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Abstract: The main objective of this research was to investigate the
Alcaligenes sp. LS2T characteristics in total ammonia and N2O emission under
different carbon sources and C/N ratios in the synthetic media. Observation of
the strain application potential to suppress ammonia emission was also
performed on laying hen manure with different initial pH conditions. The total
ammonia concentration was observed by Nessler’s reagent photometry method
followed by Lide and Frederikse equation, while the N2O emission was
measured by gas chromatography. The result showed that the least total
ammonia concentration (12.77 ± 2.61 ppm) was seen in acetate C/N 28
medium. The highest N2O emission was seen in citrate C/N 14 medium, which
emitted 377.13 ± 20.11 ppb N2O. The least emitted ammonia in the manure
media was seen in an acid medium (116.92 ± 8.34 ppm ammonia). The results
showed the Alcaligenes sp. LS2T capabilities to remove ammonia under
aerobic condition.
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Introduction

Animal waste has been known as the source of many problems, whether to the animal
farm production or the environment due to the nitrogen compounds. In the poultry farm,
NH3 emissions from the manure are mainly due to high protein content in the chicken
diets, which will be excreted as uric acid, ammonia, and urea (Goldstein and Skadhauge,
2000). Furthermore, uric acid and urea from the chicken manure will be converted into
NH3 and CO2 through certain processes catalysed by uricase and urease enzyme (Bahl
and Bahl, 2004). The NH3 emission showed a negative effect on farm productivity, this
would harm the farming finances. Research by Maliselo and Nkonde (2015) showed an
adverse effect of NH3 emission on poultry performances. Furthermore, the exposure of
NH3 at 70 mg/kg is known to decrease the relative weight of the spleen, serum globulin
concentration, serum lysozyme and serum globulin of the broiler chicken (Wei et al.,
2015).
Aside from its negative impact to the poultry performances, nitrogen runoffs were
also known to cause a negative effect to the environment, one of the examples is the
biotic disruption in Tondano Lake (Wantasen et al., 2012). According to O’mara (2011),
animal agriculture contributes 8–10% of global greenhouse emission, while Maeda et al.
(2013) explained that the contribution was mainly due to poor farm waste management.
The high contribution was originated from the N2O emission from the animal waste,
regarding that N2O is 200–300 times stronger than CO2 to cause global warming, and has
recently been deemed to be the foremost threat to the ozone layer of the twenty-first
century (Ravishankara et al., 2009).
The problems associated with laying hen manure management then have given rise to
the need for treatment technologies (Li et al., 2011). The intensive confinement system
which mostly applied in the poultry farm has resulted in significant environmental
challenges, such as an excess of NH3 emission due to the massive volumes of laying hen
manure excreted (Chen et al., 2017). Biological treatment is known as one of the
approaches to reduce NH3 emission from animal waste. A study on the consortium of
Pseudomonas spp., Candida sp. LS3K and Arthrobacter sp. LM1KK as a microbial
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treatment for poultry and livestock wastes showed the ability to suppress ammonia
emission through an oxidation process (Pastawan et al., 2017). The other studies on
Alcaligenes spp. showed the ability to remove the ammonium concentration on various
wastes and media through nitrification and denitrification process (Gupta and Gupta,
2001; Joo et al., 2005; Liu et al., 2015). The concept of biological treatment on nitrogen
removal was through the nitrogen cycle which resulted in safe N2 gas. Thus, in-depth
research to design a biological treatment to suppress ammonia emission with
consideration to the consequences of the potent greenhouse gas emission is required
(Maia et al., 2012).
In this study, we investigated the characteristic of Alcaligenes sp. LS2T, bacteria
strain which previously isolated from a local poultry farm, and observed its total
ammonia and N2O gas emission in acetate and citrate medium. Furthermore, we also
investigated the total ammonia emission on chicken layer manure at various pH
conditions after inoculated by Alcaligenes sp. LS2T.
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Materials and methods

2.1 Sample preparation
The research is a pilot-scale experimental study conducted in Laboratory of Leather,
By-products and Waste, Technology, Faculty of Animal Science, Universitas Gadjah
Mada, Indonesia; and N2O measurement was analysed in the Agriculture Environment
Research Institute, Pati, Indonesia. The Alcaligenes sp. LS2T was previously cultured
and stocked in the agar media and stored at 4°C temperature before used for inoculation.
The stock solution of Alcaligenes sp.LS2T strain was prepared by dissolving the
following in 100 mL of distilled water: 1 g meat extract, 1 g bacteriological peptone, and
0.5 g NaCl. The stock solution was then adjusted at pH 7.2 and sterilised with an
autoclave at 120°C 15 psi for 15 minutes. After reaching around room temperature,
Alcaligenes sp. LS2T isolate from agar media was then added into the stock solution and
incubated for 24 hours in a rotary shaker, after that the isolate was then inoculated into
the synthetic and manure media.
The synthetic media were prepared by dissolving the following in 1 L of distilled
water: (NH4)2SO4 0.472 g, MgSO4ꞏ7H2O 0.05 g, K2HPO4 0.2 g, NaCl 0.12 g,
MnSO4ꞏ4H2O 0.01 g, and FeSO4 0.01 g. Sodium acetate and trisodium citrate were used
as sole carbon source separately in the media to further observe the effect of the different
carbon source to the nitrogen removal, abbreviated as acetate medium and citrate medium
respectively. In order to elucidate the influence of carbon to nitrogen (C/N) molar ratio
on the performance of Alcaligenes sp. LS2T, the amount of ammonium in both media
were fixed at 130 ppm while the amount of carbon was adjusted to the appropriate C/N
ratios, which were 7, 14, 21 and 28.
Laying hen manure was collected from the Faculty of Animal Science, Universitas
Gadjah Mada farm during the laying period. The slurry was then made by diluting fresh
laying hen chicken manure with distilled water in 1:10 ratio and divided into control
(without pH conditioning); acid (pH 5); neutral (pH 7); and base (pH 9) medium. The pH
fixation was done by using NaOH and tris-HCl as a buffer.
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2.2 Inoculation and sample collection
The synthetic and manure media were added with a stock solution of Alcaligenes
sp.LS2T strain as much as 1% of the media volume, except for the control medium which
was not added with the stock solution. The bacteria density in the stock solution
was measured with standard Total Plate Count and showed that it contained 1.35 ×
107 CFU/mL of Alcaligenes sp. LS2T. The inoculated media were then aerated and
placed on a rotary shaker and continuously shaken at 90 rpm for 96 hours. One mL of
synthetic media was taken every 12 hours for ammonium measurement while the gas
samples were collected every 24 hours and kept in a gas-tight tube for N2O gas
measurement. For the manure media, 200 mL of 0.02N Boric acid was used to trap
ammonia and then taken as much as 1 mL every 12 hours for ammonia measurement.
The schematic representation of the laboratory set up can be seen in Figure 1.
Figure 1

Schematic representation of the laboratory set up

2.3 Total ammonia, N2O and pH measurement
The collected liquid samples from synthetic and manure media was centrifuged at
14,000 g, and the obtained supernatant was used for the ammonium analysis by following
Nessler’s reagent photometry method (American Public Health Association, 1998) using
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spectrophotometer (Shimadzu, Japan). Sample as much as 1 mL were added with 1 mL of
Nessler reagent and homogenised by vortex for 10 minutes. The brown color dispersion
in the solution then observed with a spectrophotometer at 425 nm, and the ammonium
concentration can be measured by calculating the result with the standard curve equation.
The ammonium concentration then can be used for total ammonia emission calculation
through polynomial regression from Lide and Frederikse (1993) by the following
equation:
 NH 3  NH 4   NH 3  NH 4 

H3
1  10 pK a  pH
1
Ka

 NH 3   

(1)

where [NH3] is the free ammonia concentration, [NH3 + NH 4 ] is the total ammonia
concentration, [H+] is the hydrogen ion concentration, and Ka is the acid ionisation
constant for ammonia, pKa can be expressed as function temperature of T by the
following equation:
pK a  4  108  T 3  9  105  T 2  0.0356  T  10.072

(2)

The collected gas samples were measured for the N2O concentration by following the
Indonesian Agricultural Environment Research Institute (2007) using gas
chromatography (Shimadzu, Japan). The pH changes in all media were measured using
pH meter (HANNA instruments, Italy) every 12 hours for 96 hours.

2.4 Statistical analysis
In this experiment, all of the treatments were performed in triplicate, and the obtained
data were analysed by using split-plot ANOVA following the procedures of Gomez and
Gomez (1984), and the mean differences between treatments were tested by least
significant differences (LSD) tests.

3

Results

3.1 Total ammonia, N2O emission, and pH change on acetate and citrate
medium
The observation of Alcaligenes sp. LS2T performances regarding the total ammonia, N2O
emission and pH changes in acetate and citrate medium with different C/N ratios can be
seen in Figures 2 and 3. In the acetate medium, the least of total ammonia concentration
can be seen at the C/N 28, which contained 12.77 ± 2.61 ppm of total ammonia after 96
hours of incubation. However, measurement in the citrate medium showed relatively
higher total ammonia removal; with the least total ammonia concentration (39.25±13.66
ppm) after 96 hours of incubation could be seen at C/N 7.
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Total ammonia concentration (circle), N2O emission (square) and pH value (triangle) of
Alcaligenes sp. LS2T on acetate medium with different C/N ratios, (a) C/N 7 (b) C/N 14
(c) C/N 21 (d) C/N 28

(a)

(b)

(c)

(d)
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Total ammonia concentration (circle), N2O emission (square) and pH value (triangle) of
Alcaligenes sp. LS2T on citrate medium with different C/N ratios, (a) C/N 7 (b) C/N 14
(c) C/N 21 (d) C/N 28

(a)

(b)

(c)

(d)
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Furthermore, the statistical analysis for both acetate and citrate media showed a highly
significant difference (P < 0.01) on total ammonia concentration and can be seen in
Table 1 for acetate medium and Table 2 for citrate medium.
Table 1
Time
(h)

Total ammonia concentration on acetate medium after Alcaligenes sp. LS2T
inoculation
Total ammonia concentration (ppm)
C/N 7

C/N 14

C/N 21

C/N 28

0

82.16 ± 7.52g

86.16 ± 5.57g

84.02 ± 3.92g

83.57 ± 4.04g

24

50.48 ± 0.96f

49.59 ± 11.89f

33.82 ± 7.84c

26.52 ± 4.10a

48

37.89 ± 5.90

d

f

47.11 ± 0.45f

72

36.78 ± 2.81a

29.32 ± 0.00b

96

a

a

24.16 ± 2.79

41.86 ± 6.88
20.33 ± 3.46

e

49.22 ± 7.78

47.65 ± 15.52f
15.57 ± 7.47

a

35.89 ± 0.00c
12.78 ± 2.61a

Note: a,b,c,d,e,f,gDifferent superscripts show a highly significant difference (P < 0.01).
Table 2
Time
(h)

Total ammonia concentration on citrate medium after Alcaligenes sp. LS2T
inoculation
Total ammonia concentration (ppm)
C/N 7

C/N 14

C/N 21

C/N 28

0

119.33 ± 42.66i

104.85 ± 32.73g

110.06 ± 30.83h

99.16 ± 26.71g

24

60.95 ± 3.44b

70.01 ± 17.03d

41.75 ± 15.43a

45.14 ± 4.35a

b

73.61 ± 17.18

d

86.58 ± 17.13f

48

59.97 ± 33.01

72

52.50 ± 37.33a

62.96 ± 0.05c

71.26 ± 8.52d

79.76 ± 27.42e

96

a

c

d

68.67 ± 35.56c

39.25 ± 13.66

69.52 ± 0.00

c

65.82 ± 1.54

75.06 ± 5.06

Note: a,b,c,d,e,f,g,h,iDifferent superscripts show a highly significant difference (P < 0.01).

Measurement of N2O on the acetate and citrate media showed that the highest N2O
emission in all measurement was found at the citrate medium with C/N 14 at 96 hours of
incubation, producing 377.13 ± 20.11 ppb of N2O gas. However, statistical analysis
showed no significant difference (P > 0.05), indicating that C/N ratio of 7; 14; 21; and 28
whether on acetate or citrate medium and time of incubation gave no significant effect to
the N2O emission. Furthermore, the least emitted N2O after 96-hours of incubation was
shown in the acetate C/N 21 medium, emitting 329.00±31.45 ppb N2O or converting
0.25% of total nitrogen input. The statistical analysis of N2O gas emission of Alcaligenes
sp. LS2T on acetate and citrate medium can be seen in Table 3 and Table 4 respectively.
Other studies have shown a strong correlation between pH value to the nitrification
process in which ammonia/ammonium was utilised by bacteria (Curtin et al., 1998; Paul
and Clark, 1996; Strayer et al., 1981), indicating that the pH measurement could help
elucidate the activity of the bacteria in the media. In this research, pH values were
measured every 12 hours for 96 hours. The result of pH measurement showed a pH
increase in both acetate and citrate media at every C/N ratio applied over time. The
highest pH was achieved in acetate C/N 28 medium after 72-hours incubation, which
reached 10.18. Even though the pH value experienced a decline in some media, the
overall pH value during 96-hours incubation showed an increase compared to the initial
pH, which ranging from 9.1–9.93 at the end of incubation. The understanding of the pH
conditions on acetate and citrate media provide a broader knowledge of the application of
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the bacteria as its ability to thrive and increase the pH of the media. Research done by
Shen et al. (2008) showed that the amoA gene from ammonia oxidising bacteria were
found until pH 8.6. Furthermore, pH was also known for its association with nitrification
(Kemmitt et al., 2006) and denitrification process (Simek and Cooper, 2002) in which
nitrogen gasses were produced.
Table 3
Time
(h)

N2O emission of Alcaligenes sp. LS2T on acetate medium
N2O emission (ppb)
C/N 7

ns

C/N 14ns

C/N 21ns

C/N 28ns

0

337.70 ± 25.73

329.13 ± 3.91

366.63 ± 22.76

313.17 ± 16.67

24

327.40 ± 19.28

342.60 ± 14.94

342.20 ± 6.16

333.77 ± 6.31

48

346.57 ± 10.36

350.43 ± 16.96

353.73 ± 27.29

347.33 ± 16.66

72

348.73 ± 8.17

362.20 ± 44.32

352.50 ± 21.60

372.10 ± 10.57

336.23 ± 28.20

334.77 ± 41.74

329.00 ± 31.45

366.03 ± 18.27

96
ns

Note: Superscript shows no significant difference (P > 0.05).
Table 4
Time
(h)

N2O emission of Alcaligenes sp. LS2T on citrate medium
N2O emission (ppb)
C/N 7

ns

C/N 14ns

C/N 21ns

C/N 28ns

0

330.20 ± 117.87

336.40 ± 19.54

335.30 ± 29.17

345.13 ± 20.00

24

360.13 ± 15.15

333.30 ± 46.81

340.00 ± 42.18

363.13 ± 10.80

48

335.43 ± 54.79

335.43 ± 23.78

358.53 ± 18.12

366.60 ± 13.22

72

327.50 ± 27.18

336.70 ± 54.38

338.80 ± 31.48

356.30 ± 42.99

342.97 ± 25.87

377.13 ± 20.11

351.40 ± 26.80

350.67 ± 59.83

96
ns

Note: Superscript shows no significant difference (P > 0.05).

3.2 Total ammonia emission and pH changes in manure medium inoculated
with Alcaligenes sp. LS2T
At the first measurement, all media showed no difference in the ammonia emission.
However, the total ammonia emission on each media began to show highly significant
differences (P < 0.01) after 12 hours of incubation based on the result of the LSD test
(Table 5). The least emitted ammonia was shown at the acid medium with 116.92 ±
8.34 ppm after 96 hours of incubation; followed by a neutral medium with 298.91 ±
23.78 ppm; control medium with 394.11 ± 114.20 ppm and the highest total ammonia
emission was on base medium with 437.34 ± 104.77 ppm after 96 hours of incubation.
The results of this study also showed the strain abilities to suppress ammonia emission on
a wide range of pH condition. The statistical analysis of total ammonia emission
(Table 5) also revealed that the control medium began to emit higher ammonia other
media after 24 hours of incubation, indicates that the addition of Alcaligenes sp.LS2T
inoculum addition would show ammonia suppression after 24 hours of incubation. The
change of total ammonia emission and pH changes in manure medium with different
initial pH condition can be seen in Figure 4.
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Total ammonia emission (circle) and pH value (triangle) of Alcaligenes sp. LS2T on
manure media with different initial pH condition, (a) pH control (b) pH 5/acid medium,
(c) pH 7/neutral medium (d) pH 9/base medium

(a)

(b)

(c)

(d)

a
a

34.01 ± 2.45
d

0.00 ± 0.00

a

a

0.00 ± 0.00

Neutral

a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,p

Acid

Base

Note:

0.00 ± 0.00

0.00 ± 0.00

d

136.52 ± 63.60

g

b

58.97 ± 20.53

4.49 ± 0.44

a

84.15 ± 44.46

24-h
j

164.40 ± 99.85

h

c

73.99 ± 34.17

23.53 ± 2.17

a

o

164.25 ± 78.99

h

h

163.65 ± 38.94

44.26 ± 24.00

a

203.45 ± 93.42

48-h
m

211.48 ± 121.82

h

h

202.72 ± 83.76

55.85 ± 13.28

b

296.42 ± 94.92

60-h

Total ammonia emission (ppm)
306.25 ± 117.68

36-h

Different superscripts show a highly significant difference (P < 0.01).

82.24 ± 7.17

48.28 ± 26.46

0.00 ± 0.00

a

a

Control

12-h

a

0-h
l

i

242.55 ± 0,77

k

199.42 ± 31.44

76.43 ± 18.41

c

3,226.46 ± 132.36

72-h

o

k

298.91 ± 23.78o

116.92 ± 8.34f

394.11 ± 114.20p

96-h

262.82 ± 100.84 437.34 ± 104.77p

282.34 ± 39.14

n

94.57 ± 121.23

e

361.91 ± 69.46

84-h

Table 5

Media

Total ammonia and N2O emission characteristics

11

Total ammonia emission on manure media after inoculated by Alcaligenes sp. LS2T
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This study showed that differences in each initial pH condition of laying hen manure
showed no correlation to the initial ammonia emission. Furthermore, all media showed
the increase of pH on each measurement, reaching 8.76 on control medium; 8.2 on the
acid medium; and 8.7 on neutral medium, while base medium showed the least pH
increase which was reaching to 9.07 (Figure 4) after 96 hours.
The pH condition on each media also showed different changes. Control medium
showed the continuous pH increase from 0 hours to 48 hours of incubation, then
decreased during 60 to 72 hours of incubation, and bounced back until 96 hours of
incubation, while the highest pH was reached on 48 hours of incubation. The similar
trend also showed in the neutral medium.
However, acid medium showed continuous pH increase until reached its highest pH
at 8.19 after 68 hours of incubation, then went down after 72 hours and 84 hours of
incubation, but went back to 8.19 after 96 hours of incubation. Moreover, base medium
showed a different trend than other media, which fell from the initial pH value and
continuously losing its pH until 36 hours of incubation, then bounced back and reached
9.06 after 96 hours of incubation. Other experiments also showed that higher initial pH
value in ammonia solution led to an increase in ammonia removal rates as well (Katehis
et al., 1998).
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Discussion

Research on nitrogen removal in waste products through microbial approach has been
continuously performed, whether it is for domestic/municipal wastewater treatment
(Zhou et al., 2016) or industrial wastewater treatment (Zuo et al., 2017). Since then,
enormous amounts of microbial strains have been isolated from various environments
and then observed on its unique characteristics. The understanding of the bacterial
characteristics will provide information on its potential for field application, noting that
factors such as dissolved oxygen concentration (Patureau et al., 2000), carbon and
nitrogen (C/N) load ratio (Huang and Tseng, 2001; Kim et al., 2008), temperature (Joo
et al., 2005; Lukow and Diekmann, 1997; Robertson and Kuenen, 1988), pH (Čuhel et
al., 2010; Čuhel and Šimek, 2011), salinity (Ji et al., 2018) and other substances like
mineral (Kiskira et al., 2017; Pan et al., 2018) were known to affect the nitrogen removal.
In addition, among various factors which affect the bacterial capabilities to remove
nitrogen load, the C/N ratio has drawn the attention as it directly affects the bacterial
community and nitrogen removal as well (Heylen et al., 2006; Joo et al., 2005). It is also
added by the varying C/N ratio condition in the environment, which can be as low as 2.8
(Li, 2016) or even up to 21 (Chiumenti, 2015), and both would require different treatment
for efficient nitrogen load removal.
In this study, we observe the total ammonia removal characteristics of Alcaligenes sp.
LS2T and the emitted N2O through the process by adding the bacteria inoculum into the
synthetic media and determine the total ammonia concentration and N2O over 96 hours of
incubation. Furthermore, its capabilities to suppress ammonia emission were also
observed on the hen manure associated with different pH conditions. The synthetic media
were divided into acetate and citrate medium based on the respective carbon source in the
medium, and each further divided into four groups of different C/N ratio (7, 14, 21 and
28) in order to better understand the effect of different carbon sources and C/N ratios to
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the bacteria performance in removing nitrogen, while the manure media were divided
into acid, neutral, and base condition.
The different C/N ratio of synthetic media was prompted from the varying C/N ratio
of poultry waste, which ranged from 5.8 to 14.7 (Silva et al., 2009) depending to the
other organic matters in the mixture like straw or sawdust. However, a wider observation
of the C/N ratio would further elucidate the strain potentials to remove nitrogen in
various wastewater C/N ratio condition. Another research which has observed the
bacterial nitrogen removal in the media with C/N ratio up to 28 was done by Liu et al.
(2015) on the heterotrophic nitrification and aerobic denitrification of Alcaligenes
faecalis C16. In addition, different carbon sources are also known to affect bacterial
nitrification and denitrification performance. Research by Joo et al. (2005), showed that
different carbon sources affect the nitrification and denitrification of the bacteria, in
which, their study showed that glucose, sucrose, fructose, and methanol as a carbon
source in the medium was not utilised by the heterotrophic nitrifier-aerobic denitrifier
Alcaligenes faecalis no. 4, and the nitrogen removal only occurred when acetate or citrate
was used as the carbon source. Moreover, research by Liu et al. (2015) reported that
citrate was more preferred by Alcaligenes faecalis C16 over acetate as carbon source in
terms of the cell growth, in which will affect the strain to perform heterotrophic
nitrification and aerobic denitrification, allegedly caused by the different carbon’s affinity
to be directly involved in citric acid cycle.
Our previous study on Alcaligenes sp. LS2T (Azkarahman et al., 2017) showed the
strain ability to utilise ammonium as a nitrogen source for the metabolism which
produced nitrite and nitrate through the process. In this study, we further analyse its total
ammonia concentration and N2O emission as it showed a potential application for
nitrogen removal from poultry waste. The decreasing total ammonia concentration in this
research described the strain characteristics in performing heterotrophic nitrification.
Moreover, the reduction in total ammonia concentration and N2O gas emission on the
acetate and citrate media indicate the strain ability to perform aerobic denitrification
process. Allen (2009) and Prosser (2005) stated that the oxidation of NH3 or NH 4 into
nitrite (NO 2 ) and nitrate (NO3 ) could further undergone denitrification process which
produced nitrogen gasses like N2O or N2. Other studies on Alcaligenes spp. also showed
the strain ability to perform heterotrophic nitrification and aerobic denitrification
simultaneously (Joo et al., 2005; Liu et al., 2015; Zhao et al., 2012).
From the results, it can be seen that Alcaligenes sp. LS2T was able to perform aerobic
nitrification and denitrification in the media even at the C/N ratio as high as 28. Research
by Akunna et al. (1993), Ramakrishnan and Gupta (2008) showed that the carbon
availability and C/N ratio in the medium could affect the denitrification process, in which
will affect the nitrate reduction pathway and resulted in different denitrifying
performance. Research done by Joo et al. (2005) showed that the heterotrophic
nitrification and aerobic denitrification of Alcaligenes faecalis No. 4 was optimum at the
medium with C/N ratio 10. The capability of Alcaligenes sp. LS2T strain to thrive and
remove nitrogen content in C/N 28 medium thus propose its possibility for nitrogen
removal treatment in high C/N ratio wastewater. The overall total ammonia concentration
in this study was lower at the acetate medium over citrate medium, while the lowest
ammonia concentration was achieved in acetate C/N 28 medium (±82.5% of total
ammonia removed). A similar condition was seen in another heterotrophic
nitrifier-aerobic denitrifier, Alcaligenes faecalis C16, which showed higher total nitrogen
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removal in acetate medium over citrate medium, in which the highest nitrogen removal
was achieved in acetate C/N14 medium followed by C/N 28 even though C16 showed
higher total nitrogen removal capabilities (Liu et al., 2015). However, a different
condition was shown by Alcaligenes faecalis No.4, as the strain preferred acetate as the
carbon source and completely removed the ammonium at C/N 10 and 20 (Joo et al.,
2005). Moreover, the Alcaligenes faecalis No.4 could not remove the ammonium content
completely in C/N 5 medium, both in acetate and citrate as a carbon source. The
condition combined with C16 and this study were thus in accordance to Heylen et al.
(2006) which showed that the optimum nitrogen removal by denitrifying bacteria will be
favourable for treating high C/N wastewater up to 25.
It is well known that the quantification of bacteria would further elucidate the
bacterial condition during the whole nitrification and denitrification process, yet, due to
limitations, the Alcaligenes sp.LS2T density during 96 hours of incubation was not
measured except for the initial addition, which was 1.35 × 107 CFU/ml. However, in our
previous study, the growth phase of Alcaligenes sp.LS2T in similar synthetic media was
observed. The OD600 measurement showed that the strain is known to reach the
stationary phase after 21 and 18 hours incubation in acetate and citrate medium
respectively (Azkarahman et al., 2017). An in situ observation of aerobic denitrifiers’
density measurement was done by Zhou et al. (2019) and showed that the aerobic
denitrifiers in Zhoucun reservoir were increased from 0.71 ± 0.22 × 102 CFU/ml to 8.64 ±
2.08 × 103 CFU/ml along with total nitrogen removal. In addition, research by Pastawan
et al. (2017) also showed a similar result, in which a consortium of Pseudomonas
sp. LS3K, Candida sp. LS3T, and Arthrobacter sp. LM1KK was increased over time
along with ammonia reduction for 96-hours incubation. Moreover, research by Foglar et
al. (2005) showed that the bacterial biomass from activated sludges was increased along
with nitrate removal, increased from 1.8 × 109 to 2.1 × 109 after 3 hours of denitrification
in the synthetic media. Based on previous observation and other research on denitrifiers
bacteria density, the Alcaligenes sp.LS2T density in this study is also expected to be
increased along with the nitrogen removal in the media. Nevertheless, direct
measurement should be performed to confirm the assumption.
Nitrous oxide (N2O) is a nitrogen gas which could be produced whether by the
reduction of NO3- through unfinished denitrification process and slightly through
anaerobic ammonium oxidation (anammox) process. The production of N2O gas from
acetate and citrate media further describe the Alcaligenes sp. LS2T contribution to the
nitrogen cycle allegedly through aerobic denitrification process, as in our previous study
(Azkarahman et al., 2017) nitrite and nitrate were also produced. However, the possibility
of Alcaligenes sp. LS2T to produce N2O through anammox process is yet to be known.
The strain ability to perform denitrification under aerobic condition gave special notation
to the strain as denitrifying bacteria usually thrive in anoxic conditions, where nitrates
were used as electron acceptors during the respiratory process in the place of the oxygen
(Rossi et al., 2015). The effects of the C/N ratio on denitrification have been extensively
investigated in a wide range of ratios for different carbon sources (Dhamole et al., 2015;
Mohan et al., 2016a; Mohan et al., 2016b). In the process of denitrification, the nature of
the carbon source and its availability in terms of the C/N ratio impact both the nitrate
removal pathway and the carbon utilisation pattern, which resulted in different removal
performances (Akunna et al., 1993; Ramakrishnan and Gupta, 2008). However, the result
of this study showed that the C/N ratio gave no significant differences to the denitrifying
ability.
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Research by Joo et al. (2005) showed that about 5% of the removed ammonium in the
medium was denitrified into N2O gas. In this study, the least N2O emission was shown at
acetate C/N 21 medium which converted only 0.25% of the total nitrogen input into N2O
gas. The amount of N2O emission in this study is also lower compared to the aerobic
denitrification of Alcaligenes faecalis TUD, which converted 9% of used nitrogen into
N2O with 76% air saturation (Otte et al., 1996). Moreover, the denitrification process is
also known to be affected by the pH condition (Simek and Cooper, 2002). A study by Bai
et al. (2017) showed the denitrification rates were only significantly and negatively
correlated with soil pH (ranging from 7.06 to 9.11), implies that higher pH values (at
least higher than 8.59) could prohibit the denitrification processes. However, this study
showed that the aerobic denitrification ability from Alcaligenes sp. LS2T gave no
significant differences on the N2O production at every hour of measurement, even though
the pH value were increased along 96 hours of inoculation.
In this study, we also inoculate Alcaligenes sp. LS2T into manure with different
initial pH conditions to further determine strain ability when applied to reduce ammonia
emission from waste. The absence of manure sterilisation was aimed to understand the
direct strain inoculation to the manure with different pH value on the application level. A
lot of studies have been done to reduce the ammonia emission from animal waste like
piggery wastewater (Joo et al., 2006), poultry manure (Posmanik et al., 2014) or dairy
wastewater (Neerackal et al., 2016) by using microbial treatment. The 4-days
measurement used in this research was considered enough to reveal the possible
differences in ammonia emission. According to earlier studies, ammonia emission is at its
highest rate on the day of application and declines sharply in the following few days
(Yang et al., 2003). In addition, Meisinger et al. (2001) reported that losses of ammonia
through emission are very rapid during the first 6–12 hours, while Rostami et al. (2015)
stated that the 4-day estimations of the NH3 emission from animal wastes are enough
while estimation from chemical fertilisers will require longer time.
The low ammonia emission in acid medium allegedly caused by the combined effect
of strain capabilities, another biomass occurred in the manure and the pH condition. The
similar result also showed with Joo et al. (2005), Liu et al. (2015) and Zhao et al. (2012),
where less ammonia emission was shown on the neutral medium compared to the control
medium which has same pH condition. Ammonia is usually correlated with the N
availability and pH, which tend to have effects on both the bacteria and archaea.
Increasing soil pH positively affects ammonia oxidising bacteria (Nicol et al., 2008).
Research by Li (2000) showed that lower pH leads to a lower proportion of aqueous
ammonia and therefore decreases ammonia emission. Gay and Knowlton (2005)
described that the acid condition of media would yield lower ammonia concentration as
most of the component would be ionised into ammonium. Huijsmans et al. (2003)
reported similar results, in which the increase of pH could raise ammonia emission of 10
times.
On the ammonia removal from pig slurry, research by Bonmati and Flotats (2003)
also showed that the lower initial pH condition leads to higher ammonia removal. The
correlation of pH and ammonia emission showed a unique relationship as bacteria grow
better on the base pH condition, while acid condition could lower the emitted ammonia.
This study showed that the acid medium released significantly less ammonia emission
than any observed media, which indicates that lower pH yields less ammonia emission.
Furthermore, the neutral medium was able to release less ammonia emission compared to
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the control medium but, showed that the effect of ammonia oxidation by bacteria could
also be seen without initially acidify the media. However, the high total ammonia
emission in base medium showed the limitation for bacteria in suppressing ammonia.

5

Conclusions

In this research, Alcaligenes sp. LS2T showed its capabilities to remove nitrogen content
from the acetate and citrate media and showed that the least total ammonia concentration
was shown in acetate C/N 28 medium, contained 12.77 ± 2.61 ppm of total ammonia
concentration in the medium after 96 hours of incubation. The N2O emissions from the
acetate and citrate media also indicate the strain ability to perform aerobic denitrification.
However, no significant difference (P < 0.05) was found in N2O emission, while the
highest N2O emission (377.13 ± 20.11 ppb) was found in citrate medium with C/N ratio
14.
The inoculation of Alcaligenes sp. LS2T on laying hen manure with different initial
pH condition was also done to understand strain potential to suppress ammonia emission.
The inoculation was able to reduce the ammonia emission on acid to neutral pH
conditions. The reducing effect was also known to be highly correlated with the pH
condition. The acid medium showed the lowest ammonia emission, while the pH of the
medium also seen to increase continuously through the time of incubation.
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