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INTRODUCTION

The poultry slaughterhouse industry gen-
erates substantial amounts of organic matter in 
wastewater, commonly releasing ammonia as 
air pollutants (Ngobeni et al., 2022). Inadequate 
treatment of these wastes can lead to significant 
health hazards, unpleasant odor, and environ-
mental contamination, prompting complaints 
from nearby populations (Bist et al., 2023). The 
wastewater generated by poultry slaughterhouse 

operations comprises blood, feathers, flesh, and 
sanitation agent from the production process. 
The management of poultry slaughterhouse 
wastewater is conducted biologically via aerobic 
and anaerobic processes, aided by decomposing 
microorganisms. The treatment intends to dimin-
ish the organic matter of wastewater during pro-
cessing. Thus, its disposal into aquatic systems or 
the surrounding environment can be considered 
safe (Khusnuryani et al., 2014). The preliminary 
phase of conventional poultry slaughterhouse 
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wastewater treatment entails physicochemical 
methods, utilising screening to eliminate coarse 
materials. Subsequently, secondary treatment 
utilises a combination of anaerobic and aerobic 
biological processes to break down most dis-
solved organic contaminants and minerals effi-
ciently. The final stage involves the application 
of tertiary treatment procedures, including filtra-
tion and disinfection, to enhance water purity, 
guaranteeing that the resultant effluent meets 
safety and environmental discharge standards. 
(Fatima et al., 2021). 

Inadequate waste management can lead to en-
vironmental contamination, particularly through 
odor pollution from ammonia compounds. Am-
monia is produced by the ammonification process, 
where decomposing bacteria metabolize organic 
substances from the remnants of deceased organ-
isms, including proteins and amino acids, thereby 
deriving ammonia from organic nitrogen. The 
environmentally sustainable approach for ammo-
nia decomposition involves the use of biological 
agents (Fitriyanto et al., 2017, 2019). The process 
is referred to as heterotrophic nitrification and 
aerobic denitrification. These bacteria possess the 
capability to utilize ammonia via the nitrification-
denitrification process (Azkarahman et al., 2021; 
Prasetyo et al., 2018). This approach could opti-
mize the decomposition of ammonia compounds 
in the poultry slaughterhouse wastewater. This re-
search aimed to isolate and identify bacteria from 
the activated sludge of poultry slaughterhouse 
wastewater treatment systems, primarily focusing 
on strains that facilitate heterotrophic nitrification 
and aerobic denitrification process to diminish 
ammonia concentrations. Poultry slaughterhouse 
wastewater is characterized by elevated concen-
tration of nitrogenous compounds, especially am-
monia (Gržinić et al., 2023), rendering it a perti-
nent and selective environment for the isolation 
of resilient ammonia-oxidizing bacteria. Utilizing 
this waste as a source of isolation is warranted due 
to its nutrient-dense and microbially varied char-
acteristics, which can promote the enrichment of 
functional strains with viable bioremediation ca-
pabilities (Ayilara and Babalola, 2023). The nov-
elty of this study lies in exploring indigenous bac-
terial strains from poultry slaughterhouse waste 
treatment sludge that possesses dual functionality 
in heterotrophic nitrification and aerobic denitri-
fication. This study emphasizes the potential ap-
plication of these isolates for ammonia removal 
and their conversion into value-added products 

such as smart fertilizers, thereby enhancing envi-
ronmental sustainability and supporting circular 
economy initiatives in the livestock industry. 

METHODS

Bacterial isolation from activated sludge

Activated sludge samples were collected from 
the poultry slaughterhouse wastewater treatment 
facility at the Agrotechnology Innovation Center 
(PIAT) Universitas Gadjah Mada. The isolation 
process involved culturing the activated sludge 
on 1/100 diluted nutrient agar supplemented with 
50 g/L of either ammonium sulfate ((NH₄)₂SO₄) 
or ammonium chloride (NH₄Cl). Dominant bac-
terial colonies have been isolated and re-streaked 
on the identical agar medium for obtaining pure 
isolates. Aerobic incubation then was conducted 
at 30 °C for 7 days. Isolated colonies were then 
transferred to slanted agar tubes for maintenance 
and preservation. Selected colonies were sus-
pended in 9 mL of sterile distilled water, vortexed, 
and cultured on nutrient agar with and without the 
addition of (NH₄)₂SO₄ and NH₄Cl to assess their 
growth tolerance to ammonium salts. Isolates 
were subsequently transferred to liquid medium 
and cultured in conditions of continuous shaking 
to assess ammonium consumption. 

Screening for ammonium-tolerant bacteria

Screening for ammonium-tolerant bacteria 
was carried out using agar medium. The medium 
was prepared by combining 1 mL of a stock so-
lution containing 1% meat extract, 1% microbio-
logical peptone, and 0.5% NaCl with 99 mL of 
distilled water and 1.5 g of agar powder. Various 
concentrations of (NH₄)₂SO₄ and NH₄Cl were 
added, including 0.1% (1 g/L), 1% (10 g/L), 3% 
(30 g/L), and 5% (50 g/L). Ammonium salts were 
used as the ammonia substrate in the prepared 
agar plates, and 100 µL of the 10⁵ dilution was in-
oculated onto the prepared agar plates containing 
ammonium salts as the ammonia substrate. The 
plates were then incubated to observe bacterial 
growth under different ammonium concentrations.

Identification of bacterial isolates

Based on the guidelines outlined in Ber-
gey’s Manual of Systematic Bacteriology, the 
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morphological, biochemical, and physiological 
characteristics of the ammonium-responsive bac-
terium were investigated (Brenner et al., 2005). 
Four isolates were selected for further identifica-
tion based on their tolerance to high nitrogen levels 
and nitrogen-reducing ability. Molecular identifi-
cation was conducted to ensure accurate taxonom-
ic classification of the selected isolates. Genomic 
DNA was collected using the Quick-DNA Fungal/
Bacterial Miniprep Kit (Zymo Research D6005). 
The 16S rRNA gene was amplified with the uni-
versal primers 27F (5′-AGAGTTTGATCCTG-
GCTCAG-3′) and 1492R (5′-GGTTACCTTGT-
TACGACTT-3′). The PCR reaction was conduct-
ed in a total volume of 30 µL with 2× MyTaq HS 
Red Mix (Bioline, BIO-25048). The thermal cy-
cling protocol included an initial pre-denaturation 
at 94 °C for 2 minutes, followed by denaturation 
at 92 °C for 300 seconds, annealing at 55 °C for 
30 seconds, and extension at 72 °C for 1 minute, 
repeated for 30 cycles. A final extension was per-
formed at 75 °C for 20 minutes, followed by a 
final hold at 4 °C. The PCR products were subse-
quently subjected to bidirectional sequencing. The 
obtained sequences were analyzed using the basic 
local alignment search tool (BLAST) to determine 
sequence homology based on available data in the 
NCBI GenBank database. Phylogenetic analy-
sis was conducted utilizing the Neighbor-Joining 
method in the ClustalX2 software, comparing the 
isolates to both closely and distantly related refer-
ence strains (outgroups). Bootstrap analysis with 
1000 replicates was used to assess the stability of 
the resulting phylogenetic tree, which was then vi-
sualized and edited using MEGA 11.

Bacterial growth profile and ammonium 
reduction assessment

A single loopful of a bacterial colony was in-
oculated into 5 mL of stock solution and the mix-
ture was then cultured for 12 hours at room tem-
perature on a rotary shaker set at 120 rpm in order 
to prepare a bacterial preculture. Subsequent to 
incubation, 1 mL of the preculture was inoculated 
into 100 mL of a fresh stock solution enriched 
with 5% (NH₄)₂SO₄ and NH₄Cl as substrate. As a 
control, 1 mL preculture was inoculated into 100 
mL of stock solution devoid of ammonium salt 
supplementation. The cultures were cultured for 
16 hours, and 1 mL samples were collected hourly 
to assess optical density (OD) at 625 nm using a 
spectrophotometer. At the same time points, 2 mL 

of culture was taken for the determination of am-
monium concentration using the Nessler method 
(Anupong et al., 2022).

RESULTS AND DISCUSSION

Identification of bacterial isolates

The bacterial colonies were successfully iso-
lated from activated sludge in the medium with 
various concentrations of ammonium as a selec-
tive stressor (Figure 1). At a concentration of 5% 
ammonium, eight distinct bacterial isolates were 
observed, namely SO3P, SO3K, SO1OR, SO4PB, 
SO4PM, CL3P, CL5P, and SO1K (Figure 2). The 
morphological characterization of bacterial iso-
lates showed that all isolates were Gram-positive, 
as summarized in Table 1. Further observation re-
vealed that SO1OR and SO4PB exhibited a coc-
cus morphology, while the remaining six isolates 
displayed diplococcal forms. Antibacterial sus-
ceptibility assays demonstrated that SO1OR and 
SO4PB were resistant to the antibacterial agent, 
whereas the other six isolates were sensitive. 

The morphological test revealed that all bacte-
rial isolates belonged to the Gram-positive group, 
characterized by the existence of a dense pepti-
doglycan layer coating in the bacterial cell wall. 
This observation is supported by a statement from 
(Pasquina-Lemonche et al., 2020) who reported 
that Gram-positive bacteria possess significantly 
thicker peptidoglycan layers compared to Gram-
negative bacteria, serving as a key distinguishing 
structural feature.

The bacterial shape analysis indicated that 
two isolates, SO1OR and SO4PB, demonstrated 
coccus shape, indicatice of a spherical configu-
ration, while the remaining six isolates presented 
a diplococcus form, defined by pairs of spheri-
cal cells. These morphologies are characteristic 
of Gram-positive bacteria, commonly appear as 
short rods, chains, cocci, or diplococci, as noted 
by Ullberg and Özenci (2020). Antibiotic sus-
ceptibility tests revealed that six isolated were 
susceptible to antibiotics, whereas two isolates 
shwon resistance. This phenomenon may be as-
cribed to the lack of an outer membrane in Gram-
positive bacteria, which enhances permeability to 
antibiotics. These structural characteristics have 
been associated with increased antibiotic suscep-
tibility in Gram-positive organisms (Pasquina-
Lemonche et al., 2020).
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The biochemical properties of the bacterial 
strain are presented in Table 2. Catalase activity 
was observed in all isolates, indicating their abil-
ity to produce the catalase enzyme. Fermentation 
tests for mannitol and various sugars, including 
glucose, lactose, maltose, and saccharose, yield-
ed positive results only for isolates SO1OR and 
SO4PB, while the remaining six isolates tested 
negative. All isolates exhibited negative respons-
es for sulfur reduction, indole production, and 
motility tests. The Simmons citrate test revealed 
negative citrate utilization in isolates SO1OR and 
SO4PB, whereas the remaining six isolates tested 
positive. Similarly, the urease test showed posi-
tive activity only in SO1OR and SO4PB, with the 
remaining isolates testing negative. 

The uniform positive catalase test results 
among all isolates indicate that each bacterial 

strain possesses the ability to synthesize catalase, 
an enzyme responsible for decomposing hydro-
gen peroxide, a toxic byproduct of aerobic me-
tabolism. Hydrogen peroxide induces oxidative 
stress in bacterial cells, and catalase plays a cru-
cial role in mitigating this effect by converting it 
into water and oxygen. To counter this, catalase 
catalyzes the convertion of hydrogen peroxide 
into water and oxygen. This enzymatic activity is 
essential for maintaining redox homeostasis and 
protecting bacterial cells from oxidative damage 
(Hadwan et al., 2024).

The differences in sugar fermentation re-
sponses, where only the SO1OR and SO4PB 
isolates exhibited positive results for mannitol, 
glucose, lactose, maltose, and saccharose, may 
be attributed to the presence of specific metabolic 
enzymes in these strains. The ability to ferment 

Figure 1. The results of inoculation on the substrate (NH4)2SO4 (left) and NH4Cl (right) with a concentration of: 
(a) 0.01% (b) 1% (c) 3% (d) 5%

Table 1. Isolate morphology test results

Isolate code
Indicator

Shape of colony Gram stain Antibacterial test

SO1OR Round Positive coccus Resistant

SO1K Round Positive diplococcus Sensitive

SO3P Round Positive diplococcus Sensitive

SO3K Round Positive diplococcus Sensitive

SO4PB Round Positive coccus Resistant

SO4PM Round Positive diplococcus Sensitive

CL3P Round Positive diplococcus Sensitive

CL5P Round Positive diplococcus Sensitive
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particular sugars is often determined by the pres-
ence or absence of key enzymes such as mannitol 
dehydrogenase or beta-galactosidase. Variability 
in metabolic pathways across different bacterial 
genera or strains could explain the differential fer-
mentation profiles observed. Similar observations 
have been reported in studies where only certain 
Gram-positive cocci, such as Staphylococcus 
aureus and Staphylococcus epidermidis, demon-
strated mannitol fermentation activity (Namvar et 
al., 2014; Nguyen et al., 2019).

The sulfur, indole, and motility tests showed 
negative responses across all isolates. This indi-
cates that none of the bacterial isolates were able 
to reduce sulfur compounds to hydrogen sulfide 

(H₂S), a trait commonly associated with cer-
tain Gram-negative bacteria possessing flagella 
(Dordević et al., 2021). The negative indole re-
sults suggest that the isolates lack the ability to 
utilize the amino acid tryptophan for the synthesis 
of pyruvic acid, ammonia, or indole. The indole 
test specifically detects the tryptophanase, which 
hydrolyzes tryptophan into indole and other by-
products (Bhattacharyya, 2023).

Motility observations revealed that all isolates 
lacked flagella and therefore exhibited no motile 
behavior. Nonmotile characteristics are common-
ly found in coccus-shaped bacteria, which is con-
sistent with previous reports indicating that non-
motile bacteria are often associated with coccoid 

Figure 2. Growth of bacterial isolates with strain codes: (a) SO3P, (b) SO3K, (c) SO1OR, (d) SO4PB,
(e) SO4PM, (f) CL3P, (g) CL5P, and (h) SO1K, on agar medium supplemented with 5% (NH₄)₂SO₄

Table 2. Isolate biochemical test results

Indicator
Isolate code

SO1OR SO1K SO4PM SO4PB SO3P SO3K CL3P CL5P

Catalase + + + + + + + +

Mannitol + - - + - - - -

Glucose + - - + - - - -

Lactose + - - + - - - -

Maltose + - - + - - - -

Saccharose + - - + - - - -

Sulfur - - - - - - - -

Indole - - - - - - - -

Motility - - - - - - - -

Simmons citrate - + + - + + + -

Urea + - - + - - - -
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morphology (Zegadło et al., 2023). Positive re-
sponses were observed in the urease test results in 
strains SO1OR and SO4PB, indicating their abil-
ity to produce the urease. This enzyme catalyzes 
the hydrolysis of urea into ammonium and carbon 
dioxide (CO₂), which can serve as nitrogen sourc-
es for bacterial metabolism (Cui et al., 2022). 

The findings of molecular identification of the 
isolates are presented in Figure 3. PCR products 
were visualized using 0.8% agarose gel electro-
phoresis. Based on the gel visualization, isolates 
SO1K, SO3K, SO1OR, and SO4PB produced 
amplicons with an approximate size of 1.000 base 
pairs. The sequencing results revealed that strain 
SO1K, SO3K, SO1OR, and SO4PB generated se-
quence lengths of 1.385 bp, 1.392 bp, 1.416 bp, 
and 1.414 bp, respectively. 

The comparison of 16S rRNA gene homology 
of bacterial isolates is shown in Table 3. BLAST 
analysis revealed that isolate SO1K shared high 
similarity with Brevibacterium sp., SO3K with 
Rothia koreensis, SO1OR with Staphylococcus 
aureus, and SO4PB with Staphylococcus epider-
midis. The 16S rRNA gene sequence of SO1K 
showed 99.86% similarity to the reference strain, 
while SO3K exhibited 99.43% similarity. In con-
trast, SO1OR and SO4PB both showed 100% 
identity with their respective reference strains.

These identity percentages indicate the degree 
of sequence alignment between the query and ref-
erence sequences. The common consensus in 16S 
rRNA gene analysis-based microbial identifica-
tion is that a similarity result more than 97.5% in-
dicates species-level identity, while values above 
95% suggest genus-level identity (Stackebrandt 

and Goebel, 1994). The phylogenetic tree illus-
trating the relationships of isolates SO1K, SO3K, 
SO1OR, and SO4PB is presented in Figure 4.

Growth profile and ammonium reduction 
ability of bacterial isolates

All the isolates, SO1K, SO3K, SO1OR, and 
SO4PB exhibited notable growth and ammonium 
concentration reduction, as shown in Figure 4. 
The SO1K isolate, identified as Brevibacterium 
sp. showed a slight increase of absorbance be-
tween hour 0 and hour 4, indicating the beginning 
of the lag phase. The absorbance values increased 
steadily from hour 4 to hour 7, corresponding to 
the exponential growth phase. From hour 7 to hour 
16, the absorbance values remained constant, in-
dicating that the isolate had reached the stationary 
phase. A continuous decrease in ammonium con-
centration was observed over the 16 hours obser-
vation period, as reflected by a 92.15% reduction 
in ammonium concentration, from 310.99 mg/L 
at hour 0 to 24.41 mg/L at hour 16. 

The SO3K isolate, taxonomically aligned 
with Rothia koreensis, began to show a slightly 
increasing absorbance from hour 0 to hour 3. Ab-
sorbance values were then increased rapidly from 
hour 3 to hour 8 and then remained relatively 
stable from hour 9 to hour 14. A decrease in ab-
sorbance was observed starting at hour 15, indi-
cating the beginning of the death phase. Based on 
this pattern, the SO3K isolate was in the adapta-
tion phase from hour 0 to hour 3, the exponential 
phase from hour 3 to hour 8, the stationary phase 
from hour 9 to hour 14, and the death phase at 

Figure 3. Results of amplification of bacterial isolates with codes: (1) SO1K, (2) SO3K, (3) SO1OR, (4) SO4PB, 
(M) DNA marker, and (NTC) non template control
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hour 15. A notable decrease in ammonium con-
centration was indicated during the 16 hours ob-
servation period, as shown by a 95.77% decrease 
in ammonium concentration, from 375.00 mg/L 
at hour 0 to 15.86 mg/L at hour 16. 

Isolate SO1OR, confirmed to be Staphylococ-
cus aureus based on molecular identification, be-
gan to exhibit measurable absorbance ​​at hour 0 
on both the control medium and the substrate. A 
slight increase in absorbance was observed from 
hour 0 to hour 3, followed by a rapid increase in 
absorbance from hour 3 to hour 8. A relatively 
constant absorbance values were then observed 
from hour 8 to hour 15. The SO1OR isolate was 
in the adaptation phase between hour 0 and hour 
3, entered the exponential phase between hour 
3 and hour 8, and reached the stationary phase 
between hour 9 and hour 15. A significant re-
duction in ammonium concentration was ob-
served during the 16 hours incubation period, as 

indicated by a 98.63% decrease in ammonium 
concentration, from 317.40 mg/L at hour 0 to 
4.36 mg/L at hour 16. 

Identified as Staphylococcus epidermidis, the 
SO4PB isolate displayed an initial absorbance 
hour 0 and slightly increased until hour 3 Absor-
bance values was rapidly increased from hour 3 to 
hour 9, indicating the exponential growth phase. 
From hour 10 to hour 15, the absorbance values 
remained stable, suggesting that the culture had 
entered the stationary phase. At hour 16, a de-
crease in absorbance was observed, indicating the 
onset of the death phase. A reduction in ammo-
nium concentration was observed under the tested 
conditions, as indicated by a 99.78% decrease in 
ammonium concentration, from 333.67 mg/L at 
hour 0 to 0.74 mg/L at hour 16. In addition to its 
growth activity, the SO4PB isolate exhibited the 
ability to lower ammonium levels during the in-
cubation period (Figure 5). 

Table 3. Comparison of 16S rRNA marker homology of bacterial isolates

No Isolate Comparison sequence access number Species Similarity (%)

1 SO1K JF927301.1 Brevibacterium sp. 99.86

2 SO3K MG557684.1 Rothia koreensis 99.43

3 SO1OR CP102976.1 Staphylococcus aureus 100.00

4 SO4PB CP102565.1 Staphylococcus epidermidis 100.00

Figure 4. Neighbor-joining dendrogram based on 16S rRNA marker sequences in SO1K, SO3K, SO1OR
and SO4PB isolates against comparison sequences
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All isolates underwent an adaptation phase 
that generally occurred between hour 0 and hour 
4, although the exact timing varied depending 
on the bacterial strain. During this phase, the 
cells adjusted to the available nutrients and en-
vironmental conditions. The exponential phase 
of each bacterial isolate is different due to dif-
ferent types of bacteria including the ability to 
utilize nutrients so that the absorbance value 
produced is different. The exponential phase is 
the life cycle of a microorganism by multiply-
ing by utilizing the synthesis of cell material that 
occurs in a short and constant time (Madigan et 
al., 2012). The stationary phase of each bacte-
rial isolate occurred under different conditions, 
which can be attributed to variations in bacterial 
populations and the composition of the nutrient 

media, resulting in differences in the observed 
absorbance values. The bacterial growth will 
reach a stationary phase when the nutrients are 
depleted. The growth rate of the culture is zero 
when the medium is depleted or when other resi-
dues accumulate that inhibit bacterial growth. No 
significant decrease or increase in the number of 
cells occurs (Stanbury et al., 2016). 

The growth profile of strain SO1K, identified 
as Brevibacterium sp., exhibited a faster growth 
rate compared to the growth profile of Brevibac-
terium aureum reported by Chen et al. (2013), 
which entered an adaptation phase from hour 0 to 
12, followed by an exponential phase until hour 
24, and reached a stationary phase that persisted 
until hour 96. The death phase began at hour 96, 
as indicated by a gradual decline in optical density 

Figure 5. Bacterial growth curve and ammonium reduction by strain SO1K, SO3K, SO1OR, and SO4PB
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observed until hour 120. The growth profile of 
strain SO3K, identified as Rothia koreensis, dem-
onstrated a more rapid growth pattern compared 
to that of Rothia mucilaginosa as reported by 
Uranga et al. (2020). In their study, Rothia mu-
cilaginosa exhibited an adaptation phase from 
hour 0 to 5, followed by exponential growth until 
hour 15, and entered the stationary phase which 
persisted up to hour 50. No decline in cell den-
sity was observed within the 50-hour observation 
period, indicating that the death phase had not 
yet begun. Strain SO1OR, identified as Staphy-
lococcus aureus, exhibited a faster growth profile 
than the Staphylococcus aureus strain reported 
by Masood et al. (2020). In that study, the strain 
underwent an adaptation phase during the first 
2 hours, followed by an exponential phase until 
hour 10, and remained in the stationary phase up 
to hour 23, with no clear onset of the death phase. 
Similarly, strain SO4PB, which was identified as 
Staphylococcus epidermidis, also demonstrated 
accelerated growth when compared to the growth 
pattern of Staphylococcus epidermidis described 
in the same study. The reference strain displayed 
a lag phase of approximately 1.7 hours, entered 
exponential growth until around hour 16.7, and 
maintained a stationary phase thereafter. No de-
cline in optical density was observed up to hour 
23. In contrast, SO4PB progressed more rapidly 
through the initial growth phases, indicating en-
hanced environmental adaptation and growth ef-
ficiency under the tested conditions. 

All four bacterial strains demonstrated a re-
duction in ammonium concentration exceeding 
90%, with the most substantial decrease observed 
in strain SO4PB, identified as Staphylococcus 
epidermidis, that accomplished a decrease of 
99.78%. These results suggest that the strains 
have the capacity to degrade ammonia and may 
function as potential ammonia-oxidizing bacte-
ria. Such bacteria are known to reduce ammonia 
levels in their environment through the activity 
of ammonia monooxygenase (AMO), a key en-
zyme in the oxidation of ammonium ions. AMO 
facilitates the transformation of ammonia (NH₄⁺) 
into hydroxylamine (NH₂OH), which is subse-
quently oxidized to nitrite (NO₂⁻) by hydroxyl-
amine oxidoreductase (Farooq et al., 2022; Si-
mon and Klotz, 2013).

 The findings related to strain SO1K, identi-
fied as Brevibacterium sp. align with the previ-
ous study showing that bacterial genera such as 
Brevibacterium ammoniilyticum obtained from 

sewage sludge processing plants near agricultural 
areas, are capable of degrading ammonia (Kim et 
al., 2013). The isolate that was identified as Ro-
thia koreensis, is a species previously described 
as Kocuria koreensis (Park et al., 2010) and later 
reclassified based on phylogenomic and pheno-
typic analyses (Nouioui et al., 2018). Kocuria sp. 
is an Actinobacteria capable of oxidizing ammo-
nia to nitrite, this condition is in accordance with 
the statement from a previous study that Kocuria 
sp. belongs to the Actinobacteria group which is 
Gram-positive and arranged in pairs that can oxi-
dize ammonia to nitrite (Huang and Jaffé, 2015; 
Kandi et al., 2016). The observed reduction in 
ammonia levels in this study suggests a potential 
ammonia-related metabolic activity by Staphylo-
coccus aureus. Although no previous studies have 
confirmed its ability to oxidize ammonia, Staphy-
lococcus aureus is known to possess nitrate re-
ductase, which reduces nitrate to nitrite (Li et al., 
2023), and nitric oxide synthase, which catalyzes 
the conversion of L-arginine to nitric oxide in the 
presence of oxygen and NADPH (Gøtterup et al., 
2007). Ammonia assimilation in Staphylococ-
cus aureus is mediated by glutamine synthetase 
(glnA), which facilitates the ATP-dependent syn-
thesis of glutamine from glutamate and ammonia 
(Somerville and Proctor, 2009). These metabolic 
pathways suggest that Staphylococcus aureus has 
well-established mechanisms for nitrogen utiliza-
tion, although its direct involvement in ammonia 
oxidation remains unconfirmed and may be spe-
cific to certain strains. The ability of Staphylococ-
cus epidermidis strain SO4PB to oxidize ammo-
nia is in opposition to what was found of Ohkubo 
et al. (2022) who states that the incorporation of 
ammonia to Staphylococcus epidermidis cultures 
resulted in elevated production of reactive oxygen 
species (ROS), which in turn inhibited bacterial 
growth. Staphylococcus epidermidis also tends to 
produce ammonia as part of its metabolic activity, 
as demonstrated by Lindgren et al. (2014). In con-
trast, strain SO4PB in the present study exhibited 
both robust growth and high ammonia removal 
efficiency, suggesting strain-specific differences 
in ammonia tolerance and metabolic response, 
potentially influenced by environmental adapta-
tion or genetic variation. Staphylococcus epider-
midis has also been reported to carry out denitri-
fication, with the ability to reduce nitrate by up 
to 87% under anoxic condition within 120 hours 
(Zaffar et al., 2024), indicating its broader role in 
nitrogen transformation process.
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CONCLUSION

This study successfully isolated eight bac-
terial strains from the activated sludge of poul-
try slaughterhouse wastewater namely SO1K, 
SO1OR, SO3K, SO3P, SO4PB, SO4PM, CL3P, 
and CL5P. Based on their tolerance to high am-
monium levels and ammonium-reducing ability, 
four isolates were selected for further identifica-
tion. Molecular identification revealed that SO1K 
shared 99.86% sequence identity with Brevibac-
terium sp., SO3K showed 99.43% similarity to 
Rothia koreensis, SO1OR was 100% identical to 
Staphylococcus aureus, and SO4PB was 100% 
identical to Staphylococcus epidermidis. These 
selected strains demonstrated significant ammo-
nium reduction capacities, with SO1K reduc-
ing ammonium by 92.15%, SO3K by 95.77%, 
SO1OR by 98.63%, and SO4PB by 99.78%. 
These findings suggest that the selected strains 
have promising potential for application in the 
treatment of nitrogen-rich wastewater. 
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