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Abstract

Magnesium (Mg) is an essential macronutrient that can be obtained through mineralization of mine
spoils. The leftover mine spoils of magnesite mines still contain a reliable amount of Mg in it. The Mg
present in raw magnesite spoils is in its carbonate form and hence it has to be mineralized to convert
it into plant available soluble forms of Mg. The effect of B. cereus and B. stercoris in the mineralization
of Mg has been studied in synthetic mineral salts medium (MSM). To obtain maximum mineralization
results it is important to know the optimal conditions of the organisms under which they can grow
and produce more Mg. The mineralizing capability of the individual organisms and their combined
effect as a consortium under various concentrations of carbon source, pH, temperature and soil organic
matter has been studied. It has been seen that the organisms grow and mineralize better when 1% of
glucose has been supplemented as carbon source. The optimal pH and temperature were found to be
pH 7 and 35°C, respectively. The addition of anthraquinone-2-sulphonic acid (ADQS) as soil organic
matter enhances the mineralization Mg in synthetic medium. Rendering to SEM and EDX analysis, the
mineralization of Mg in the synthetic medium was established.
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INTRODUCTION

Magnesite is an essential mineral ore,
which is extensively used in manufacturing
refractory materials used by steel industry.
Despite its usefulness, the extractive operations
and mineral processing wastes of mining are
associated with a variety of environmental and
social impacts.? Salem district is a major sector
of magnesite mining in Tamil Nadu, India. As the
demand for magnesite increases, it results in a
large excavation of landscape and maximize the
dumping of wastes as spoils or mine tailing. The
ore processing wastes of magnesite mine spoils
comprise with high variety of minerals. The
characteristic features of mine wastes might also
assist in determining their suitability for alternative
uses.? One such use of mine spoils is the extraction
of leftover minerals from the spoils to form stable
outcomes that comprise of readily available
minerals to plants. For exploitation of mine wastes,
the extraction process can be achieved through
mineralization.

The degradation of an initial compound
to attain a mineral compound, is a well-defined
process of mineralization. The composition of
the initial compound determines the release of
mineral compounds through mineralization.**
Mineralization in soil is greatly enhanced by the
activity of microbes which oxidize or decompose
the initial compounds into easily available
minerals to plants.® This process can be termed as
biomineralization. Harnessing microbes improves
rehabilitation outcomes and transform mine
spoils.”®

Through mineralization of mine spoils
many plants are obtained available minerals.
One such essential mineral obtained is Mg. It is
a macronutrient that plays an important role in
plant shoot-root formation® and photosynthetic
process.’ The effect of various crops and plant
species 4 and its role in plant physiology*>*® has
been widely studied. Mg deficiency causes various
physiological and morphological deformities
in plants,’”?° and may also cause enzymatic
alterations in plants.?

This essential mineral has almost become
a forgotten element in crop production.?? To
overcome this situation, in this study, the initial

compound that is taken into consideration for
mineralization is the Mg carbonate present in
the mine tailing or spoils of magnesite mines.
The water insoluble carbonate forms of Mg have
been solubilized or mineralized into water soluble
plant available forms of Mg. This is attained with
the help of two bacterial species namely, Bacillus
cereus and Bacillus stercoris are isolated from the
natural soil. The ability of these two organisms
individually as well as a consortium to mineralize
Mg has been studied. Moreover, the optimum
conditions under which maximum mineralization
and growth can be obtained is being discussed.

MATERIALS AND METHODS

Bacterial species and purification

Two potential bacterial isolates, Bacillus
cereus (MS2) and Bacillus stercoris (MS76) that
are capable of mineralizing Mg carbonate into
available Mg were obtained from Bioremediation
Laboratory of Periyar University, Salem. The strains
were preserved as pure isolates in nutrient agar
slants for further studies.

Antagonistic activity between the potential
strains

The bacterial isolates B. cereus and B.
stercoris were tested for their antagonistic activity
against each other through agar well diffusion
method. Muller Hinton Agar (MHA) plates were
prepared, poured into sterile Petri dishes and
solidified. To one of the plates, B. cereus was
swabbed using a sterile cotton swab and a well
punctured in the agar plate was inoculated with
B. stercoris culture. Similarly, on another plate the
cultures were inoculated vise-versa. The plates
were then incubated at 35°C for 24 hours and the
results were observed.

Utilization of carbon source

B. cereus, B. stercoris and a consortium of
both bacterial strains were tested for their growth
under different carbon sources. About 100 ml of
Mineral Salt Medium (MSM) containing (g/1) 1.7g
of NaCl, 0.3g of KCI, 0.15g of NH,Cl, 0.2g of K,HPO,,
0.07g of Na,SO,, 2g of NaHCO, and 0.4g of Yeast
extract was prepared. The medium was sterilized
with the supplementation of two different carbon
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sources namely, 1% starch and 1% glucose. To
the sterile MSM, 1% of B. cereus, B. stercoris and
bacterial consortium were inoculated respectively.
A control flask was maintained without any carbon
source. All the flasks were incubated under shaking
condition at 120 rpm and 35°C. At an interval
of every 24 hours, 10 ml of sample was drawn

aseptically and were centrifuged at 4000 rpm for
20 minutes. The pellets obtained were dissolved
in double distilled water and the suspension made
were observed as bacterial growth at 600nm using
UV-vis spectrophotometer. The results were noted
for a period of 10 days.

(a) Mineralization of Mg by B. cereus and bacterial growth
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Figure 2. Effect of glucose at varying concentrations on the mineralization of Mg and bacterial growth
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Synthesis of magnesium carbonate

Magnesium carbonate was synthesized
by adding equal volumes of 0.5M of magnesium
sulphate solution and 0.5M of sodium carbonate
solution. The solutions were mixed thoroughly
and was left to stand for 2 hours. When aqueous
magnesium sulphate reacts with aqueous sodium
carbonate, a white precipitate of magnesium
carbonate will be formed along with aqueous
sodium sulphate. The chemical reaction that takes
place during this process as expressed,

MgSO + Na,COo = MgCO +

4(aq) 3(aq) 3(p)

NaZSO4(aq)

The precipitate thus formed was
collected, air dried and were powdered. This
powdered magnesium carbonate was insoluble
in water and used it as mine sector resource for
further studies. The magnesium oxide synthetically
obtained was similar feature as the mine wastes
magnesite collected from Salem District of Tamil

Nadu, India.

Standardization of Mg

Mg in the sample solution was known
using standard Eriochrome Black T (EBT) method.?
The reagents required were ammonia buffer
(25 ml of 25% ammonia solution, 25 ml of d.H,O
and 0.5g of NH,Cl) and Eriochrome Black T
indicator (0.1% of EBT dissolved in methanol).
To obtain a standard graph, 9.1 ml of known

concentration of Mg sample was taken to which
0.8 ml of buffer solution and 0.1 ml of the EBT
indicator solution was added. Reagents added in
dd.H,0 was kept as blank solution. The intensity
of the color variation for each concentration of Mg
and their absorbance at 530nm was noted using
UV-vis spectrophotometer. Thus, a standard graph
with repression value (R?) of 0.9 was obtained.

Optimal conditions for mineralization of Mg and
growth of bacteria

Optimal conditions for Mg mineralization
and its corresponding bacterial growth were
determined under various concentrations of
glucose (0.5, 1.0 and 1.5%), pH (3, 5, 7, 9 and
11), temperature (25, 30, 35, 40 and 45°C) and
different soil organic matter (Humic acid and
ADQS-anthraquinone-2-sulphonic acid).

About 0.5% of synthesized magnesium
carbonate was incorporated in MSM along with
1% of bacterial inoculum and were subjected to
grow and mineralize under various conditions as
stated above. This study was carried out under
batch condition for a period of 10 days. In which,
after every 24 hours, 10 ml of samples were drawn
aseptically and were centrifuged at 4000rpm for
20 minutes. The supernatant of the centrifuged
samples was tested for the amount of soluble
concentration of Mg and its concentration of
variations each day by following the EBT method
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Figure 3. Total Mg minerals obtained from MSM supplemented with glucose at varying concentrations after 10*" day
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of determination. The pellets obtained were
dissolved in double distilled H,0, and the growth
of the organism was determined at 600nm using
UV-vis spectrophotometer. The mineralizing ability
and growth conditions were examined separately
for B. cereus, B. stercoris and bacterial consortium.

(a) Mineralization of Mg by B.
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Time (Days)

SEM and EDX Analysis of Mg obtained from MSM
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consortium has showed better results in
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Figure 4. Effect of varying pH on mineralization of Mg and bacterial growth
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action of bacterial consortium was tested through
scanning electron microscopy (SEM) and energy
dispersive X-ray (EDX) analysis. Using SEM, the
size of the Mg mineral, morphology and texture of
the crude crystals were observed. Subsequently,
EDX was used to determine the presence of Mg
in elemental form in the specimen:s.

RESULTS

The bacterial strains, Bacillus cereus
(MS2) and Bacillus stercoris (MS76) that are
proficient to Mg mineralization in synthetic MSM
were studied under batch conditions. To obtain
maximum mineralization in natural resources,
it is important to know the optimal conditions
of the organisms under which they can produce
more Mg. The mineralizing capability of the MS2
and MS76 and their effect as a consortium under
various concentrations of carbon source, pH,
temperature and soil organic matter has been
studied.

Antagonistic activity between the potential
isolates

The plates inoculated with the bacterial
isolates were observed after 24 hours. No zone of
clearance was observed in the plates, resulting that
the organisms are capable of growing in symbiotic
relationship with each other. Therefore, B. cereus
(MS2) and B. stercoris (MS76) were also used as a
consortium of bacterial species in further studies.

Utilization of carbon source

The growth of bacterial isolates was noted
on daily basis using UV-vis spectrophotometer at
600nm and the results were shown in Figure 1.
The results showed that the growth of B. cereus,
B. stercoris and consortium were better and
higher in glucose when starch was supplemented
as a carbon source. The growth of the organisms
without carbon source was relatively lesser.
Hence, glucose was selected as a sole carbon
source for both the isolates as well as for bacterial
consortium.
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Figure 5. Total Mg minerals obtained from MSM at varying pH after 10" day
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Optimum glucose concentration on mineralization
of Mg and bacterial growth

The bacterial isolates B. cereus, B.
stercoris and consortium were subjected to
various concentrations of glucose (0.5, 1.0 and
1.5%) mineralization of Mg. The Figure 2 shows

(a) Mineralization of Mg by B.

the mineralization of Mg, in which it was seen
that the Mg concentration in the samples was
constantly increasing for the first three days and
later the concentration of Mg started to decrease.
But the growth of the organisms was constantly
increasing and attained stationary phase after
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Figure 6. Effect of varying temperatures on mineralization of Mg and bacterial growth

Journal of Pure and Applied Microbiology

2486

www.microbiologyjournal.org



Prasanna et al | J Pure Appl Microbiol. 2023;17(4):2479-2492. https://doi.org/10.22207/JPAM.17.4.46

the 7 day of incubation as shown in Figure 2.
While calculating the total mineralization of Mg
in 10 days, B. cereus, B. stercoris and consortium
were able to produce more Mg when 1% of
glucose was supplemented (Figure 3). The other
concentrations of glucose (0.5 and 1.5%) showed
comparatively less Mg concentration. Hence, 1%
of glucose supplementation is noted as the optimal
concentration of glucose as carbon source.

Optimum pH on mineralization of Mg and
bacterial growth

The isolates were tested at various pH (3,
5, 7, 9 and 11) for their ability to mineralize Mg
and their growth parameters. As shown in Figure 4,
pH 7 showed greater Mg concentration compared
to other pH levels. The growth of the organisms
as shown in Figure 4 revealed that the growth
was also maximum at pH 7. B. cereus showed less
growth at pH 5 and least mineralization at pH 9.
In the case of B. stercoris showed less growth at
pH 3 and less mineralization at pH 9. Consortium
showed least growth and mineralization at pH
11 (Figure 5). The optimum pH for magnesium
mineralization and growth of the organisms is
pH 7.

Optimum temperature on mineralization of Mg
and bacterial growth

The study carried out among the various
temperatures (25, 30, 35, 40 and 45°C) with B.
cereus, B. stercoris and bacterial consortium,
the results showed maximum mineralization
rates of Mg under 35°C and least mineralization
at 45°C (Figure 6). The growth of the organisms
was also maximum under 35°C and all the other
temperatures showed relatively lesser growth.
Figure 7 depicts the overall concentration of Mg
obtained in 10 days. From the results it can be
supposed that 35°C is the optimum temperature
for the bacterial growth and Mg mineralizing
capability.

Optimum soil organic matters on mineralization
of Mg and bacterial growth

In addition to carbon source, humic acid
(HA) and anthraquinone-2-sulphonic acid (ADQS)
were added as soil organic matter. The addition
of these substances was done to see whether
these substances could increase the growth of the
organism and corresponding Mg concentration in
the medium. It was noticed that the mineralization
of Mgincreased when ADQS was added along with
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Figure 7. Total Mg minerals obtained from MSM at varying temperatures after 10" day
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the carbon source (Figure 8 and Figure 9). The  SEM and EDX analysis of Mg from MSM

addition of ADQS also increased the growth of the The structure and presence of soluble Mg
organisms. Hence, the results illustrated that Mg  obtained from the MSM medium by the action of
concentration and the growth of the organisms  bacterial consortium were tested through SEM

can be increased with the addition of ADQS.

and EDX analysis. Figure 10 displays that SEM and
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Figure 8. Effect of soil organic matters on mineralization of Mg and bacterial growth

Journal of Pure and Applied Microbiology

2488 www.microbiologyjournal.org



Prasanna et al | J Pure Appl Microbiol. 2023;17(4):2479-2492. https://doi.org/10.22207/JPAM.17.4.46

EDX analysis of the sample showing the presence
and surface structure of mineralized Mg. SEM
observation at 3um showed that the presence of
Mg mineral of strong crystals with rough texture.
EDX measurement revealed that the samples
obtained from the MSM contained Mg, O and trace
elements. As depicted in the image, the Mg peak
obtained through EDX analysis confirms that the
presence of Mg in the sample after mineralization.

DISCUSSION

B. cereus and B. stercoris are the two
potential bacterial isolates that are capable of
mineralizing MgCO, into soluble forms of Mg
are being used in the present study. It has been
known that even in the previous studies, Bacillus
sp. has been a dominant species in solubilizing
minerals** and is the most common species that
are capable of solubilizing agriculturally important
minerals.>>% Bacillus sp. is also used in solubilizing
magnesium, calcium and zinc.”® Moreover, Bacillus
sp. is @ major type of bacteria that can survive
under harsh environmental condition and can
promote crop productivity.?®

It has been found B. cereus and B.
stercoris can form a symbiotic relationship with
each other and hence they can also be used as

consortium. The organisms showed better growth
when glucose was supplemented in the medium.
Hence, glucose was selected as sole carbon
source. The concentration of glucose under which
enhanced growth and magnesium was obtained
was when 1% of glucose was supplemented.
Similarly, enhanced results were obtained for B.
cereus and B. stercoris when the medium was
maintained at pH 7 and the temperature of 35°C.
The optimal condition of B. cereus growth as
reported by Oualha et al.*® is pH from 7 to 8 and
a wide range of temperature ranging from 30°C
to 42°C. The optimum growth parameter for B.
stercoris has been reported as pH 7 and 35°C.*°
Moreover, it has also been said that the mobility
of Mg in soils and plants are strongly influenced
by pH. The pH around 7 to 7.5 is reported to be
effective and acidic pH (<6) reduces the mobility
of magnesium.?”

Inthe present study, it has been seen that
the mineralizing ability of B. cereus, B. stercoris and
the consortium was increased with the addition
of soil organic matter anthraquinone-2-sulphonic
acid (ADQS). In a previous study, the dissolution of
heavy metals has been enhanced in the presence
of glucose and ADQS.3*3? While noticing the results
of B. cereus, B. stercoris and the consortium under
various conditions, all the results showed an
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Figure 9. Total Mg minerals obtained from MSM supplemented with soil organic matters after 10th day
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(a) SEM image showing the surface structure of mineralized Mg
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(b) EDX analysis showing the presence of Mg in the sample
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Figure 10. SEM and EDX analysis of Mg mineral from MSM

increasing concentration of magnesium till the 3 after the 7t day. This might be because of that the
day and after which the concentration decreases.  mineralized magnesium must have been utilized
But the growth of the organisms is constantly in by the organisms for their growth. Groisman et
its increase phase and attains stationary phase al.,* has reported that bacteria have special Mg?*
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transporter mechanisms that sense the levels of
Mg** and maintain homeostasis in the bacterial
cell. The presence of Mg in the mineralized
sample was tested with SEM and EDX. The results
represented in the image, the Mg gathering and
the peak obtained through SEM and EDX confirm
that the presence of Mg in the sample after
mineralization.

CONCLUSION

The present experiment was conducted
to know the optimal condition under which B.
cereus, B. stercoris and consortium could produce
more magnesium. It was found that glucose at 1%,
pH7 and a temperature of 35°C with addition of
ADQS can grow and produce more magnesium in
the surrounding medium. Thus, a consortium of
B. cereus and B. stercoris are capable of producing
magnesium in the surrounding environment in
the presence of magnesium carbonate and under
all the optimum conditions. SEM and EDX clearly
shown on its confirmation that the significant
mineralization of Mg from synthetic medium.
Therefore, utilizing B. cereus and B. stercoris can
serve as an alternative mechanism to rehabilitate
mine spoils as well as to extract an essential
macronutrient magnesium from the mine spoils
under favorable conditions. It is concluded that,
although Mg is naturally present in soils its low
solubility makes Mg as a less available element in
the surrounding. Hence, it is necessary to increase
Mg solubility as a mineral for the growth and
development of plants and other living organisms.
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