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A Bacillus licheniformis TTO1 strain has been isolated from raw quail manure compost on the 25" day
of the incubation. Studying on physiological characteristics showed that this isolate could grow best in
the LB medium, pH from 7.0 to 7.5, at 40 °C for 15 to 25 hrs. Bacillus licheniformis TTO1 showed a
significant ability of producing extracellular enzymes including amylase, protease, cellulase and having
strong antibacterial effect on Salmonella typhi ATCC 14028. This strain can be applied to improve compost
producing from quail manure, enhance the role of microorganisms in composting as well as control

pathogens in the manure.
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Raising quails has been receiving much attention
from farmers working in the livestock industry in the
Central Vietnam because of high economic benefits.
However, a great of manures discharged from breed-
ing farms brings negative effects on environment.
Commonly, quail manure is treated by drying and
used directly as a fertilizer. However, when fertiliz-
ing into anaerobic soils, non-degraded organic com-
pounds in the manure undergo further degradation by
microorganisms to release organic acids and toxic gas
that contribute to soil acidification and consequently
affect the crops. In addition, harmful microorganisms
remaining in untreated manure can cause diseases to
plants. Therefore, effective management of quail ma-
nure is urgent. One of the best methods for the ag-
ricultural sustainable development and ensuring hu-
man health and safety is the compost production from
quail manure. To shorten the composting time, accel-
erate the composting process and improve the quali-
ty of compost, it is necessary to supplement efficient
microorganisms.

Bacillus licheniformis is most commonly found
in soil and on feathers of ground-dwelling birds [1].
This organism has been reported to produce some of
the most important extracellular enzymes including
amylase, protease, cellulase and lipase. It has been
proved that Bacillus licheniformis is a producer of
commercially feasible quantities of various industri-
al enzymes [2] Therefore, isolating these indigenous
strains (including those from raw quail manure) and
studying on their biological characteristics is essen-
tial for the application in many fields.

In this study, the main purpose was to isolate from
quail manure the useful microorganism of Bacillus li-
cheniformis which is highly adaptable to the climate
conditions and geographic characteristics of the Cen-
tral Vietnam to improve the quality of compost pro-
ducing from quail manure and maximize the role of
microorganisms in decomposing of organic substanc-
es, as well as to control pathogens in soil aimed at
contributing to the creation of clean agricultural prod-
ucts for the human consumption. The morphological

Abbreviations: CMC, carboxymethyl cellulose; LB medium, Luria—Berthani medium; ODg, optical density at wavelength of 600 nm.
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characteristics of the isolated strain were studied, the
taxonomical identification using the 16S rRNA gene
analysis was performed, the phylogenic tree was
built, the optimum conditions of growth were investi-
gated, the antibacterial properties and the activities of
some extracellular enzymes were studied.

EXPERIMENTAL
Isolation of bacteria

10 g manure samples from quail farming
were collected, washed in 90 mL sterile water
and serially diluted by 10° times. Three last dilu-
tion samples (0.1 mL) were cultured on nutrient
LB agar plates at 40 °C for 24 h. After the growth
started, a single loop full of bacteria colonies was
transferred each 24 h onto another nutrient agar
plates to isolate. The identification of the genus
was based on the morphological and biochemi-
cal characteristics of the Bacillus species.

16S rRNA gene analysis and sequencing

The DNA extraction and sequencing of 16S
rRNA gene was performed by the Sanger’s method,
after which the BLAST NCBI analysis was used and
the phylogenic tree was built by the maximum likeli-
hood method.

Study on effects of medium conditions on the
isolate’s growth

To activate the isolated strain, the cells were in-
oculated into a 250 mL Erlenmeyer flask containing
100 mL LB medium (adjusted to pH 6.0 and sterilized
by autoclaving at 121 °C, 1 AT for 15 min), placed in
a rotary shaker (180 rpm) and cultured for 12 h.

For fermentation, the culture was introduced up
to the concentration of 1% (v/v) in the growth LB
medium with different pH, 6.0, 6.5, 7.0, 7.5 or 8.0,
and grown at 40 °C for 30 h. Then the selected pH
values were combined with various temperatures in-
cluding 25 °C, 30, 35, 40, 45, 50 °C to investigate the
temperature effect. The cell growth was monitored by
measuring ODgg 0on a spectrophotometer.

Screening of isolate for antibacterial activity

The antibacterial effect of the isolated strain was
studied using Salmonella typhi ATCC 14028 as a test
microorganism. The B. licheniformis and S. typhi
strains were seeded in the same Petri dish symmetri-
cally or perpendicularly and then incubated at 37 °C
for 15 h. The antibacterial activity of B. licheniformis
TTO1 was seen as growth-inhibiting zones on the
S. typhi ATCC 14028 strain lawn.

Screening of isolate for extracellular
enzymes production

The screening of the alpha-amylase activity was
based on the color development resulting from the io-
dine binding to starch [3—5]. The isolated strain was
grown on 0.5% starch agar plate at 37 °C for 24 h.
After the incubation, the strain was flooded with a io-
dine — potassium iodide solution for the detection of
the alpha-amylase activity.

The protease production by the bacterial strain
was screened on plates of agar supplemented with
5% NaCl and 1% casein (MNA). The plates were in-
cubated overnight at 37 °C. The protease-producing
strains were selected on the basis of based the zone
of clearance [6].

Screening for extracellular cellulase produc-
tion of the strain was carried out on agar plates
containing CMC as a substrate [7, 8]. The cellu-
lolytic activity was detected by staining of undi-
gested CMC in the plate regions without the enzy-
matic activity, while the areas exposed to cellulase
gave clear halos surrounding the sites of the en-
zyme application.

The procedure of composting was performed in
cooperation with Dr. Bao An (Danang city, Vietnam)
under the following conditions: height of compost-
ed mass, 1.4 m; width, 2.5 m; temperature 37 °C; hu-
midity 35-40% and pH 7.5.

Statistical analysis

All experiments were conducted three times. The
Excel software (2010) was used to analyze the ob-
tained data.

RESULTS AND DISCUSSION
Bacteria isolation

Nine bacteria strains marked as TTO01, TTO02,
TTO03, TT04, TTO5, TT06, TT07, TTO8 and TT09
were obtained from pretreated quail manure. All of
them could actively grow in the LB media at 40 °C.
However, only the TTO1 strain was obtained from
the raw compost on the 25th to 30th days. There-
fore, TTO1 was selected for the identification and
study on its biological characteristics in order to ap-
ply in composting.

TTO1 was cultured in plates with LB agar at
40 °C for 24 h. It was established that the TTOI
colonies are white, smooth and have a turbid film
on the surface. The Gram-staining revealed that the
strain under study is Gram-positive and rod-shaped

(Fig. ).
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Fig. 1 Morphology of Bacillus licheniformis TTO1 strain cells

Gene analysis and sequencing

The extraction of DNA and sequencing of
16S rRNA gene of TTO1 strain were performed by
the Sanger method. The results of searching using
BLAST NCBI are shown in Fig. 2.

The results shown in Fig. 2 and Fig. 3, in par-
ticular the alignment with the sequence of the B. /i-
cheniformis HQ917117.1 strain proved that the strain
under study belongs to the Bacillus genus. The iso-
lated strain was named Bacillus licheniformis TTO1.
To confirm the TTO1 strain was aboriginal for the
quail manure microbiota, a quail manure sample was
autoclaved at 121 °C for 1 h, and then inoculated with
the isolated TTO1 strain. After 15 days, white spots
appeared and were spread after 20 days. The same

phenomenon was observed 25 days after the inocula-
tion of the raw quail manure compost with the TTO1
strain, which confirms that the B. licheniformis TTO1
strain was a single one to be obtained from the raw
compost on the 25" to 30" days.

Study on pH and temperature effect on TT01
strain growth

The data in Fig. 4 indicate that the TTO1 strain
can grow well on the LB medium within the pH
range 7.0-7.5 at 40 °C. By the contrast, pH 6.0, 6.5,
and 8.0, and temperature of 25 °C, 30, 35, 45 and
50 °C are not suitable for this strain growth. As com-
pared to the result of Ngo et al. [9], B. licheniformis
TTO1 has less heat resistance ability. However,
this strain is sufficiently tolerant to the composting
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Fig. 3. Phylogenic tree for Bacillus genus strains (including B. licheniformis TTO1 strain)

conditions and is capable of being involved in the
process of producing a microbial organic fertilizer
from quail manure. Within the first couple of days
when heat is rapidly generated due to the metabo-
lism of various microorganisms, B. licheniformis
TTO1 forms spores [9]. When the active composting
stage passes, and the temperature decreases gradu-
ally, this strain seems to grow fast and produce use-
ful enzymes to decompose organic materials in the
quail manure. By the time composting is complet-
ed (from the 25" to 30" day), an organic fertilizer
product also contains the beneficial microorganism
of B. licheniformis TTO1.
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To analyze the dynamics of the cell growth under
the optimum conditions (Fig. 4), the TTO1 strain cul-
ture was sampled every day and its ODgy was mea-
sured. The results showed that the cell growth in-
creased exponentially after 10h incubation, reached
maximum after 20 h and then entered the stationary
phase (Fig. 5).

Analysis of antibacterial activity of TTO01 strain
against Salmonella typhi ATCC 14028

After 25-30 days of incubation, the raw quail
manure compost changed the color from golden yel-
low to dark yellow and was covered by a white layer.
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Fig. 4. Effect of pH () and temperature (b) on B. licheniformis TTO1 strain growth
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Only the B. licheniformis TTO1 bacterial strain was
isolated from this sample which indicates that the
strain TTO1 has a promising biological characteristic
of inhibiting the growth of other microorganisms. To
determine the rate of antagonism of the strain TTO1 to
Salmonella typhi ATCC 14028, the methods of half-
agar plate and perpendicular culturing were used.
Both methods showed that after the 15h incubation,
B. licheniformis TTO1 inhibited the growth and de-
velopment of S. typhi ATCC 14028 strain (Fig. 6).

Analysis of capacity of TTO01 strain to produce
amylase, protease and cellulase

The strain TTO1 was cultured in a shaken LB
broth at 40 °C for 24 h. The supernatant was collected
by centrifuging at 10000 g for 10 min to test the en-
zyme activity. The obtained results (Fig. 7) indicated
that the strain TTO1 has promising ability of produc-
ing all the three analyzed enzyme activities.

1.0
0.9
0.8
0.7 |
0.6
0.5
0.4
0.3
0.2
0.1
0.0

ODEDO

0 5 10 15 20 25 30 35 40

Time, h

Fig. 5. Dynamics of B. licheniformis TTO1 strain
growth at optimum pH (7-7.5) and temperature (40 °C)

Fig. 7 shows that the TTO1 strain isolated in this
work from the raw quail compost has a useful capaci-
ty of producing enzymes including amylase, protease
and cellulase.

Fig. 6. Antibacterial activity of TTO1 strain against Salmonella typhi ATCC 14028 measured by methods of half-agar plate
(left) and perpendicular culturing (right): (@), Bacillus licheniformis TTO1, (b) Salmonella typhi ATCC 14028

Fig. 7 The ability of TTO1 strain enzymes to degrade specific substrates on agar plates: /, amylase; 2, protease; and 3, cellulase
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Thus, a Bacillus licheniformis TTO1 was isolated
from raw quail manure compost and identified on the
basis of 16S rRNA gene analysis. The pH and tem-
pertature optimum for the strain growing was proved
to be 7.0-7.5 and 40 °C, respectively. Bacillus li-
cheniformis TTO1 showed a significant ability of pro-
ducing some extracellular enzymes including amy-
lase, protease, cellulase and having a strong antibac-
terial effect on Salmonella typhi ATCC 14028.

Therefore, our data prove that Bacillus licheni-
formis TTO1 has remarkable biological activities,
and a further research is needed to investigate the in-
troducing of this strain in the process of quail ma-
nure composting. It can result in a bioorganic fertil-
izer which reduces the risk of the environmental pol-
lution and nutrient wasting in Quang Nam province,
Da Nang city, in particular, as well as in the Central
Vietnam and Highlands, in general.
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