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ABSTRACT
In this study, functional strains from the natural environment such as ferment-

ed pig manure were isolated and identified by preliminary screening and re-
screening. Among them, strains such as Bacillus subtilis, Bacillus pumilus,

Brevibacillus laterosporus, and Proteus mirabilis had a particularly strong
ability to inhibit the release of ammonia gas. Through many repeated trials,
we confirmed that this bacterial agent could adapt to environments containing
water and grow normally. A deodorant was developed and tested on pig farm
sewage. Further, the appropriate dosage of the composite microorganism bac-
terial agent and the change in various indices of the sewage with treatment
time were verified.

Keywords: Composite microorganism; Deodorant efficacy; Ddeodorizing bac-

terial strain; Indicators
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1. INTRODUCTION

With the development of large-scale agriculture,
malodorous gases produced from livestock manure
have not been effectively utilized, and environmen-
tal pollution has become an increasingly serious is-
sue (Zhao, 2006). Microbial technology has ad-
vantages of low energy consumption, low cost, sim-
ple operation, long duration, and no secondary pollu-
tion, and it has become the most promising technolo-
gy for treatment of wastewater from pig farms (Wan
et al., 2012). By adding an exogenous bacterial pop-
ulation, using the biochemical reaction of microbial-
secreting functional enzymes, macromolecular or-
ganic matter in the sewage can be degraded into
small molecular substances, which absorb these sub-
stances and convert them into energy for their own
biological activities, thereby effectively improving
the degradation rate of organic pollutants in sewage
(Luo et al., 2017).

The composition of sewage pollutants from pig
farms is generally complex, and it is difficult to
completely remove all pollutants using a single bac-
terial strain. Instead, it requires a variety of microor-
ganisms that can together achieve complete degrada-
tion of different pollutants (He et al., 2007). Since
multiple degrading enzymes are simultaneously re-
quired to remove refractory compounds in pollu-
tants, and the activity of various enzymes secreted
by a single strain is not high, it is possible to use
multiple microorganisms that provide different en-
zymes to achieve complete degradation of pollutants
(Tian et al., 2011; Bai et al., 2017). In short, by stud-
ying the appropriate ratio between different bacterial
strains, a composite microorganism bacterial agent
can be constructed and combined with microbial
populations suitable for different polluted environ-
ments, which can degrade different sewage types
and be tightly controlled. This is an active topic of
research in the development of composite microor-
ganism bacterial agents (Li et al., 2006; Zhao, 2018).

In this study, indigenous deodorant microorganisms
were screened from decaying soil and optimized to
construct a deodorant, which was tested on pig farm
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sewage. Its effects on COD, BODs, TP, TN, and SS
of agricultural sewage were studied to provide a ba-
sis for utilization of agricultural manure as a re-
source.

2. MATERIALS AND METHODS

2.1 Experimental materials

The pig farm sewage used for experiments was col-
lected from the farms of Famous Animal Husbandry
Co., Ltd., Gongzhuling, China.

2.2 Isolation of bacterial strains

Briefly, 10 g of sample was collected from the envi-
ronment of decaying soil near composting pig ma-
nure, placed in 0.9% normal saline, and agitated for
30 min. After sedimentation, the supernatant was
collected and plated on LB basal culture medium
using the plate streaking method. Single bacterial
colonies were cultured and screened at a constant
temperature of 30°C, and functional bacterial strains
were selected through repeated screening.

2.3 Culture medium preparation

Isolation of bacterial basal culture medium, fungal
culture medium, actinomycete culture medium, and
acid-producing bacterial medium were prepared as
previously described (Zhou, 2007). Isolation of
phosphate-solubilizing microorganism culture medi-
um was as previously described (Jin et al, 2011).
NHj; selective culture medium was prepared as pre-
viously described (Zhang, 2016).

2.4 Bacterial strain growth curve determination
The growth curve of the bacterial cell culture solu-
tion was determined using the biomass when the
ODgoonm Was greater than 1.2, as previously de-
scribed (Gao et al, 2016). The total number of bacte-
ria was determined by plate counting, and the num-
ber of bacteria (cfu/mL) was observed and recorded
daily.

2.5 Preparation of bacterial suspension

Single bacterial colonies were selected from slant
culture test tubes, inoculated in LB liquid culture
medium, activated overnight at 28°C and 150 rpm,
and centrifuged (8000 rpm, 5 min) to collect cells.
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The supernatant was discarded, and the cells were
washed twice with sterile PBS and resuspended into
a bacterial suspension with an ODggonm of approxi-
mately 1.2, which corresponded to a bacterial con-
centration of approximately 2.4 x 10® cfu/mL. Un-
less otherwise specified, the seeding suspensions of
all strains in the following experiments were pre-
pared according to this method.

2.6 Preliminary screening of NH; bacterial strains
NH; selective liquid culture medium was placed into
a triangular flask (10 mL each) on a sterile bench.
Further, 10 pL. of ammonia solution was added to
each flask and mixed. The bacterial strains were add-
ed, and the flasks were capped, sealed with film, and
secured to a constant temperature shaker for 3 days
of culture at 30°C and 180 rpm, during which the
turbidity of the bacterial suspension was observed.
Bacterial suspensions containing bacteria that could
directly utilize NH; became turbid, and bacterial sus-
pensions that could not utilize NH; remained translu-
cent and clear (Zhang, 2016).

2.7 Homology comparisons of 16S rRNA from
isolated bacterial strains
Single bacterial strains were identified using 16S
rRNA gene sequences, and data were provided by
Shanghai Sangon Biotech.

2.8 Deodorant demonstration protocol

The demonstration was performed using the con-
structed deodorant bacterial agent and pig farm sew-
age.

2.8.1 Experimental device

The demonstration was performed using five sets of
2.1 m x 0.9 m x 0.5 m medium thickened plastic
demonstration tanks with a total volume of 0.945 m”.
The experimental conditions were verified to be sim-
ilar to actual water conditions. One set was used as a
control experiment, and the setup contained one air
pump and five sets of demonstration tanks.

2.8.2 Experimental site
Famous Animal Husbandry Co., Ltd., Gongzhuling,
Jilin, China was selected as the test site.
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2.8.3 Experimental protocol

For the five sets of treatment group experimental
equipment, about 1750 L of pig farm sewage was
added separately after solid-liquid separation, and
the tests were performed in two batches. In the first
batch of tests, different concentrations of bacterial
agents (0, 10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L)
were added to remove organic pollutants. In the sec-
ond batch of experiments, the effects of changing the
number of days of fermentation after adding bacteria
from 0 days (T,), 15 days (T,), 20 days (T3), 25 days
(T4), and 30 days (Ts) were analyzed. The demon-
stration was divided into ten additions of bacteria,
the amount of bacteria per addition was 30 mg/L per
1 L of sewage diluted to 30 kg of groundwater, and
bacteria were added once every 3 days. The demon-
stration was completed in 30 days.

2.9 Determination of pollutant indices

The tests of COD, BODs, TN, TP, SS, NHj3, and oth-
er tests were provided by Changchun Yingbang
Testing Co., Ltd.

3. RESULTS AND DISCUSSION

3.1 Isolation of bacterial strains

Pure colonies were isolated and screened from the
decay environment samples. Bacterial strains with
good cell growth were selected based on their effica-
cy to remove ammonia. Re-selection was performed
on the preliminarily screened strains based on am-
monia as an index. The bacterial strains differed in
ammonia released. Of which, the strains named
Linl11, Yu2l, Ke22, and J23 exhibited the most
significant inhibition of ammonia release (Fig.1) and
good cell growth potential (Fig. 2). The results in
Fig. 1 show that the Lin111 strain had the smallest
amount of ammonia released after 15 days of treat-
ment, at 134 mg/L, and the ammonia released after
20 days of treatment was 141 mg/L, indicating that
after 15 days, the release of ammonia gas had nearly
reached a stable state after 15 days. The four strains
in order of increasing amount of ammonia gas re-
leased were Linl11, Yu21, J23, and Ke22.
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Through the preliminary screening, a large number of bacterial strains that did not meet requirements
were eliminated, and the remaining strains produced clear zones of inhibition on the culture medium.
The four strains Linl11, Yu21, Ke22, and J23 were cultured at 30°C, and changes in the zone of inhi-
bition were observed according to the properties of the different enzymes secreted by the strains on
different culture media. The Lin111 strain could dissolve phosphate and polyphosphate on culture me-
dium containing calcium phosphate (Fig.3-A). Fig. 3-B, 3-C, and 3-D show single colonies of the
strains produced on LB medium. Based on these single colony characteristics exhibited on the medi-
um, the strains were identified using 16S rRNA.

Fig. 3 Zones of inhibition of four bacterial strains on different culture media. A: Linl11;
B: Yu21; C: Ke22; D: J23

3.2 Identification of bacterial strains

The 16S rRNA sequences of the four strains were aligned with those of bacterial strains already reg-
istered in GenBank, and a phylogenetic tree was constructed (Fig. 4). The Lin111 strain had 95% ho-
mology with the DQ371289.2 strain of Brevibacillus laterosporus, the Yu2l strain had 100% homol-
ogy with the KY495216.1 strain of Bacillus subtilis, the Ke22 strain had 100% homology with the
GQ205673.1 strain of Proteus mirabilis, and the Ji23 strain had 100% homology with the
DQ371289.2 strain of Brevibacillus brevis. Thus, combined with analysis of the “Manual for System-
atic Identification of Common Bacteria” and results of the zones of inhibition produced by the four
strains on different media, the four strains Linl11, Yu21l, Ke22, and Ji23 were identified as Breviba-
cillus laterosporus Linl 11, Bacillus subtilis Yu2l, Proteus mirabilis Ke22, and Brevibacillus brevis
Ji23.
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Fig. 4 Construction of phylogenetic trees based on 16S rRNA sequence analysis. A:
Brevibacillus laterosporus Linl11; B: Bacillus subtilis Y; C: Proteus mirabilis Ke22;
D: Brevibacillus brevis Ji23.

3.4 Demonstration of bacterial agent

In Table 1, the effects of different concentrations of bacteria (0, 10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L) on the
removal of organic pollutants were analyzed. The results for the indices COD, BODS5, TN, TP, and SS indicated
some removal efficacy. When the concentration was 40 mg/L, the five indices were significantly reduced, and

Table 1. Analysis of changes in water sample indices after treatment with bacterial agents (units: mg/L)

Concentra- g BOD; TP N SS

0 6900 2100 101 468 2080
10 3950 1260 78.1 441 1471
20 3640 1040 68.9 421 1268
30 2920 930 64.7 308 668
40 2680 831 58.5 290 565
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After 30 days of reaction with bacterial agents, the
change in the color of sewage with addition of different
concentrations of bacterial agents (1040 mg/L) was
observed (Fig.S1). The results showed that when the
concentration reached 30 mg/L or 40 mg/L, the color of
the mineral water sewage tended to be yellow. Howev-
er, for large-scale demonstration of the microbial
agents, it is necessary to consider their cost, and addi-
tion of the minimum amount of bacteria was the most
economically feasible option to achieve the best effect.
Taken together with the results in Table 1, a concentra-
tion of 30 mg/L was used for the added bacterial agent
in the subsequent experiment.

The change in COD with time is shown in Fig. 5-A. The
results showed that the addition of the composite bacte-
rial agent to sewage had significant COD removal abil-
ity. At 25 days after bacterial agent addition, the con-
centration of COD changed slightly, decreasing from
6880 mg/L to 3540 mg/L, for a removal rate of 48%. At
30 days after bacterial agent addition, the COD concen-
tration decreased from 6880 mg/mL to 3350 mg/L, for a
removal rate of 51%. This shows that COD tended to
stabilize by 25 days, and the removal rate reached ap-
proximately 50%.

The change in BOD with time showed that at 25 days
after bacterial agent addition, BOD concentration de-
creased from 2003 mg/L to 929 mg/L for a removal rate
of 54%. After 30 days, the removal rate reached 55%,
indicating that the BOD degradation rate reached a sta-
ble value after 25 days (Fig. 5-B).

Based on the change in total phosphorus with time (Fig.
5-C), the addition of composite bacterial agent to the
test water sample began to take effect starting at 15
days, at which total phosphorus decreased significantly
from 103 mg/L to 76 mg/L, for a removal rate of 27%.
After which, the rate of decline slowed with time until it
stabilized.

The change in total nitrogen with time after addition of
the composite microbial agent to the test water sample
is shown in Fig. 5-D. The results showed the total nitro-
gen concentration decreased slowly with time after the
composite bacterial agent was added and became stable
after 20 days, decreasing from 469 mg/L to 358 mg/L,
for a removal rate of 24%, and decreasing to 301 mg/L
after 30 days, for a removal rate of 36%.
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E

Fig. 5 Changes in concentration of indices over time after
treatment of water samples with bacterial agents. (A,
change in COD concentration over time; B, change in
BODjs concentration over time; C, change in TP concentra-
tion over time; D, change in TN concentration over time;
E, change in SS concentration over time).
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The change in SS with time is shown in Fig. 5-E. The
results showed that the addition of the composite bac-
terial agent had a significant effect on the removal of
SS from sewage. At 25 days after bacterial agent ad-
dition, SS decreased from 2170 mg/L to 1321 mg/L,
for a removal rate of 39%. At 30 days after bacterial
agent addition, SS stabilized, and the removal rate
remained at 39%.

After the sewage and bacterial agent were allowed to
react for 30 days, the sewage from each treatment
group was placed in a 0.5 L mineral water bottle, and
the change in the color of the sewage was observed
(Fig.S2). The figure shows that in treatment groups,
in which the bacterial agent reacted with the sewage
for 15 days and 20 days, the color of the sewage was
similar to the control group, and there was no major
change. However, after the bacterial agent reacted
with the sewage for 25 days, the color became slight-
ly light yellow. After reaction for 30 days, the change
was the most obvious, becoming pale yellow. This
indicated that the cooperative effect of multiple mi-
croorganisms was beneficial for the absorption and
decomposition of the harmful malodorous gases gen-
erated to achieve a deodorizing effect.

4. CONCLUSIONS

In this paper, a bacterial deodorant was constructed
by separating and screening strains obtained from the
natural environment, and functional bacterial strains
associated with indigenous soil microorganisms were
added to pig farm sewage to introduce beneficial mi-
croorganisms gradually as the dominant strains. The
effects of removing organic pollutants and changes in
various indices over time after addition of bacterial
agents to sewage were analyzed. Experimental results
showed that after 30 days of treatment with the bacte-
rial agent, the COD, BOD, TP, TN, and SS removal
rates were 51.3%, 55%, 27%, 36%, and 39%, respec-
tively, indicating that the addition of composite bac-
terial agents to water had significant effects on de-
grading pollutants based on various water quality
indices. However, sewage treatment cannot simply
rely on any given treatment technology, and microbi-
al treatment cannot achieve the goal of discharging
sewage. Therefore, it must be combined with other
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treatment processes as needed to create an environ-
ment conducive to microbial growth, so that viable
microorganisms can improve the organic matter re-
moval rate.
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Figure S1. Sewage in mineral water bottles after bac-
terial agent demonstration. The changes in color were
observed, depending on different concentrations of
the added bacterial agent (A: 15 days; B: 20 days; C:
25 days; D: 30 days).
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