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Introduction

One of Malaysia’s National Agro-food Policy, 2011−

2020 [1] goals is to ensure an adequate domestic supply

of egg and poultry. The poultry sector has become an

integral part of the livestock industry in Malaysia, how-

ever, the rapid development of the poultry industry

could become a great threat to the environment. Tonnes

of poultry manure produces daily have the potential haz-

ards to the environment and could have a detrimental

effect on health and safety of living creatures. Hydrogen

sulphide (H2S) is one of the main malodorous com-

pounds emits from a poultry farm which generates an

obnoxious odour smell like a rotten egg even at lower

concentration [2]. Apart from that, H2S also may cause

serious adverse effects on human and animals as well as

the environment due to its toxic characteristic [3].

Therefore, the removal of H2S is necessary. 

Several methods have been employed to overcome the

problem such as through physicochemical methods by

using odorant oxidising agents like ozone or permanga-

nate [4]. However, these methods required high invest-

ment, high capital cost and often led to secondary

pollution. Thus, the demand for a more economical and
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environmentally friendly method has led to an investiga-

tion into microbiological alternatives. In the microbiolog-

ical method, H2S is oxidised into a stable compound such

as sulphate as the major oxidation product [5] by sul-

phur oxidising bacteria (SOB). Most of the studied SOB

group is belong to Thiobacillus. This autotrophic micro-

organism is efficient in the utilised oxidation of sulphide,

sulphur, and thiosulphate for energy and growth [6].

Moreover, a number of heterotrophic microorganisms

have the capability to generate energy from the oxida-

tion of reduced sulphur compounds such as Limnobater

thiooxidans [7] and Bosea thiooxidans [8]. Besides that,

Pseudomonas sp. [9, 10] have also been recognised able

to oxidise H2S into a stable compound.

Recently, the microbiological alternative employing

microorganisms to solving the environmental pollution

problem has rapidly grown due to its effectiveness. How-

ever, the key point to ensure the effectiveness of the pro-

cess is to maintain the high biomass of bacterial

population [11]. Free microbial cells may expose to vari-

ous tremendous stress including survival, proliferation,

nutrition utilisation and competition with indigenous

microorganisms from the surrounding [12]. Thus, in

order to improve the survival of the microorganisms, the

cells must be immobilised. 

Immobilisation of bacterial cells can be defined as a

restriction of movement in a space or making it incapa-

ble of movement while preserving their viability and

retained their catalytic functions [13]. There is various

method and carriers have been discussed for cell immo-

bilisation including adsorption, covalent bonding, and

entrapment [14, 15]. Among these methods, the entrap-

ping immobilisation has been widely studied. The

method is based on capturing the microbial cells within

a matrix in which limit the cells to move only within a

support matrix and thus, prevents the cells from release

into surrounding medium while allowing the penetra-

tion of nutrients and metabolites. This method is very

simple, rapid and cost-effective, however, there are some

drawbacks including the cells leakage from the support

and diffusional problems between substrates and prod-

ucts depending on the type of porous carrier used [16].

Generally, there are various types of the carrier have

been used in cells immobilisation such as alginate, agar,

cellulose, carrageenan, gelatin, polyacrylamide, polyes-

ter, polystyrene, and polyurethane [17]. However, a good

carrier must meet certain criteria to ensure the effective-

ness of application such as non-toxic, high porosity, long

shelf life, and cheaper [18]. In this current study, algi-

nate was chosen as a carrier for cell immobilisation due

to its chemical stability, rapid method, simple and low-

cost immobilisation method [19]. Therefore, this study

was aimed to evaluate the H2S reduction performance in

chicken manure by using the potential SOB isolated

from hot spring immobilised on alginate.

Materials and Methods

Chicken manure sample preparation
Fresh solid non-litter chicken manure samples were

collected from Poultry Unit, Ladang 2, Universiti Putra

Malaysia, Malaysia (3° 2’ 0” North, 101° 43’ 0” East). The

chicken manure was randomly picked and placed into

the close plastic sample bag and then transported to the

laboratory. Afterwards, the manure was homogenised

and mixed well before the commencement of the experi-

ment.

Cultivation of microorganisms
The thiosulphate mineral medium (TSM) composition

is as followed (g/l): 1.5 g K2HPO4, 1.5 g KH2PO4, 0.4 g

NH4Cl, 0.8 g MgCl2·6H2O, 0.1 g CaCl2·2H2O, and 10 g

Na2S2O3·5H2O. The pH of the medium was adjusted

with 1 M NaOH or HCl to 8.0. The potential SOB iso-

lates of AH18, AH25 and AH28 which was isolated and

screened in our previous study [20] were cultivated in

TSM medium and incubated at 30℃ with 160 rpm of agi-

tation speed until the medium turned turbid. The

growth was followed by measuring the turbidity at

660 nm using a spectrophotometer and when the initial

OD reaches 0.5−0.8, the cultures were ready to use as

inoculums by transferring into another broth medium. 

Molecular identification of the potential SOB isolates
The three potential SOB isolates were identified based

on the 16S rRNA gene analysis. The bacteria were

grown in 15 ml TSM broth at 30℃ for 24 h. The genomic

DNA of each culture was extracted using PureLink®

Genomic DNA Kits Invitrogen™ (Thermo Fisher Sci-

entific, USA). The DNA of SOB isolates was obtained for

amplification and sequencing of the 16S rRNA gene. The

PCR mixture contained 17.9 µl dH2O, 2.5 µl 10x PCR
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buffer, 1.0 µl MgCl2, 0.5 µl dNTPs, 1.0 µl of each univer-

sal primers, 0.1 µl PlatinumTaq polymerase and 1.0 µl

DNA template, resulting in 25 µl of reaction. The 16S

rRNA gene from the genomic DNA was amplified

directly with primer pair 27F/1492R (27F: 5' AGA GTT

TGA TCM TGG CTC AG 3'; 1492R: 5' TAC GGY TAC

CTT GTT ACG ACT T 3') [21]. The amplification was

carried out as follows: one cycle at 95℃ for 3 min, fol-

lowed by 35 cycles at 95℃ for 30 sec, 55℃ for 25 sec,

72℃ for 2 min and a final extension step at 72℃ for

10 min. The reaction product was analyzed using aga-

rose gel electrophoresis and the PCR product was sent to

a commercial sequencing company (First BASE Labora-

tories Pte Ltd., Malaysia) for purification and sequenc-

ing. The forward and reverse sequences obtained were

combined by using BioEdit Sequence Alignment Editor

7.1.9 to get the full-length sequence. Afterwards, the full

sequences in FASTA form were compared by using Basic

Local Alignment Search Tool (BLASTn) in the National

Centre for Biotechnology Information (NCBI) website

(http://www.ncbi.nih.gov) to search for a similar sequence

in the GenBank. Sequences and their closet relatives

were retrieved from the database and were aligned with

ClustalW and a phylogenetic tree was constructed with

Neighbour-Joining method [22] by using Mega 7 soft-

ware. Evolutionary distances of nucleotide sequences

were computed using the Jukes-Cantor model [23] (boot-

strap values: 1000 re-sampling).

Cell harvesting for immobilisation
The potential SOB isolates were grown separately in

500 ml TSM liquid media (pH 8.0). However, for this

study 0.1% (w/v) of yeast extract was amended in the

medium to increase the amount of cell biomass. The bac-

terial culture was incubated aerobically at 30℃ with

160 rpm agitation until the initial OD reaches 0.8 (sta-

tionary phase). The bacterial cultures of SOB were then

harvested by centrifugation at 7500 g for 10 min at 4℃

and then the harvested cells were washed twice with

25 mM phosphate buffer at pH 7.4. 

Number of bacteria 
The colony forming units (CFU) of each of the SOB iso-

lates was performed before the cells harvesting proce-

dure in order to estimate the density of cells in alginate

beads for the immobilisation process. About 1 ml of

broth was discarded from the culture flask (stationary

phase) and was serially diluted (10-1 to 10-9). Afterwards,

0.1 ml of each serial dilution media was transferred and

was aseptically inoculated (spread plate method) onto

sterilised TSM agar which was prepared with the addi-

tion of 0.1% (w/v) yeast extract. The agar was then incu-

bated aerobically at 30℃ until the colony viable observed

and the number of viable colonies was counted.

Cellular immobilisation in alginate beads
The cell immobilisation process was following the pro-

tocol describes by Yaňez-Ocampo et al. [24]. The har-

vested cell pellet of each of the potential SOB isolates

(108 cells per ml) were immersed in 100 ml of sterilised

4% Na-alginate solution and then mixed thoroughly

with a vortex mixer to form a homogenous paste of cells.

Afterwards, the Na-alginate containing cells were

dropped into a 0.1 M CaCl2 solution by using 20 ml

needleless syringe and 2−3 mm diameter of immobilised

beads were formed immediately (Fig. 1). The beads were

incubated in the CaCl2 for 1 h at room temperature

(28 ± 2℃). Furthermore, a mixture of SOB isolates was

mixed together by mixing equal proportions of the har-

vested cell (108 cells per ml of each SOB isolates) to form

a group of bacteria. Additionally, the same procedure

was followed for the control (beads without bacteria).

Biological deodorisation experiments
The laboratory scale experiments were conducted in a

500 ml Erlenmeyer flask as presented in Fig. 2. Each

flask was closed with a rubber stopper and a small hole

at the top was equipped with a tube to facilitate gas

measurement. Two replicates of each treatment were

prepared and approximately 100 g of chicken manure

Fig. 1. Photograph of alginate beads used as a carrier for
cell immobilisation of the potential SOB isolates. 
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was placed in each flask. About 50 g of alginate beads

containing the microorganisms were applied on the sur-

face of the manure by pouring and then the flask was

tightly closed. The valve of the adjacent tube was open

and headspace air was sampled by pulling the syringe

up and the valve was closed and allowed the gas flow to

the gas detector by pushing the syringe down. The sam-

pling was done at 0 h and was again recorded every 24 h

for 7 days consecutively. The concentration of H2S gas

was determined by Tango X1 (Industrial Scientific,

USA) portable gas detector which can detect H2S gas

within the range of 0−200 ppm with 0.1 ppm increments.

The H2S concentration for each treatment was recorded

and plotted against the incubation time and the reduc-

tion rate of H2S was calculated. In order to evaluate the

ability of the potential SOB isolates and the SOB mixed

cultures carried on alginate, the following treatments

were prepared (Table 1):

Calculation of H2S reduction
The decrease of the H2S concentration was calculated

as the reduction R (%) according to the following formula:

R = 100% − (C7 × 100% / C0)

Where C7 is the concentration of H2S in the sample

collected from headspace after 7 days of deodorisation

with treatment, C0 is the concentration of H2S in the

sample collected from headspace at the beginning of

deodorisation process. All mathematical calculations

were made using Microsoft Excel 2007 and the graph

was generated using GraphPad Prism 7.04 software.

Statistical analysis
All data were analysed using one-way ANOVA of Sta-

tistical Analysis System Package (SAS) Version 9.4 soft-

ware. Duncan’s Multiple Range Test was performed to

determine differences between the mean of treatments.

P value was set at 0.05. 

Results

Identification of potential SOB isolates using 16S rRNA
gene analysis

In this study, three potential SOB isolates have been

selected from our previous study due to their efficiency

in the oxidation of reduced sulphur compound and their

ability to survive in various environmental factors

including metabolic flexibility, pH and temperature [20].

The genomic DNA of potential SOB isolates was success-

fully extracted and was then subjected to PCR amplifica-

tion using the universal primers 27F and 1492R. The gel

electrophoresis of 16S rRNA gene obtained in this study

give an intact band of 1500 bp DNA fragment, indicating

that the 16S rRNA was successfully amplified. BLASTn

search of these 16S rRNA gene sequences indicated that

the three potential SOB isolates belonged to phylogenet-

ically different groups as shown in generated phyloge-

netic tree (Fig. 3), whereas, SOB isolate AH18 is closely

related to a member of the genus Pseudomonas (Fig. 3A)

with the highest 95% similarity to Pseudomonas stutzeri

strain Gr50. Meanwhile, for SOB isolates AH25 and

AH28 were both closely related to the genus Achromo-

bacter (Fig. 3B) with the highest 92% and 93% similarity

to Achromobacter marplatensis strain RY27, respec-

tively. 

Fig. 2. Schematic diagram of experimental equipment for
the evaluation of potential SOB isolates in biological
deodorisation of H2S in chicken manure.  

Table 1. Treatments for H2S biological deodorisation by the
immobilised potential SOB isolates and SOB mixed culture.

Treatment Alginate bead

Control CM + Empty alginate

A1-AH18 CM + Alginate + AH18

A2-AH25 CM + Alginate + AH25

A3-AH28 CM + Alginate + AH28

A4-Mixed CM + Alginate + SOB mixed cultures

CM = chicken manure.
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Reduction of H2S by the potential SOB isolates and the
mixed cultures carried on alginate

Based on the results obtained (Fig. 4A), the H2S emis-

sion from the chicken manure in the control treatment

was observed initially increased at day 0 and then fluc-

tuated around that level. Meanwhile, the other four

treatments in this study showed a reduction of H2S con-

centration throughout the 7 days of the biological deodo-

risation process. Fig. 4B shows the percentage of H2S

reduction rate for all the treatments. Based on the

results, the control treatment showed a 16.7% reduction

of H2S concentration after 7 days. Moreover, the use of

Fig. 3. Phylogenetic tree derived from 16S rRNA sequence data of potential SOB isolates and other closely related species.
The evolutionary history was inferred using Neighbour-Joining method. (A) Isolate AH18. The analysis involved 10 nucleotide
sequences. (B) Isolate AH25 and AH28. The analysis involved 10 nucleotide sequences. Bootstrap values (expressed as percentages
of 1000 replications) are shown next to the branches. All positions containing gaps and missing data were eliminated. The tree was
rooted with E. coli ATCC25922.  

Fig. 4. (A) H2S concentration from chicken manure during biological deodorisation process, (B) H2S concentration reduction
from chicken manure after 7 days of biological deodorisation. Each point represents the mean of duplicate ± SE. a,b,c,ddifferent
letters indicate the values are significantly different between the treatment groups.   
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SOB pure culture and mixed culture carried on alginate

was able to reduce H2S concentration in the range of

54.2−81.9%. According to the results obtained (Fig. 4B),

A4-Mixed treatment showed a higher reduction rate

(p < 0.05) when compared to the other treatment groups

(control, A1-AH18, A2-AH25, and A3-AH28) which effec-

tively reduced 81.9% of H2S and then followed by A1-

AH18 treatment with 74.7%. Meanwhile, there is no sig-

nificant difference (p > 0.05) between treatment A2-

AH25 and A3-AH28 which have recorded a 54.2% and

60.8% of reduction rate, respectively. In term of SOB

pure culture performances, isolate AH18 (p < 0.05) was

observed to be the most effective in reducing the H2S

compared to isolate AH25 and AH28 (p > 0.05). How-

ever, the reduction performance was observed enhanced

when the SOB pure culture was mixed together as a con-

sortium (p < 0.05).

Discussion

Microbiological approaches employing sulphur oxidis-

ing bacteria (SOB) for the biological deodorisation of H2S

have gained much attention in this recent years as the

promising alternatives to conventional physicochemical

methods. Three potential SOB isolates which were coded

as AH18, AH25 and AH28 have been isolated from hot

spring water in Malaysia [20] which have remarkable

potentials for the application of biological deodorisation

of H2S. The three SOB isolates were immobilised in algi-

nate bead to investigate the reduction performances of

H2S in chicken manure. In this present study, the

released of H2S from the chicken manure was observed

immediately occurred right after the flask was closed

which can be confirmed by the increases of the initial

H2S concentration recorded at day 0 (Fig. 4A). Gener-

ally, chicken manure consists of a mixture of urine and

faeces which contains undigested nutrient including

nitrogen, phosphorus, potassium and protein [25]. The

undigested protein and sulphur containing amino acids

such as methionine and cysteine were then decomposed

and metabolised by sulphur reducing bacteria (SRB)

anaerobically and aerobically condition in chicken manure

which resulted in the released of H2S gas [26]. 

The application of potential SOB isolates carried on

alginate was observed active in reducing the H2S in the

flasks within 24 h after the application of treatments

without a lag time. This may attribute to the fact that,

the SOB isolates has been harvested at the stationary

phase for cell immobilisation. During this phase, cells

switch to a survival mode of metabolism and undergone

a series of physiological changes including enabling the

cells to rapidly adapt to stress and new condition [27].

Furthermore, it can be explained that when the H2S gas

penetrating the bead, it was immediately oxidised by the

starving SOB cells. This phenomenon can be seen in

Fig. 4A, where the H2S gas is drastically decreased from

day 0 to 1 compared to the control treatment. This obser-

vation was similar in Honma and Akino [28] works

which reported the removal of H2S by the Pseudomonas

sp. is rapidly occurred without a lag time. However, in

this study, a reduction of H2S concentration was also

observed occurs in the control treatment without the

presence of SOB isolates and this could be explained by

the spontaneous oxidation of H2S gas and the inhibition

of SRB which in turn prevents the production of H2S.

Furthermore, a similar observation was reported from

several studies which had found the reductions of H2S

were affected with time in livestock manure [29, 30]. 

It was ascertained from this present study that poten-

tial SOB isolate AH18 has significantly effective in

reducing the H2S compared to the other pure SOB iso-

lates. From the phylogenetic analysis study, isolate

AH18 was identified closely related to the member of the

genus Pseudomonas. The Pseudomonas sp. is widely dis-

tributed in the environment which occupying various

ecological niches. Additionally, it has been studied for its

ability to metabolise H2S effectively [9, 28, 31]. Chung

et al. [10] reported that P. putida CH11 which was iso-

lated from livestock farming wastewater was effectively

removed H2S gas up to 96% in the biofilter treatment of

H2S containing gas. Beside H2S, the genus Pseudomo-

nas is widely known in their ability to degrade other

environmental contaminants including polyaromatic

hydrocarbons (PAHs) [32], removal of arsenite [33] and

phenol [34] from the environment. Thus, this is evident

that Pseudomonas sp. is a well-studied microorganism

in the biodegradation and bioremediation of environ-

ment pollutant. Additionally, the potential SOB isolate

AH18 in this study was reported to have highest 95%

similarity with Pseudomonas stutzeri strain Gr50. It has

been reported that P. stutzeri species are involved in

environmentally important metabolic activities and is
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one of the known species which able to perform autotro-

phic oxidation of sulphur compounds coupled to the

reduction of nitrogen compounds [35]. Mahmood et al.

[35] isolated P. stutzeri QZ1 from anoxic sulphide-oxidis-

ing bioreactor which reported to actively involved in the

oxidation of sulphide in wastewater. Moreover, Singh et

al. [34] reported in their study that, P. stutzeri have the

ability to degrade toxic materials including phenol and

cyanide. 

Meanwhile, the potential SOB isolate of AH25 and

AH28, both were identified closely related to the genus

Achromobacter. Previous studied by Graff and Stubner

[36] had reported Achromobacter sp. was able to oxidise

elemental sulphur and thiosulphate and produced sul-

phate as an end product of the oxidation process. How-

ever, to date, no study has reported the capability of

Achromobacter sp. in the oxidation of H2S and in this

present study, it was the first time Achromobacter sp.

involved in the biological deodorisation of H2S in chicken

manure. However, several studies had discovered Achro-

mobacter sp. was found to have the capability of degrad-

ing other environmental contaminants including the

degradation of aromatic hydrocarbons [37] and the bio-

degradation of catechol [38]. 

During the biological deodorisation experiment, a syn-

ergistic effect was observed when the three isolates were

mixed as bacterial consortia (A4-Mixed) in which, the

reduction rate of H2S was significantly higher (p < 0.05)

compared to the pure culture treatments (A1-AH18, A2-

AH25, A3-AH28). A possible explanation employing

mixed culture more efficient than a pure culture is it

could be due to the multiple metabolic capacities among

the SOB in removing the toxic compounds. Similar

results have been obtained in Gutarowska et al. [39] and

Matusiak et al. [40] studied on the removal of odorant

compounds from poultry manure by using a mixed cul-

ture of bacteria immobilised on perlite-bentonite which

able to reduce 17.5% and 78% of H2S, respectively. More-

over, it is may also due to the cell density in the mixed

culture which was prepared by adding an equal amount

of each harvested pure culture cells (108 cells per ml)

and then mixing the three SOB cells together for immo-

bilisation process which attributed to higher cell density

trapped in alginate bead compared to the pure culture.

However, the reduction rates of H2S by SOB mixed cul-

tures apparently did not increase 3 fold higher as the

upsurge of the cells. It can be postulated that besides the

synergetic effects between the SOB, these bacteria also

competing for the same energy source (H2S). This could

have resulted in the growth restriction of other SOB

cells which in turn led to the slight reduction of H2S oxi-

dation activity. In this regards, it is interesting to note

that, mixed culture has remarkable potentials to be used

in the biological deodorisation process due to the differ-

ent bacteria have different mechanisms and metabolic

activity. Liu et al. [41] have demonstrated a removal

treatment of phenol employing the pure culture of

Acinetobacter sp. XA05 and Sphingomonas sp. FG03

and also the mixed cultures of both strains. The results

showed the efficiency of phenol degradation by mixed

cultures is better than pure culture and they suggested

that the different enzyme and metabolic activity among

the bacteria have influenced the removal efficiency.

Therefore, from this study, it can be elucidated that the

reduction rate of H2S is influenced by the cell density of

SOB trapped in the carrier and suggested that the per-

formance of pure culture can be enhanced by increasing

the number of cells. Furthermore, mixed culture treat-

ment was preferred due to its diversity in the oxidation

mechanisms and physicochemical properties [20]. 

The biological deodorisation of H2S in chicken manure

was assessed by using alginate as the carrier. Alginate is

one of the most frequently used carriers for cell immobil-

isation owing to its several advantages including cost-

effective, simple one-step method, and eco-friendly

which is non-toxic to human and environment [19]. The

use of alginate bead could entrap high bacterial cells

inside the bead in which contributed to higher cell den-

sity which played the main role in the degradation of

H2S since the high-density cell could trap high H2S as

their electron donors and as the consequence resulted in

the higher H2S removal. Furthermore, the effective use

of alginate as the carrier is possibly due to its material

which could act as a shelter to protect the bacterial cells

against loss of cell viability and toxicity from the envi-

ronment [42]. Liu et al. [42] reported that Leucobacter

sp. JW-1 immobilised on polyvinyl alcohol-sodium algi-

nate (PVA-SA) had better adaptability and tolerance to

environmental stress factor than free cells application to

biodegrade prometryn in wastewater. Several studies

have been conducted in biological deodorisation of H2S

by using SOB carried on alginate. In Chung et al. [43]
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studies, Thiobacillus thioparus CH11 was immobilised

in Ca-alginate could remove H2S effectively up to 98%

reduction rate. Similar to Park et al. [44] works where

Thiobacillus sp. IW was encapsulated inside the Ca-algi-

nate could remove H2S completely up to 600 ppm in the

inlet stream. Additionally, alginate has been used exten-

sively for other bioremediation and biodegradation of

numerous toxic pollutant including catechol [38] and

organophosphate pesticides [24]. In conclusion, the pres-

ent study showed the feasibility of using active SOB

immobilised in alginate beads for the removal of H2S in

chicken manure. The most active isolate in the reduction

of H2S turned out to be isolate AH18 compared to isolate

AH25 and AH28. However, the deodorisation ability was

enhanced when the three isolates were mixed together

as a consortium. Additionally, the use of alginate as a

carrier for the cell immobilisation was found to enhanc-

ing the performance of the potential SOB isolates. 
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