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Introduction

Mud crab (Scylla serrata) is an important fishery

commodity in terms of economic value. In Indonesia, the

fattening mud crab production has been conventionally

carried out in ponds using crab box or cage culture at a

density of one crab per box. Meanwhile, the demand for

mud crabs has increased and it becomes a major

export fishery commodity [1]. Thus, it is necessary to

develop mud crab cultivation techniques, such as recir-

culating system, allowing to re-use the water continu-

ously after physical, chemical, and biological filtration

[2]. The recirculating system is carried out by continuous

water utilization during the cultivation period, so micro-

bial roles in the system are necessary to manage and

minimize organic-inorganic waste in the water. The

microbial activities maintain the water quality, support-

ing the mud crab production [3]. 

Microbes play an important role as the biological filter,

which are able to degrade inorganic nitrogen waste

Microbial community plays important roles in the culture environment of mud crab Scylla serrata. One of

the environmental management efforts for the cultivation of S.serrata is by stabilizing microorganisms

involved in nitrogen cycle process. The availability of dissolved inorganic nitrogen in its culture environ-

ment under a recirculating system closely relates to the nitrogen cycle, which involves both anaerobic and

aerobic bacterial activities. Anaerobically, there are two major nitrogen compound degradation processes,

i.e., denitrification and dissimilatory nitrate reduction to ammonium (DNRA). This study aimed to identify

denitrifying and DNRA bacteria isolated from the recirculating cultivation of S. serrata. The water samples

were collected from anaerobic filters called close filter system, which is anaerobically conditioned with the

addition of varying physical filter materials in the recirculating mud crab cultures. The results showed

that three denitrifying bacterial isolates and seven DNRA bacterial isolates were successfully identified.

The phylogenetic analysis based on 16S rRNA gene of the denitrifying bacteria revealed that HIB_7a had

the closest similarity to Stenotrophomonas daejeonensis strain MJ03. Meanwhile, DNRA bacterial isolate of

HIB_92 showed a 100% similarity to Bacillus sonorensis strain N3, Bacillus vallismortis strain VITS-17,

Bacillus tequlensis strain TY5, Geobacillus sp. strain DB24, Bacillus subtilis strain A1, and Bacillus

mojavensis strain SSRAI21. This study provides basic information denitrifying and DNRA bacterial isolates

identity which might have the potential to be applied as probiotics in aquaculture systems in order to

maintain optimal environmental conditions.
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derived from uneaten feeds and metabolic products of

mud crabs, such as feces and urine. Nitrogenous in

aquaculture environment is transformed by microbes

into several forms, such as ammonia, nitrite, and

nitrate. These forms of nitrogen, in certain concentra-

tion, are potentially toxic to farmed mud crabs. There-

fore, they should be removed from aquaculture

environment using bacterial activities, including nitrify-

ing, denitrifying, and DNRA (Dissimilatory Nitrate

Reduction to Ammonium) bacteria. The activity of nitri-

fying, denitrifying and DNRA bacteria could be quanti-

fied, providing meaningful information associated with

oxidation and reduction activities of dissolved inorganic

nitrogen (DIN) [4, 5]. Anaerobically, denitrification and

DNRA constitute the main process in the degradation of

nitrogenous compounds. Denitrification promotes the

biological conversion of nitrate (NO3
−) to nitrite (NO2

−),

nitric oxide (NO), nitrous oxide (N2O) and dinitrogen

molecules (N2) [4]. Nitrite can serve as an electron accep-

tor in anaerobic conditions for denitrifying bacteria,

which was then reduced into N2O and N2 [4, 6]. During

the anaerobic condition, DNRA bacteria convert nitrate

into nitrite and then ammonium through a dissimilative

process. The DNRA reaction could be present despite a

low concentration of nitrate and a high level of carbon [7].

A previous study reported that indigenous oligotrophic

bacteria have a desirable nitrogen removal activity in

the water reservoir. Application of indigenous denitrify-

ing bacteria could reduce nitrate content from

1.71 ± 0.01 mg/l to 0.80 ± 0.06 mg/l and remove total

nitrogen up to 38.33 ± 1.50% [8]. The use of indigenous

microorganisms with favorable activities and culturabil-

ities is expected to eliminate harmful inorganic nitrogen

compounds in the aquaculture environment system.

To obtain initial scientific evidence of indigenous bac-

teria in the farming system, identifying and characteriz-

ing the denitrifying and DNRA bacteria are needed to be

performed in mud crab farming. Their presence may

serve as a bioindicator of the suitability and stability of

water quality in the rearing water. This present study

aimed to identify and characterize denitrifying and

DNRA bacteria in the mud crab farming facilities under

a recirculating technology. Identifying bacterial isolates

would be a beneficial step to classify and apply them in

aquaculture activities.

Materials and Methods

Mud crabs S. serrata were obtained from the

coastal area in two locations, i.e., Banjarmasin (South

Kalimantan) and Pasuruan (East Java) and the mud

crab catches is assisted by local fishermen. This research

was conducted at the Faculty of Fisheries and Marine

Science, Faculty of Mathematics and Natural Science,

and Faculty of Veterinary Medicine, IPB University,

Indonesia.

Preparation of recirculating system for mud crab culture
Mud crabs (10 individuals) were parallelly reared in

60 L seawater with a salinity of 25 g/l. The recirculating

system was equipped with six shelters (a total area of

220 cm2) at a density of 10 mud crabs [9, 10]. Two filter

Fig. 1. Mud crab recirculating culture system and the filters: close filter system (FA) and open filter system (FB).
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tanks applied in this study were a close filter system

(FA) and an open filter system (FB). FA was consisted of

varying physical filter materials arranged in order from

bottom to top, including 250 bioballs, 40 kg zeolite, 90 kg

sands, 800−1200 bioballs, and 4 layer gauze. FB was

made from 3-layer corrugated fiber FB was made from

3-layer corrugated fiber. The water capacity of FA and

FB was 220 L with a water debit of 0.125 L s-1 and a

pump capacity of 200 V, respectively (Fig. 1).

Isolation and purification of denitrifying and DNRA
bacteria 

FA tanks were filled with various physical filter mate-

rials to support anaerobic condition in the filter, so

denitrifying and DNRA bacteria are considered to be

commonly found in that filter. For bacterial isolation,

water samples were collected from four FA tanks. Subse-

quently the same amount of water samples from those

four FA tanks were well mixed to obtain a composite

water sample. The composite water sample was serially

diluted in NaCl 0.85% solution (10-1, 10-2, 10-3, 10-4, and

10-5), spread on denitrification and DNRA selective

media, respectively (Table 1) [11]. The media were

anaerobically incubated at room temperature for 7−14

days in an anaerobic jar using an anaerobic jar kit for

oxygen reduction. Bacterial isolates purification was car-

ried out using the culture media, incubation time, and

incubation condition which was similar to the bacterial

isolation step.

Characterization of denitrifying and DNRA bacteria
The bacterial pure cultures were characterized by oxi-

dative/fermentative test (OF test) using Hugh and

Leifson method [12] and Gram staining [13]. OF test

were carried out on denitrifying and DNRA bacterial

pure culture to determine the oxidative and fermenta-

tive bacterial groups using Hugh and Leifson’s OF

medium which contain glucose, peptones, and bromothy-

mol blue indicator [12]. 

16S rRNA gene sequencing
Selected isolates of denitrifying and DNRA bacteria

were identified using the molecular technique. Bacterial

genomic DNA was extracted using PrestoTM Mini gDNA

Kit (Geneaid Biotech Ltd, Taiwan) according to manu-

facturer’s procedures. The concentration and purity of

DNA were determined using Nanodrop 2000 (Thermo

Scientific, USA). Furthermore, the 16S rRNA gene of

denitrifying and DNRA bacteria was amplified using a

PCR primer set 63F (5'-CAG GCC TAA CAC ATG CAA

GTC-3') and 1387R (5'-GGG CGG WGT GTA CAA GGC-

3') with the expected band size of approximately 1,400 bp

[14]. PCR mixture with a total volume of 25 µl contained

12.5 µl of GoTaq Green Master Mix 2X (Promega, USA)

or MyTaqTM Red Mix (Bioline, UK), 2.5 µl of each primer

63F and 1387R with a concentration of 10 pmol, 6.5 µl of

nuclease-free water, and 1 µl of genomic DNA template.

The PCR reaction was carried out in 95℃ for 5 min (pre-

denaturation), followed by 35 cycles of 95℃ for 15 min

(denaturation), 55℃ for 1 min (annealing), 72℃ for 1.5

min (extension), and 72℃ for 10 min (post-extension).

The PCR products were confirmed using electrophoresis

in 0.8% (w/v) agarose gel for 45 min at 80 V and were

visualized using UV transilluminator with ethidium

bromide staining. The selected PCR products were

sequenced by a DNA sequencing service, 1st BASE DNA

Table 1. The composition of the culture medium for denitrifying and DNRA bacteria.

Denitrification specific medium DNRA specific medium

Composition Concentration (g/l) Composition Concentration (g/l)

Na2HPO4 0.9 Na2HPO4 0.9

KH2PO4 0.2 KH2PO4 0.2

MgSO4·7H2O 0.1 MgSO4·7H2O 0.1

FeCl3·6H2O 0.005 FeCl3·6H2O 0.005

CaCl2·6H2O 0.0184 CaCl2·H2O 0.0184

NaNO3 0.025 NaNO3 0.5

Yeast extract 0.25 Yeast extract 0.125

Carbon source : acetate 5 Carbon source: glucose 5
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Sequencing Services. DNA sequences of denitrifying

and DNRA bacterial isolates were separately compared

to GenBank using BLAST-N (Basic Local Alignment

Search Tool - Nucleotide) software in NCBI (National

Center for Biotechnology Information). The phylogenetic

tree was constructed using MEGA 6.00 by Neighbor

Joining method with Bootstrap 2000×.

Results and Discussion

Denitrifying and DRNA bacteria isolated from mud crab
culture under a recirculating system

A total of 112 isolates of denitrifying bacteria and 166

isolates of DNRA bacteria were obtained from denitrifi-

cation and DNRA bacterial growth medium, respectively

(Table 2). Based on growth rate and contaminant-free

culture, we successfully obtained a total of 180 selected

isolates, consisting of 88 denitrifying bacterial isolates

and 92 DNRA bacterial isolates. All bacterial isolates

were screened through the oxidative and fermentative

(OF) test. Bacterial isolates with oxidative and fermen-

tative activities were categorized as denitrifying and

DNRA bacteria, respectively. We obtained 12 denitrify-

ing bacterial isolates and 14 DNRA bacterial isolates.

Finally, through the OF test, we selected three denitrify-

ing bacterial isolates and seven DNRA bacterial isolates,

which were then identified by phylogeny using 16S rRNA

gene sequencing.

The Gram stain test indicated that the bacterial cells

are rod-shaped, Gram-positive, and Gram-negative bac-

teria (Table 3). The morphology of HIB_7a isolate

appeared as a big colony, pale white, and circular form,

while the cells were rod-shaped and Gram-negative. As

mentioned by Yu et al. [15], denitrifying bacterial colonies

commonly have the following characteristics, i.e., white,

irregular, rod-shaped cells, and Gram-negative cells.

Colony morphology of DNRA bacteria (HIB_27, HIB_95,

and HIB_96) demonstrated with yellowish-white and

whitish yellow, flat and convex elevation, while the bac-

terial cells had cocci and bacil shape, and Gram-positive

stain. Some bacterial cells had similar characteristics to

Bacillus. Also, the type of bacteria is mostly capable of

exhibiting fermentation activities as performed by

DNRA bacteria. 

Phylogenetic analysis of denitrifying bacteria based on
16S rRNA gene

As exhibited by the phylogenetic tree in Fig. 2, HIB_7a

Fig. 2. Phylogenetic tree of denitrifying bacteria isolated from mud crab culture under a recirculating system using Kimura
2-parameter model with 2000x Bootstrap.  
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belongs to Stenotrophomonas sp. BLAST-N analysis

revealed that the denitrifying bacterial isolate demon-

strated 99% similarity to Stenotrophomonas daejeonen-

sis strain MJ03. Stenotrophomonas enables to perform

NO3 reduction reaction, but generates NO2 as an end

product [16], such as Stenotrophomonas maltophilia

[17]. In terms of morphological, biochemical, and

molecular characteristics based on the 16S rRNA gene,

we observed two groups of denitrifying bacteria existed

in the marine ecosystem, i.e., Stenotrophomonas sp. and

Oceanimonas sp. YC13 [15]. Stenotrophomonas strain

had been reported to have a better activity, classified as

marine denitrifier, and ever found together with another

denitrifying bacterium Oceanimonas denitrificans F13-1

(DQ097665) [15]. According to the analysis using

BLAST-N, HIB_8a and HIB_4a isolates had the closest

similarity to Arthrobacter. Arthrobacter arilaitensis

strain Y-10 is an aerobic denitrifier, which is able to

reduce ammonium, nitrite, and nitrate up to 65%, 100%,

and 61.2%, respectively [18]. Moreover, Denitromonas

had been reported to take part in the denitrification pro-

cess and often exist in mud and saline water [19, 20].

Fig. 3. Phylogenetic tree of DNRA bacteria isolated from mud crab culture under a recirculating system using Kimura 2-
parameter model with 2000× Bootstrap. 

Table 2. Denitrifying and DNRA bacteria isolated from mud crab culture under a recirculating system.

Type of bacteria Number of isolates
Number of isolates
 by their growth 

Number of isolates by their
 metabolic activities

 (oxidative and fermentative test)

Number of selected isolates 
by their specific activity

Denitrification 112 88 12 3
DNRA 166 92 14 7
Total 278 180 26 10
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Identification of DNRA bacteria based on 16S rRNA gene
Our results showed that DNRA bacterial isolates had

an average similarity percentage of 100% to genus

Bacillus, Staphylococcus, Arsenicicoccus, and Dermacoccus

(Fig. 3). Furthermore, the alignment step is carried out

to identify the conserved sequence between DNA bands

of each isolate and those from GenBank. Nucleotide

sequence obtained from BLAST-N was translated into

amino acid sequence. The amino acids sequences were

confirmed using the Conserved Domain Database

software (http://www.ncbi.nlm.nih.gov/Structure/cdd/

wrpsb.cgi) to obtain the resulting domain [21]. Mean-

while, the phylogenetic tree of denitrifying and DNRA

bacteria isolated from mud crab culture facilities was

constructed using a Neighbor-Joining tree by MEGA 6

software [22] with Kimura-2-parameter, 2000× Boot-

strap, and determined by the lowest BIC (Bayesian

Information Criterion) value.

Phylogenetic tree of DNRA bacteria demonstrated

that the isolates showed similarity to some bacterial spe-

cies database stored in GenBank. HIB_92 isolate was

found to have 100% similarity to Bacillus sonorensis

strain N3, Bacillus vallismortis strain VITS-17, Bacillus

tequilensis strain TY5, Geobacillus sp. strain DB24,

Bacillus subtilis strain A1, and Bacillus mojavensis

strain SSRAI21. HIB_96 isolate had 98−100% similarity

to Bacillus safensis strain NBRC 100820, Bacillus

pumilus strain McSt7, and Bacillus invictae strain

T8.28 (Fig. 3). Meanwhile, HIB_26 isolate exhibited

100% similarity to Staphylococcus sp. NIOT-COMAPS

39, Staphylococcus cohnii strain DRLL14, and Staph-

ylococcus nepalensis partial strain Marselle-IHU

AA00322.

Phylogenetic analysis with a scale of 5% suggested

that HIB_95 showed 66% similarity to Bacillus invictae

strain T8.28, B. safensis strain MSPE 18, and Bacillus

altitudinis isolate HL 1RP1. Furthermore, HIB_27

isolate demonstrated 100% similarity to S. cohnii

strain Lmb033 and S. cohnii subsp. urealyticus LAMA

820, while HIB_98 isolate showed similarity to Derma-

coccus nishinomiyaensis strain JPR-06, Calidifonti-

bacter sp. R161, Yimela sp. S3-195, Dermacoccus abyssi

strain MT1.1, and Dermacoccus profundi strain MT2.2

(Fig. 3). Most DNRA bacterial isolates were nitrate-

reducing bacteria and regarded as fermentative bacte-

ria, in which their activities are dependent on nitrate

level in the environment [23]. The nitrate-reducing

activity generated by denitrifying and DNRA bacteria is

considerably affected by electron donor and carbon

sources [5, 24]. The limitation on nitrate level is a crucial

factor for the growth of DNRA bacteria, contributing to

the continuous process of the nitrate-reducing reaction

[25]. In mangrove ecosystem or coastal area, DNRA

reaction may exist. It often occurs under the condition in

which inorganic nitrogen is trapped in the absence of

oxygen [26].

Table 3. Morphological characteristics and OF test of denitrifying and DNRA bacteria isolated from mud crab culture under
a recirculating system.

No. Isolates Colony morphology Cell morphology OF test
Denitrifying bacteria
1 HIB_4a Big, white, yellowish, circular, mucoid Rod/Gram + O
2 HIB_7a Small, white, circular, mucoid Rod/Gram - O
3 HIB_8a Big, yellow, oval/circular, mucoid Rod/Gram + O

DNRA bacteria
1 HIB_26 Medium, white, smooth, convex Cocci/Gram + F
2 HIB_27 Big, yellowish white, smooth, convex Cocci/Gram + F
3 HIB_31 Medium, transparent, less white, smooth, convex Cocci/Gram + F
4 HIB_92 Medium, white, smooth, convex Rod/Gram + F
5 HIB_95 Small, whitish yellow, smooth, convex, filamentous Rod/Gram + F
6 HIB_96 Small, whitish yellow, smooth, convex, filamentous Rod/Gram + F
7 HIB_98 Small, yellow, circular, smooth, convex Cocci/Gram + F

O : oxidative; F : fermentative.



438 Hastuti et al. 

http://dx.doi.org/10.48022/mbl.2011.11011

Conclusion

Three denitrifying bacterial isolates and seven DNRA

bacteria isolates have varying morphological and taxo-

nomic characteristics. The phylogenetic analysis based

on the 16S rRNA gene of the denitrifying bacterial iso-

lates revealed that HIB_7a isolate was found to belong

to Stenotrophomonas daejeonensis strain MJ03. HIB_92

isolate of DNRA bacteria had a 100% similarity to B.

sonorensis strain N3, Bacillus strain VITS-17, B.

tequilensis strain TY5, Geobacillus sp. strain DB24, B.

subtilis strain A1, and B. mojavensis strain SSRAI21.

Denitrifying and DNRA bacteria isolated from mud crab

cultivation might be developed for their application as

probiotics in the aquaculture environment.
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