 1989; Carter & Cole 1990). Tables 2 and 3 also show
isolates that have characteristics OF (O), positive on oxidase, catalase mortality, and All
carbohydrate fermentation, gelatin, lysine, arginine, ornithine all negative results, this
isolate showed P. pseudoalcaligenes (Carter & Cole 1990). The primary cause of
freshwater fish death was A. hydrophila, a gram-negative motile bacterium having bacilli
characteristics (Fadl et al 2017). The disease caused by A. hydrophila bacteria called MAS
is characterized by infection symptoms such as swelling of tissues, dropsy, red sores,
necrosis, ulceration, and hemorrhagic septicemia (Pridgeon & Klesius 2011). P.
shigelloides are facultatively anaerobic gram-negative bacteria, with motility and oxidase-
positive characteristics and are a family of Vibrionaceae that can infect fish and humans
(Carter & Cole 1990). Fish infections with other Pseudomonas spp. bacteria, such as
Aeromonas spp., Vibrio spp. and Edwardsiella tarda were also reported (Behera et al
2018). The bacterial genus Pseudomonas spp. can be found in the aquatic environment
and is pathogenic also in humans (Devarajan et al 2017). P. pseudoalcaligenes have the
following characteristics: Gram negative, oxidative (+), fermentative (+), producing
carboxylic acid and are able to reduce nitrate with nitrilase (Luque-Almagro et al 2015).

Conclusions. The tested bacteria results suggest that the death cause of O. niloticus in
Sorong district might be A. hydrophila and P. shigelloides. Failures in fish farming can be
caused by infectious diseases. Detection of diseases in addition to analyzing clinical
symptoms must also be accompanied by identification.

References

Assefa A., Abunna F., 2018 Maintenance of fish health in aquaculture: Review of
epidemiological approaches for prevention and control of infectious disease of fish.
Veterinary Medicine International 432497:1-10.

Baldissera M. D., Souza C. F., Verdi C. M., dos Santos K. L. M., Da Veiga M. L., da Rocha
M. I. U. M., Santos R. C. V., Vizzotto B. S., Baldisserotto B., 2018 Aeromonas caviae
inhibits hepatic enzymes of the phosphotransfer network in experimentally infected
silver catfish: Impairment on bioenergetics. Journal of Fish Diseases 41(3):469-474.

Baratéla K. C., Saridakis H. O., Gaziri L. C. ]., Pelayo J. S., 2001 Effects of medium
composition, calcium, iron and oxygen on haemolysin production by Plesiomonas
shigelloides isolated from water. Journal of Applied Microbiology 90(3):482-487.

AACL Bioflux, 2020, Volume 13, Issue 4. 1913
http://www.bioflux.com.ro/aacl



Behera B. K., Bera A. K., Paria P., Das A., Parida P. K., Kumari S., Bhowmick S., Das B.
K., 2018 Identification and pathogenicity of Plesiomonas shigelloides in silver carp.
Aquaculture 493:314-318.

Hamed S. B., Ranzani-Paiva M. J. T., Tachibana L., de Carla Dias D., Ishikawa C. M.,
Esteban M. A., 2018 Fish pathogen bacteria: Adhesion, parameters influencing
virulence and interaction with host cells. Fish and Shellfish Immunology 80:550-562.

Boubekri K., Ohta Y., 1996 Identification of lactic acid bacteria from Algerian traditional
cheese, El-Klila. Journal of the Science of Food and Agriculture 70(4):501-505.

Boulares M., Aouadhi C., Mankai M., Moussa O., Ben, Essid I., Hassouna M., 2012
Characterisation, identification and technological properties of psychotrophic lactic
acid bacteria originating from tunisian fresh fish. Journal of Food Safety 32(3):333-
344.

Boyd C. E., 1990 Water quality in ponds for aquaculture. Agriculture Experiment Station,
Auburn University, Alabama, 482 p.

Brucker M. C., 1986. Gram staining: A Useful Laboratory Technique. Journal of Nurse-
Midwifery 31(3):156-158.

Carrias A., Ran C., Terhune J. S., Liles M. R., 2012 Bacteria and bacteriophages as
biological agents for disease control in aquaculture. Infectious Disease in
Aquaculture. Woodhead Publishing Limited, pp. 353-393.

Carter G. R., Cole 1. R., 1990 Diagnostic procedures in veterinary bacteriology and
mycology. Academic Press, 620 p.

Claus D., 1992 A standardized gram staining procedure. World Journal of Microbiology
and Biotechnology 8:451-452.

Davis J. K., He Z., Somerville C. C., Spain J. C., 1999 Genetic and biochemical
comparison of 2-aminophenol 1,6-dioxygenase of Pseudomonas pseudoalcaligenes
JS45 to meta-cleavage dioxygenases: Divergent evolution of 2-aminophenol meta-
cleavage pathway. Archives of Microbiology 172(5):330-339.

Devarajan N., Kéhler T., Sivalingam P., van Delden C., Mulaji C. K., Mpiana P. T., Ibelings
B. W., Poté J]., 2017 Antibiotic resistant Pseudomonas spp. in the aquatic
environment: A prevalence study under tropical and temperate climate conditions.
Water Research 115:256-265.

dos Santos S. K. A., Schorer M., Moura G. de S., Lanna E. A. T., Pedreira M. M., 2019
Evaluation of growth and fatty acid profile of Nile tilapia (Oreochromis niloticus) fed
with Schizochytrium sp. Aquaculture Research 50(4):1068-1074.

Doyle M. P., 1989 Foodborne bacterial pathogens. CRC Press, New York, 816 p.

Esteve C., Merchan R., Alcaide E., 2017 An outbreak of Shewanella putrefaciens group in
wild eels Anguilla anguilla L. favoured by hypoxic aquatic environments. Journal of
Fish Diseases 40(7):929-939.

Fadl S. E., ElIGohary M. S., Elsadany A. Y., Gad D. M., Hanaa F. F., El-Habashi N. M.,
2017 Contribution of microalgae-enriched fodder for the Nile tilapia to growth and
resistance to infection with Aeromonas hydrophila. Algal Research 27:82-88.

Garrity G., Boone D. R., Castenholz R. W., 2012 Bergey’s manual of systematic
bacteriology. Volume one: The archaea and the deeply branching and phototrophic
bacteria. Springer-Verlag New York, 722 p.

Gobbetti M., De Angelis M., Corsetti A., Di Cagno R., 2005 Biochemistry and physiology
of sourdough lactic acid bacteria. Trends in Food Science and Technology 16(1-3):
57-69.

Hang X., Lin Z., Chen J., Wang G., Hong K., Chen G. Q., 2002 Polyhydroxyalkanoate
biosynthesis in Pseudomonas pseudoalcaligenes YS1. FEMS Microbiology Letters
212(1):71-75.

Janda J. M., 1985 Biochemical and exoenzymatic properties of Aeromonas species.
Diagnostic Microbiology and Infectious Disease 3(3):223-232.

Kang Y. 1., Yi Y. L., Zhang C., Wu S. Q., Shi C. B., Wang G. X., 2013 Bioassay-guided
isolation and identification of active compounds from Macleaya microcarpa (Maxim)
Fedde against fish pathogenic bacteria. Aquaculture Research 44(8):1221-1228.

AACL Bioflux, 2020, Volume 13, Issue 4. 1914
http://www.bioflux.com.ro/aacl



Khan A., Ghosh K., 2012 Characterization and identification of gut-associated phytase-
producing bacteria in some fresh water fish cultured in ponds. Acta Ichthyologica et
Piscatoria 42(1):37-45.

Ling F., Wu Z. Q., Jiang C., Liu L., Wang G. X., 2016 Antibacterial efficacy and
pharmacokinetic evaluation of sanguinarine in common carp (Cyprinus carpio)
following a single intraperitoneal administration. Journal of Fish Diseases 39(8):993-
1000.

Luque-Almagro V. M., Escribano M. P., Manso I., Sdez L. P., Cabello P., Moreno-Vivian C.,
Rolddn M. D., 2015 DNA microarray analysis of the cyanotroph Pseudomonas
pseudoalcaligenes CECT5344 in response to nitrogen starvation, cyanide and a
jewelry wastewater. Journal of Biotechnology 214:171-181.

Mcdevitt S., 2009 Methyl red and voges-proskauer test protocols. American Society for
Microbiology 9 p.

Menanteau-Ledouble S., EI-Matbouli M., 2016 Antigens of Aeromonas salmonicida subsp.
salmonicida specifically induced in vivo in Oncorhynchus mykiss. Journal of Fish
Diseases 39(8):1015-10109.

Nunns D., Mandai D., Farrand R. J., O'Neill H., Henshaw G., 1997 A comparison of
acridine orange, wet microscopy and Gram staining in the diagnosis of bacterial
vaginosis. Journal of Infection 34(3):211-213.

Okawa Y., Ohtomo Y., Tsugawa H., Matsuda Y., Kobayashi H., Tsukamoto T., 2004
Isolation and characterization of a cytotoxin produced by Plesiomonas shigelloides P-
1 strain. FEMS Microbiology Letters 239(1):125-130.

Pandolfi D., Pons M. N., Motta M. Da., 2007 Characterization of PHB storage in activated
sludge extended filamentous bacteria by automated colour image analysis.
Biotechnology Letters 29(8):1263-1269.

Pieretti G., Corsaro M. M., Lanzetta R., Parrilli M., Canals R., Merino S., Tomas J. M.,
2008 Structural studies of the O-chain polysaccharide from Plesiomonas shigelloides
strain 302-73 (serotype O1). European Journal of Organic Chemistry 73(18):3149-
3155.

Pridgeon J. W., Klesius P. H., 2011 Development and efficacy of novobiocin and
rifampicin-resistant Aeromonas hydrophila as novel vaccines in channel catfish and
Nile tilapia. Vaccine 29(45):7896-7904.

Quinteira S., Ferreira H., Peixe L., 2005 First Isolation of bla VIM-2 in an Environmental
Isolate of Pseudomonas pseudoalcaligenes. Antimicrobial Agents and Chemotherapy
49(5):2140-2142.

Reddick A., 1975 A simple carbohydrate fermentation test for identification of the
pathogenic Neisseria. Journal of Clinical Microbiology 2(1):72-73.

Reynolds J., 2018 IMVIC Tests (indole, methyl red, Voges-Proskauer, citrate),
biochemical tests for identification. Richland College Biology 4 p.

Sakai M., Soliman M. K., Yoshida T., Kobayashi M., 1993 Identification of pathogenic fish
bacteria using the API ZYM system. Canadian Journal of Fisheries and Aquatic
Sciences 50(6):1137-1141.

Shi B., Xia X., 2003 Changes in growth parameters of Pseudomonas pseudoalcaligenes
after ten months culturing at increasing temperature. FEMS Microbiology Ecology
45(2):127-134.

Stride M. C., Polkinghorne A., Nowak B. F., 2014 Chlamydial infections of fish: Diverse
pathogens and emerging causes of disease in aquaculture species. Veterinary
Microbiology 170(1-2):19-27.

Suman A., Wudianto, Sumiono B., Irianto H. E., Badrudin, Amri K., 2014 [Potential and
level utilization of fish resources in the fisheries management area of the Republic of
Indonesia]. Ref Graphika, Research Center for Marine Fisheries, Research Center for
Fisheries Management and Conservation of Fish Resources, Agency for Marine and
Fisheries Research and Development, 199 p. [In Indonesian].

Tarig A. L., Sudha S., Reyaz A. L., 2016 Isolation and screening of bacillus species from
sediments and application in bioremediation. International Journal of Current
Microbiology and Applied Sciences 5(6):916-924.

AACL Bioflux, 2020, Volume 13, Issue 4. 1915
http://www.bioflux.com.ro/aacl



Whitman W., Goodfellow M., Kampfer P., Busse H. J., Trujillo M., Ludwig W., Suzuki K.,
Parte A., 2012 Bergey’s manual of systematic bacteriology. Springer-Verlag New
York, 2083 p.

Wu Y., Liu F., Li L., Yang X., Deng J., Chen S. J., 2012 Isolation and identification of
nitrite-degrading lactic acid bacteria from salted fish. Advanced Materials Research
393-395:828-834.

Yilmaz S., 2019 Effects of dietary blackberry syrup supplement on growth performance,
antioxidant, and immunological responses, and resistance of Nile tilapia,
Oreochromis niloticus to Plesiomonas shigelloides. Fish and Shellfish Immunology
84:1125-1133.

Zheng F., Liu H., Sun X., Qu L., Dong, Shuanglin, Liu J., 2012 Selection, identification
and application of antagonistic bacteria associated with skin ulceration and peristome
tumescence of cultured sea cucumber Apostichopus japonicus (Selenka). Aquaculture
334-337:24-29.

*** public Health England, 2019 Oxidation/fermentation of glucose test. UK Standards
for Microbiology Investigations, Vol. TP 27.

Received: 24 March 2020. Accepted: 06 July 2020. Published online: 15 July 2020.

Authors:

Agung Setia Abadi, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau, Tanjungkasuari,
98411 Sorong, West Papua, Indonesia, e-mail: agungsb.asa@gmail.com

Intanurfemi Bacandra Hismayasari, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau,
Tanjungkasuari, 98411 Sorong, West Papua, Indonesia, e-mail: ib.hismayasari@gmail.com

Iman Supriatna, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau, Tanjungkasuari,
98411 Sorong, West Papua, Indonesia, e-mail: imansupriatna78@yahoo.com

Saidin, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau, Tanjungkasuari, Sorong,
West Papua, Indonesia, e-mail: saidin31081975@gmail.com

Ahmad Yani, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau, Tanjungkasuari, 98411
Sorong, West Papua, Indonesia, e-mail: ahmadyani.poltek2008@gmail.com

Mohammad Sayuti, Sorong Polytechnic of Marine and Fisheries, Kapitan Pattimura St., Suprau, Tanjungkasuari,
98411 Sorong, West Papua, Indonesia, e-mail: mohsayut@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Abadi A. S., Hismayasari I. B., Supriatna I., Saidin, Yani A., Sayuti M., 2020 The mass death of tilapia
(Oreochromis niloticus) in Sorong District, West Papua, Indonesia. AACL Bioflux 13(4):1906-1916.

AACL Bioflux, 2020, Volume 13, Issue 4. 1916
http://www.bioflux.com.ro/aacl



