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Abstract. The main problem in the efforts to increase the production of Kappaphycus alvarezii is the
intensity of the ice-ice disease caused by pathogenic bacteria. This study aims to isolate and identify
bacteria in the Kappaphycus alvarezii seaweed attacked by ice-ice and to determine the level of
pathogenicity of the isolated bacteria. The isolated bacteria were grown on Sea Water Complete (SWC)
and Thiosulphate Citrate Bile Salt Sucrose (TCBS) media. Identification was done by using API 20 E and
API 20 NE analysis techniques. The results obtained showed that bacteria on Kappaphycus alvarezii
attacked by ice-ice are Vibrio alginolyticus, Pseudomonas cepacia, Flavobacterium meningosepticum,
Pseudomonas diminuta and Plesiomonas shigelloides, with V. alginolyticus being the most present.
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Introduction. Kappaphycus alvarezii seaweed is one of the main commodities of
aquaculture that is economically important and has been cultivated commercially (Bixler
& Porse 2010; Bindu & Levine 2011; Valderrama et al 2015). Kappaphycus alvarezii
cultivation has grown very rapidly with the demand increase for carrageenan in many
countries (Barbosa de Barros-Barreto et al 2013; Hurtado et al 2015; Porse & Rudolph
2017; Adharini et al 2018; Hessami et al 2020). However, there are several problems
encountered in the development of Kappaphycus alvarezii cultivation.

Disease attack in algae cultures is a major problem because it can harm
aquaculture efforts resulting in decreased production due to seaweed death (Largo et al
1995). The main disease that attacks cultured seaweed is ice-ice (Mendoza et al 2002;
Vairappan 2006; Solis et al 2010; Luhan et al 2014). Ice-ice causes a decrease in
seaweed farming production ranging from 70 to 100% (Loureiro et al 2009). The disease
was observed in seaweed producing countries such as the Philippines (Hurtado et al
2006), Vietnam (Hung et al 2008), Tanzania (Msuya & Porter 2014), Malaysia (Vairappan
et al 2008), and Indonesia (Zainuddin et al 2019).

Bacteria play a role in the development of the ice-ice disease in seaweed
cultivation (Largo et al 1995). Usually, the bacteria that cause ice-ice in Kappaphycus
alvarezii are Vibrio, Aeromonas, Cytophaga, Flavobacterium, Pseudomonas and Bacilllus
(Largo et al 1995; Yulianto 2002). This study aims to determine the bacteria that cause
ice-ice in seaweed cultivated on Panggang Island, Indonesia. This study aims to
determine the bacteria that cause ice-ice in seaweed cultivated on Panggang Island,
Indonesia. This study also approached the level of pathogenicity of bacteria that were
successfully isolated.

Material and Method

Sampling. Samples thallus of K. alvarezii attacked by ice-ice were collected from the
waters of Panggang Island, DKI Jakarta Province, Indonesia (05°44'30.7"S;
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106°36'04"E). Five thallus samples were collected randomly. The thallus surface was
cleaned with 70% alcohol. Next, the thallus was placed into a sterile plastic bag. All
samples were placed in a cool box and transported for further analysis in the laboratory.
Bacterial analysis was carried out at the Fish Disease Laboratory, Bogor Sempur
Freshwater Aquaculture Research Center.

Isolation and identification of bacteria. 1 g of thallus was crushed. From the scoured
liquid, 0.1 mL was collected and spread on a petri dish containing Sea Water Complete
(SWC) and TCBS (Thiosulphate Citrate Bile Salt Sucrose) agar. The results of bacterial
isolation were then selected several times to obtain pure isolates. After pure bacterial
isolates were obtained, the type of colony was evaluated. The identification of bacteria
was based on physiological and biochemical characteristics, by the analysis of API 20 E
and API NE 20 (Biomerieux 2009, 2010).

Bacterial dilution. The bacteria used for the pathogenicity test were obtained from the
diseased seaweed. Each bacterial species was prepared to have 10® CFU mL?
concentration. To obtain a bacterial concentration of 106 CFU mL!, bacteria was first
cultured in SWC and TCBS media for 18-24 h with a shaker incubator at 29°C. 1 mL was
taken from the bacterial culture and placed in an Ependorf tube to be centrifuged at 5000
rpm. Washing of bacteria was repeated three times with PBS (Phosphate Buffer Saline)
solution. The yielded bacteria was diluted based on the volume of the infectious test
container to reach 10® CFU mL™.

Pathogenicity test of bacterial isolates. K. alvarezii samples used were healthy
seaweed with a wet weight of 35 g obtained from a K. alvarezii seaweed farm in Kupang,
East Nusa Tenggara. Before the pathogenicity test, the seaweed was acclimatized for 3
days. This acclimatization was carried out to adapt seaweed to new environmental
conditions. During acclimatization, 5 mL of liquid organic fertilizer (POC NASA) per the
aquarium volume of 80 L was added. The test container was equipped with aeration. The
bacteria used for the pathogenicity test were obtained from isolation from ice-ice infected
seaweed. After obtaining bacterial concentrations of 106 CFU mL™!, each type of bacteria
was introduced in healthy seaweed containers by immersion. The parameters observed
were changes in the morphology of the thallus, namely the color and weight of the
thallus. Observations were made at 3-hour intervals for 3 days (72 hours).

Results and Discussion

Bacterial isolates from K. alvarezii. Bacterial colonies isolated from infected seaweed
thallus can be seen in Figure 1.

Figure 1. Colonies of bacteria successfully grown on TCBSA (1) and SWC (2).

Identification results obtained are V. alginolyticus, P. cepacia, F. meningosepticum, P.
diminuta, P. shigelloides.
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Pathogenicity of isolated bacteria. The pathogenicity test was conducted in vitro. The
results of the pathogenicity test show that the transmission of disease agents in the
healthy seaweed thallus caused changes in its morphology, especially color changes
(Figure 2 and 3).

Figure 2. Thallus discoloration due to transmission of F. meningosepticum, P. cepacia, P.
diminuta and P. shigelloides (d - day).

Figure 3. Thallus discoloration due to V. alginolyticus.

Changes in color and the appearance of discharge at the end of the thallus was followed
by changes in wet weight (g). The observations on wet weight can be seen in Figure 4.

F. meningosepticum is rod-shaped and gram-positive bacteria. It is able to
hydrolyze arginine, decarboxylase lysine, and cannot utilize citrate as a carbon source. It
can deaminase tryptophan, have gelatin enzymes, oxidize glucose, mannitol, sorbitol. It
does not produce enzymes in O/F test. It does not form nitrites, and does not acidify
sucrose. Colonies of this bacteria are round, smooth, convex and yellowish in color. From
the results of isolation and identification, these bacteria are present in the thallus and the
cultivation media presented a yellow pigmented colony.
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Figure 4. Wet weight of thallus of Kappaphycus alvarezii infected with bacteria causing
ice-ice (72 hours).

F. meningosepticum is found in fresh water, seawater and soil (Ceyhan & Celik 2011).
Bacterial species from the family Flavobacteriaceae are pathogenic bacteria that can
enter aquaculture activities and cause a decrease in production (Loch & Faisal 2015).
Flavobacterial disease was reported for the first time in 1922 (Davis 1922). Until now, it
has attacked various fish such as Ictiobus bubalus, Leopomis spp., Cyprinus carpio,
Micropterus salmoides, M. dolomieu, Pomixis spp., Leopomis gulcosus, Perca flavescens,
Morrinchrysopus, Salvelinus fontinalis, Pimephalus notatus, Ictalurus punctatus, and
Ameiurus spp. (Loch & Faisal 2015). Bacteria are also the agents causing ice-ice disease
in K. alvarezii seaweed (Largo et al 1995) and were successfully isolated in Gracilariopsis
lemaneiformis (Sun et al 2012) and Gracilaria verrucosa (Zainuddin et al 2019). Table 1

presents some characteristics of bacteria isolated from seaweed attacked by ice-ice.
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Table 1
Characterization of bacteria isolated from seaweed thallus attacked by ice-ice

Results Identification
Morphology
Colony Round Round Round Round Round
shape
Cell shape Rod Rod Rod Rod Round
Media/Color SWC/Yellow SWC/White  SWC/White  SWC/White TCBSA/Yellow
Gram + + + + -
Physiological and biochemical properties
OF - O/F + + + + -
Motility - + + + +
Other characteristics
ONPG - - + - NO3 +
ADH + + + + TRP +
LDC + + + + GLU +
oDC + + - - ADH -
CIT + - - - URE -
H2S - + - - ESC -
URE - + - - GEL +
TDA + + + + PNPG -
IND + + + + GLU +
VE + - - + ARA -
GEL + + + + MNE -
GLU + + + + MAN +
MAN + + + + NAG -
INO - - - - MAL -
SOR - - + - GNT -
RHA - - - - CAP -
SAC + + + + ADI -
MEL - - + - MLT +
MAY - - + - CIT -
ARA - - + - PAC -
OX + + + + OX +
MCC + + + +
Bacterial  Flavobacterium Pseudomonas Pseudomonas Plesiomonas o . .
R . . . L ; ; Vibrio alginolyticus
similarity meningosepticum cepacia diminuta shigelloides

Note: SWC - Sea Water Complete; TCBSA - Thiosulphate Citrate Bile Salt Sucrose Agar; OF - Glucose; O/F -
fermentation-oxidation; ONPG - Ortho NitroPhenyl-BDGalactopyranosidase; ADH - Arginine Dihydrolase; LDC -
Lysine DeCarboxylase; ODC - Ornithine DeCaboxylase; CIT - Citrate Utilization; URE - Urease; TDA -
Tryptophane DeAminase; IND - Indole production; VE - acetoin production; GEL - Gelatine; GLU - Glucose:
fermentation/oxidation; MAN - Mannitol: fermentation/oxidation; INO - Inositol: fermentation/oxidation; SOR -
Sorbitol: fermentation/oxidation; RHA - Rhamnose: fermentation/oxidation; SAC - Saccharose:
fermentation/oxidation; MEL - Melibiose: fermentation/oxidation; MAY - Amygdalin: fermentation/oxidation;
ARA - Arabinose : fermentation/oxidation; OX - Cytochrome-Oxidase; MCC - MacConkey medium growth; TRP -
Tryptophan: Indole Reaction; ; ESC - Hydrolysis of esculine; MNE - assimilation of mannose; NAG - assimilation
of N-acetyl glucosamine; MAL - maltose assimilation; GNT - assimilation of potassium-gluconate; CAP - capric
acid assimilation; ADI - assimilation of adiptic acid; MLT -c malic acid assimilation; PAC - assimilation of
phenylacetic acid; PNPG - Galactosidase.

The results of identification (Table 1) show that there are two species of the genus
Pseudomonas, namely P. cepacia, and P. diminuta. P. cepacia is rod-shaped and gram-
positive, able to hydrolyze arginine and lysine decarboxylase. It cannot decryboxylase
ornithine, and is able to produce H>S compounds, urea, tryptophane deaminase. It has
gelatin enzymes, it oxidizes glucose, mannitol, sucrose, cytochrome. It is motile and can
grow on MacConkey media. P. cepacia is a bacterial pathogen in plants (Jacobs et al
2008) and can be found in aquatic and soil environments (Zanetti et al 2000; Peeters et
al 2016).

P. diminuta is rod-shaped and gram-positive, able to hydrolyze arginine. It can
decarboxylase lysine and ornithine. It is unable to produce H2S compounds, unable to
produce urea or tryptophan deaminase. It is able to produce acetoin, possess gelatin
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enzymes, oxidizes glucose, mannitol, sucrose compounds, cytochrome. It is motile. It can
grow on MacConkey media. P. diminuta is a pathogenic bacterium found in aquatic and
soil environments and attacks plants (Segers et al 1994; Lu et al 2013).

Pseudomonas genus is a disease-causing agent that attacks aquaculture activities
both in freshwater and seawater (Blanco et al 2002; Toranzo et al 2005; Tripathy et al
2007; Li et al 2019). Pseudomonas bacteria have attacked various species of fish such as
Oreochromis niloticus (Eissa et al 2010), Epinephelus coioides (Al-Marzouk 1999),
Oncorhynchus mykiss (Seifzadeh & Rabbani-Khorasgani 2020), Salmo salar, S. trutta,
Dicentrarchus labrax, Sparus aurata, Scophthalmus maximus, Anguilla anguilla, A.
japonica, and Clupea harengus (Lopez-Romalde et al 2003). Pseudomonas bacteria have
also been successfully isolated from seaweed (Rungprom et al 2008; Kumar et al 2013;
Ravisankar et al 2013).

This research succeeded in isolating P. shigelloides from seaweed. P. shigelloides
is rod-shaped and gram-positive. It has the B-galactose enzyme, and is able to hydrolyze
arginine, decarboxylase lysine, deaminase tryptophan, produce indole, have gelatin
enzymes, oxidize glucose, mannitol, sorbitol, sucrose, melibiosa, ammonia,
amigladladder, amigladine, arabinose. It is motile. It can grow on MacConkey media. P.
shigelloides is a bacterium found in fresh, brackish, and marine waters (Janda et al
2016). P. shigelloides is found in various economically important aquaculture
commodities such as oysters Crassostrea gigas and clam Protothaca staminea (Gu &
Levin 2006), O. mykiss (Huber et al 2004), Hippoglossus hippoglossus (Herrera et al
2006), Hypophthalmichthys molitrix (Behera et al 2018), O. niloticus (Nadirah et al
2012), Litopenaeus vannamei (Govahi et al 2014), blue crab Callinectes sapidus
(Marshall et al 1996).

V. alginolyticus is round and gram negative. V. alginolyticus is able to utilize
nitrate, glucose, tryptophan, mannitol, have gelatin enzymes, oxidize cytochrome, and
are motile. V. alginolyticus is one of the bacteria of the genus Vibrio in the marine,
coastal and estuary environments (Narracci et al 2013). V. alginolyticus is a disease-
causing agent in the cultivation of E. coioides (Cui et al 2010) and Asian seabass Lates
calcarifer (Sharma et al 2013), as well as other important aquaculture commodities such
as clam Ruditapes decussatus (Gomez-Ledn et al 2005) and Perna perna (Bronzato et al
2018), L. vannamei (Cheng et al 2005; Dashtiannasab et al 2012), seahorse
Hippocampus kuda (Adiputra et al 2005). V. alginolyticus was found to be associated with
K. alvarezii (Azizi et al 2018) and Eucheuma spinosum (Saraswati & Darmasetiyawana
2016). The Vibrio genus is also found in seaweed Sargassum myriocystum (Chakraborty
et al 2016) and G. verrucosa (Zainuddin et al 2019).

The observations on pathogenicity (Figure 4) show that V. alginolyticus had the
highest level of pathogenicity to healthy seaweed thallus. Each bacterial soaking
treatment showed a decrease in wet weight. V. alginolyticus infection produced the
highest wet weight reduction. This infection resulted in the seaweed thallus dying on the
second day.

Transmission of disease agents in healthy seaweed thallus causes changes in
color. The discoloration in this study did not differ for each bacterial treatment (Figure 2),
except for V. alginolyticus, which showed a change in the color of the thallus to white
(chlorosis) (Figure 3).

Changes in seaweed thallus were seen on the first day after the bacterial infection
with V. alginolyticus, characterized by increased mucus production covering the thallus,
discoloration, wilting and the appearance of black spots around the thallus branches.
Entering the second day, the black spots turned transparent because of the loss of
pigment. The discoloration of the thallus represents the beginning of the bleaching
phenomenon. This incident is in line with the observations of Largo et al (1995), Ask et al
(2003) and (Sulu et al 2003). Discoloration (depigmentation) and reduction in wet weight
occur due to bacterial infection of the pathogen that causes the ice-ice disease in
seaweed thallus. These changes are increasing along with an increase in the time of
bacterial activity in secreting virulence factors to the host. According to Hurd et al (1994)
and Largo et al (1995), ice-ice attacks intensified with the time of pathogenic bacterial
infection in seaweed thallus, resulting in failure of seaweed cultivation.
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Conclusions. Bacteria species that were successfully isolated from the thallus of K.
alvarezii attacked by ice-ice disease in the management of seaweed cultivation in the
waters of Panggang Island were V. alginolyticus, P. cepacia, F. meningosepticum, P.
diminuta and P. shigelloides. V. alginolyticus shows the highest level of pathogenicity
when compared with other bacteria.

Conflict of Interest. The authors declare that there is no conflict of interest.
References

Adharini R. I., Suyono E. A., Suadi, Jayanti A. D., Setyawan A.R., 2018 A comparison of
nutritional values of Kappaphycus alvarezii, Kappaphycus striatum, and
Kappaphycus spinosum from the farming sites in Gorontalo Province, Sulawesi,
Indonesia. Journal of Applied Phycology 31:725-730.

Adiputra Y. T., Triyanto, Probosunu N., 2005 [Identification of pathogenic bacteria in
seahorses (Hippocampus kuda) at Lampung Sea Aquaculture Center]. Journal of
Fisheries 7(2):101-107. [In Indonesian].

Al-Marzouk A. E., 1999 Association of Pseudomonas anguilliseptica with mortalities in
cultured marine orange spotted grouper Epinephelus coioides in Kuwait. Fish
Pathology 34(3):167-168.

Ask E. I., Batibasaga A., Zertuche-Gonzalez J. A., San M. D., 2003 Three decades of
Kappaphycus alvarezii (Rhodophyta) introduction to non-endemic locations.
Proceedings of the 17th International Seaweed Symposium, Cape Town, pp. 49-57.

associated with the seaweed Diginea sp. and the sponge Halisarca ectofibrosa.
Tetrahedron 64 : 3147-3152. DOI: 10.1016/j.tet.2008.01.089

Azizi A., Hanafi N. M., Basiran M. N., Teo C. H., 2018 Evaluation of disease resistance and
tolerance to elevated temperature stress of the selected tissue-cultured
Kappaphycus alvarezii Doty 1985 under optimized laboratory conditions. 3 Biotech
8(8):321, 10 p.

Barbosa de Barros-Barreto M. B., Cavalcante Marinho L., Perpetuo-Reis R., Souza da
Mata C., Cavalcante Gomes Ferreira P., 2013 Kappaphycus alvarezii (Gigartinales,
Rhodophyta) cultivated in Brazil: is it only one species? Journal of Applied
Phycology 25(4):1143-1149.

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.

Bindu M. S., Levine I. A., 2011 The commercial red seaweed Kappaphycus alvarezii - an
overview on farming and environment. Journal of Applied Phycology 23:789-796.

Bixler H. J., Porse H., 2010 A decade of change in the seaweed hydrocolloids industry.
Journal of Applied Phycology 23:321-335.

Blanco M. M., Gibello A., Vela A. 1., Moreno M. A., Dominguez L., Fernandez-Garayzabal
J. F., 2002 PCR detection and PFGE DNA macrorestriction analyses of clinical
isolates of Pseudomonas anguilliseptica from winter disease outbreaks in sea bream
Sparus aurata. Diseases of Aquatic Organisms 50(1):19-27.

Bronzato G. F., Oliva M. S., Alvin M. G., Pribul B. R., Rodrigues D. P., Coelho S. M. O,,
Coelho I. S., Souza M. M. S., 2018 MALDI-TOF MS as a tool for the identification of
Vibrio alginolyticus from Perna perna mussels (Linnaeus, 1758). Pesquisa
Veterinaria Brasileira 38(8):1511-1517.

Ceyhan M., Celik M., 2011 Elizabethkingia meningosepticum (Chryseobacterium
meningosepticum) infections in children. International Journal of Pediatrics.
2011:215237, 7 p.

Chakraborty K., Thilakan B., Chakraborty R. D., Raola V. K., Joy M., 2016 O-heterocyclic
derivatives with antibacterial properties from marine bacterium Bacillus subtilis
associated with seaweed, Sargassum myriocystum. Applied Microbiology and
Biotechnology 101(2):569-583.

AACL Bioflux, 2021, Volume 14, Issue 6. 3812
http://www.bioflux.com.ro/aacl



Cheng W., Wang L., Chen J., 2005 Effect of water temperature on the immune response
of white shrimp Litopenaeus vannamei to Vibrio alginolyticus. Aquaculture 250(3-
4):592-601.

Cui M., Zhang Q., Yao Z., Zhang Z., Zhang H., Wang Y., 2010 Immunoglobulin M gene
expression analysis of orange-spotted grouper, Epinephelus coioides, following
heat shock and Vibrio alginolyticus challenge. Fish & Shellfish Immunology
29(6):1060-1065.

Dashtiannasab A., Kakoolaki S., Sharif-Rohani M., Yeganeh V., 2012 In vitro effects of
Sargassum latifolium (Agardeh, 1948) against selected bacterial pathogens of
shrimp. Iranian Journal of Fisheries Sciences 11(4):765-775.

Davis H. S., 1922 A new bacterial disease of freshwater fishes. Government Printing
Office, Washington DC, pp. 261-280.

Eissa N. M. E., Abou EI-Ghiet E. N., Shaheen A. A., Abbass A., 2010 Characterization of
Pseudomonas species isolated from tilapia "Oreochromis niloticus" in Qaroun and
Wadi-El-Rayan Lakes, Egypt. Global Veterinaria 5(2):116-121.

Gomez-Ledn J., Villamil L., Lemos M. L., Novoa B., Figueras A., 2005 Isolation of Vibrio
alginolyticus and Vibrio splendidus from aquacultured carpet shell clam (Ruditapes
decussatus) larvae associated with mass mortalities. Applied and Environmental
Microbiology 71(1):98-104.

Govahi M., Afsharnasb M., Motalbei Moghanjighi A. A., Haghighi A., 2014 Multiple
infections in shrimp Litopenaeus vannamei broodstock in commercial hatcheries in
Khouzestan Province. Iranian Journal of Fisheries Sciences 13(4):869-885.

Gu W., Levin R. E., 2006 Quantitative detection of Plesiomonas shigelloides in clam and
oyster tissue by PCR. International Journal of Food Microbiology 111(1):81-86.
Herrera F. C., Santos J. A., Otero A., Garcia-Lopez M. L., 2006 Occurrence of
Plesiomonas shigelloides in displayed portions of saltwater fish determined by a PCR
assay based upon the hugA gene. International Journal of Food Microbiology

108(2):233-238.

Hessami M. J., Salleh, A., Phang S. M., 2020 Bioethanol a by-product of agar and
carrageenan production industry from the tropical red seaweeds, Gracilaria
manilaensis and Kappaphycus alvarezii. Iranian Journal of Fisheries Sciences
19(2):942-960.

Huber I., Spanggaard B., Appel K. F., Rossen L., Nielsen T., Gram L., 2004 Phylogenetic
analysis and in situ identification of the intestinal microbial community of rainbow
trout (Oncorhynchus mykiss, Walbaum). Journal of Applied Microbiology 96(1):117-
132.

Hung L. D., Hori K., Nang H. Q., Kha T., Hoa L. T., 2008 Seasonal changes in growth
rate, carrageenan yield and lectin content in the red alga Kappaphycus alvarezii
cultivated in Camranh Bay, Vietnam. Journal of Applied Phycology 21:265-272.

Hurd C. L., Harrison P. J., Bischof K., Lobban C. S., 1994 Seaweed ecology and
physiology. Cambridge University Press, New York, 551 p.

Hurtado A. Q., Critchley A. T., Trespoey A., Bleicher Lhonneur G., 2006 Occurrence of
Polysiphonia epiphytes in Kappaphycus farms at Calaguas Is., Camarines Norte,
Philippines. 18t International Seaweed Symposium, pp. 75-80.

Hurtado A. Q., Neish I. C., Critchley A. T., 2015 Developments in production technology
of Kappaphycus in the Philippines: more than four decades of farming. Journal of
Applied Phycology 27:1945-1961.

Jacobs J. L., Fasi A. C., Ramette A., Smith J. ]J., Hammerchmidt R., Sundin G. W., 2008
Identification and onion pathogenicity of Burkholderia cepacia complex isolates from
the onion rhizosphere and onion field soil. Applied and Environmental Microbiology
74(10):3121-3129.

Janda J. M., Abbott S. L., Mclver C. 1., 2016 Plesiomonas shigelloides revisited. Clinical
Microbiology Reviews 29(2):349-374.

Kumar C. G., Sahu N., Reddy G. N., Prasad R. B. N., Nagesh N., Kamal A., 2013
Production of melanin pigment from Pseudomonas stutzeri isolated from red
seaweed Hypnea musciformis. Letters in Applied Microbiology 57:295-302.

AACL Bioflux, 2021, Volume 14, Issue 6. 3813
http://www.bioflux.com.ro/aacl



Largo D. B., Fukami F., Nishijima T., Ohno M., 1995 Laboratory-induced development of
the ice-ice disease of the farmed red algae Kappaphycus alvarezii and Eucheuma
denticulatum (Solieriaceae, Gigartinales, Rhodophyta). Journal of Applied Phycology
7:539-543.

Li X. M., Zzhu Y. J., Ringg E., Yang D. G., 2019 Prevalence of Aeromonas hydrophila and
Pseudomonas fluorescens and factors influencing them in different freshwater fish
ponds. Iranian Journal of Fisheries Sciences 19(1):111-124.

Loch T. P., Faisal M., 2015 Emerging flavobacterial infections in fish: A review. Journal of
Advanced Research 6(3):283-300.

Lopez-Romalde S., Magarifios B., Nunez S., Toranzo A. E., Romalde J. L., 2003
Phenotypic and genetic characterization of Pseudomonas anguilliseptica strains
isolated from fish. Journal of Aquatic Animal Health 15(1):39-47.

Loureiro R. R., Perpetuo Reis R., Critchley A. T., 2009 In vitro cultivation of three
Kappaphycus alvarezii (Rhodophyta, Areschougiaceae) variants (green, red and
brown) exposed to a commercial extract of the brown alga Ascophyllum nodosum
(Fucaceae, Ochrophyta). Journal of Applied Phycology 22:101-104.

Lu B., Shi Y., Zhu F., Xu X., 2013 Pleuritis due to Brevundimonas diminuta in a previously
healthy man. Journal of Medical Microbiology 62:479-482.

Luhan M. R. J., Santander-Avancena S., Mateo J. P., 2014 Effect of short-term immersion
of Kappaphycus alvarezii (Doty) Doty in high nitrogen on the growth, nitrogen
assimilation, carrageenan quality, and occurrence of “ice-ice” disease. Journal of
Applied Phycology 27:917-922.

Marshall D. L., Kim J. J., Donnelly S. P., 1996 Antimicrobial susceptibility and plasmid-
mediated streptomycin resistance of Plesiomonas shigelloides isolated from blue
crab. Journal of Applied Bacteriology 81:195-200.

Mendoza W. G., Montano N. E., Ganzon-Fortes E. T., Villanueva R. D., 2002 Chemical and
gelling profile of ice-ice infected carrageenan from Kappaphycus striatum (Schmitz)
Doty “sacol” strain (Solieriaceae, Gigartinales, Rhodophyta). Journal of Applied
Phycology 14:409-418.

Msuya F. E., Porter M., 2014 Impact of environmental changes on farmed seaweed and
farmers: the case of Songo Songo Island, Tanzania. Journal of Applied Phycology
26(5):2135-2141.

Nadirah M., Ruhil H. H., Jalal K. C. A., Najiah M., 2012 Occurrence of Plesiomonas
shigelloides in cultured red hybrid tilapia (Oreochromis niloticus) from tropical
rivers, east coast Malaysia. Pakistan Journal of Biological Sciences 15(12):600-603.

Narracci M., Acquaviva M. 1., Cavallo R. A., 2013 Mar Piccolo of Taranto: Vibrio
biodiversity in ecotoxicology approach. Environmental Science and Pollution
Research International 21(3):2378-2385.

Peeters C., Depoorter E., Praet J., Vandamme P., 2016 Extensive cultivation of soil and
water samples yields various pathogens in patients with cystic fibrosis but not
Burkholderia multivorans. Journal of Cystic Fibrosis 15(6):769-775.

Porse H., Rudolph B., 2017 The seaweed hydrocolloid industry: 2016 updates,
requirements, and outlook. Journal of Applied Phycology 29:2187-2200.

Ravisankar A., Gnanambal M. E. K., Sundaram L. R., 2013 A newly isolated Pseudomonas
sp., epibiotic on the seaweed, Padina tetrastromatica, off Southeastern Coast of
India, reveals antibacterial action. Applied Biochemistry and Biotechnology
171(8):1968-1985.

Rungprom W., Siwu E. R. O., Lambert L. K., Dechsakulwatana C., Barden M. C., Kokpol
U., Blanchfield J. T., Kita M., Garson M. J., 2008 Cyclic tetrapeptides from marine
bacteria associated with the seaweed Diginea sp. and sponge Halisarca ectofibrosa.
Tetrahedron 64:3147-3152.

Saraswati S. A., Darmasetiyawana I. M. S., 2016 [Identification of bacteria in seaweed
Eucheuma spinosum attacked by ice-ice in the waters of Kutuh Beach]. Journal of
Marine and Aquatic Sciences 2:11-15. [In Indonesian].

Segers P., Vancanneyt M., Pot B., Torck U., Hoste B., Dewettinck O., Falsen E., Kersters
K., De Vos P., 1994 Classification of Pseudomonas diminuta Leifson and Hugh 1954
and Pseudomonas vesicularis Busing, Doll, and Freytag 1953 in Brevundimonas

AACL Bioflux, 2021, Volume 14, Issue 6. 3814
http://www.bioflux.com.ro/aacl



gen. nov. as Brevundimonas diminuta comb. nov. and Brevundimonas vesicularis
comb. nov., respectively. International Journal of Systematic Bacteriology
44(3):499-507.

Seifzadeh M., Rabbani-Khorasgani M., 2020 Effects of Mozafati, Piaroum, Zahedi extracts
date and their combination on the chemical, microbial and sensory properties of
farmed rainbow trout (Oncorhynchus mykiss) fillets during refrigeration (4°C).
Iranian Journal of Fisheries Sciences 19(3):1083-1097.

Sharma S. R. K., Rathore G., Verma D. K., Sadhu N., Philipose K. K., 2013 Vibrio
alginolyticus infection in Asian seabass (Lates calcarifer, Bloch) reared in open sea
floating cages in India. Aquaculture Research 44(1):86-92.

Solis M. 1. L., Draeger S., Thomas-Edison E., Dela Cruz T. E. E., 2010 Marine derived
fungi from Kappaphycus alvarezii and K. striatum as potential causative agents of
ice-ice disease in farmed seaweeds. Botanica Marina 53(6):587-594.

Sulu R., Kumar L., Hay C., Pickering T., 2003 Kappaphycus seaweed in the Pacific:
Review of introductions and field testing proposed quarantine protocols. The
Institute of Marine Resources (IMR), The University of the South Pacific, 85 p.

Sun X., He Y., Xu N., Xia Y., Liu Z., 2012 Isolation and identification of two strains of
pathogenic bacteria and their effects on the volatile metabolites of Gracilariopsis
lemaneiformis (Rhodophyta). Journal of Applied Phycology 24:277-284.

Toranzo A. E., Magarifios B., Romalde J. L., 2005 A review of the main bacterial fish
diseases in mariculture systems. Aquaculture 246(1-4):37-61.

Tripathy S., Kumar N., Mohanty S., Samanta M., Mandal R. N., Maiti N. K., 2007
Characterisation of Pseudomonas aeruginosa isolated from freshwater culture
systems. Microbiological Research 162(4):391-396.

Vairappan C. S., 2006 Seasonal occurrences of epiphytic algae on the commercially
cultivated red alga Kappaphycus alvarezii (Solieriaceae, Gigartinales, Rhodophyta).
Journal of Applied Phycology 18:611-617.

Vairappan C. S., Chung C. S., Hurtado A. Q., Soya F. E., Bleicher Lhonneur G., Critchley
A. T., 2008 Distribution and symptoms of epiphyte infection in major
carrageenophyte-producing farms. Journal of Applied Phycology 20:477-483.

Valderrama D., Cai J., Hishamunda N., Ridler N., Neish I. C., Hurtado A. Q., Msuya F. E.,
Krishnan M., Narayanakumar R., Kronen M., Robledo D., Gasca-Leyva E., Fraga J.,
2015 The economics of Kappaphycus seaweed cultivation in developing countries: a
comparative analysis of farming systems. Aquaculture Economics & Management
19(2):251-277.

Yulianto K., 2002 [Observation of ice-ice disease and competitor algae phenomenon
causing the failure of harvest seaweed cultivation (Kappaphycus alvarezii) on Pari
Island, Thousand Islands]. Proceedings of the National Marine Science and
Technology Seminar, Oceanographic Research Center, Indonesian Institute of
Sciences, Jakarta, 35:323-332. [In Indonesian].

Zainuddin E. N., Anshary H., Huyyirnah H., Hiola R., Baxa D. V., 2019 Antibacterial
activity of Caulerpa racemosa against pathogenic bacteria promoting “ice-ice”
disease in the red alga Gracilaria verrucosa. Journal of Applied Phycology 31:3201-
3212.

Zanetti F., Luca G. D., Stampi S., 2000 Recovery of Burkholderia pseudomallei and B.
cepacia from drinking water. International Journal of Food Microbiology 59(1-2):67-
72.

*** Biomerieux, 2009 API 20 E, Identification system for enterobacteriaceae and other
non fastidious gram negative rods. Lyon, France.

*** Biomerieux, 2010 API 20 NE, Identification system for non fastidious, non enteric
gram negative rods. Lyon, France.

AACL Bioflux, 2021, Volume 14, Issue 6. 3815
http://www.bioflux.com.ro/aacl



Received: 10 July 2020. Accepted: 23 October 2020. Published online: 30 December 2021.

Authors:

Muhammad Aris, Department of Aquaculture, Fisheries and Marine of Faculty, University of Khairun, Ternate,
97719 North Maluku, Indonesia, e-mail: amboasse100676@gmail.com

Tamrin, Department of Aquaculture, Fisheries and Marine of Faculty, University of Khairun, Ternate, 97719
North Maluku, Indonesia, e-mail: elsil.malut@gmail.com

Rusmawati Labenua, Department of Aquatic Resource Management, Fisheries and Marine of Faculty, University
of Khairun, Ternate, 97719 North Maluku, Indonesia, e-mail: tuadamei2021@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:

Aris M., Tamrin, Labenua R., 2021 Isolation, culture characteristics and identification of bacteria from
Kappaphycus alvarezii (Doty, 1987) attacked by ice-ice. AACL Bioflux 14(6):3806-3816.

AACL Bioflux, 2021, Volume 14, Issue 6. 3816
http://www.bioflux.com.ro/aacl



