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Abstract: Attention has been paid to bioflocculants production because of their effectiveness, innocu-
ousness and environmental friendliness. This study aimed to characterise a bioflocculant from Bacillus
megaterium BMBF and apply it in wastewater treatment. The proteins, carbohydrates and uronic acid
were calculated using the Bradford, phenol–sulphuric acid and carbazole assays, respectively. An
energy-dispersive X-ray (EDX) and infrared spectrometry were employed for the identification of the
elemental composition and effective units, respectively. Cytotoxicity was carried out against Vero
(African green monkey kidney) and bovine dermis cells using a colorimetric cytotoxicity assay. The
reduction in chemical oxygen demand (COD) and biological oxygen demand (BOD) in domestic and
coal mine wastewater was studied using the Jar test. The flocculant was composed of 12% protein,
27% carbohydrates and 61% uronic acid. Infrared spectrometry indicated hydroxyl, carboxyl and
amino groups. EDX indicated C (61%) and O (17.5%) as the main elements. The bioflocculant
revealed the mean inhibition concentration of 59 ug/mL against bovine dermis and 240 µg/mL on
Vero cells. Maximum COD and BOD removal percentages of 97% and 99.3% were recorded on coal
mine wastewater treatment and about 99.2% (COD) and 93% (BOD) on domestic wastewater. In
conclusion, the bioflocculant from B. megaterium has potential industrial utility.

Keywords: Bacillus megaterium BMBF; flocculation; reduction efficiency; wastewater

1. Introduction

The constant development of industries and increase in population have led to the
steady increase in the volumes of wastewater discharged into water bodies [1]. Annually,
approximately 109 m3 of wastewater is globally produced. About 30% of the generated
wastewater is from municipal wastewater, whereas over 60% comes from industries, such as
coal mines [2]. The disposal of wastewater remains the main challenge, especially in third-
world countries where roughly 8% of wastewater is treated prior to being discharged [3].
Water pollution imposes a threat to environment and human and animal health [4]. More
than 70% of disease cases in third-world countries are associated with the consumption
or drinking of polluted water [5]. Thus, recently, much attention has been given to the
treatment of wastewater [4].

Flocculation is one of the methods which is widely employed to combat the challenge
of wastewater [6]. During flocculation, colloids are eliminated or reduced from solution
using flocculants. It is mainly used due to its efficiency, convenience and financial fea-
sibility [7]. Flocculants are classified into: organic synthetic flocculants (i.e., acrylamide
derivatives), inorganic flocculants (i.e., aluminium and ferric salts) and biological floccu-
lants, which include microbial flocculants [8]. Inorganic flocculants are widely preferred
and operational due to their economic advantages [9]. Nonetheless, they have moderate sol-
ubility and are highly sensitive to pH changes [10]. Thus, the shortcomings of the inorganic
flocculants have led to the use of organic synthetic flocculants as alternatives [11]. Organic
synthetic flocculants are effective at low concentrations and are inert to pH variations [12].
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Nevertheless, the toxicity and nondegradation nature of their monomers have been major
hindrances, as they impose a threat to humans, aquatic life and the environment [13].
Owing to ever-increasing environmental and health concerns, biological flocculants have
been recently viewed as promising substitutes.

Microbial flocculants are biomolecules secreted by fungi, actinomycetes and bacteria
during their growth and environmental interactions. They are in the form of lipids, proteins,
polysaccharides and glycoproteins [13]. Microbial flocculants have gained attention due
to their biodegradability, nontoxic nature and effectiveness [14]. The genus Bacillus of the
family Bacillaceae consists of diverse bacterial strains known to secrete effective biofloccuants
in larger quantities [15]. For instance, the bioflocculants from Bacillus salmalaya 139SI-7
have been used in the reduction of wastewater pollutants [16], whereas the bioflocculants
from Bacillus licheniformis NJ3 were utilised to reduce turbidity in water [17]. Moreover,
the bioflocculants from Bacillus megaterium PL8 and Bacillus megaterium SP1 were efficient
in remediating dye and pollutants in wastewater [18,19]. Therefore, in our previous
study, we isolated Bacillus megaterium BMBF from the intestines of the marine fish from
Mthunzine Beach, KwaZulu-Natal, South Africa, and its culture parameters were optimised
for effective bioflocculant production (unpublished).

This study aimed to characterise the bioflocculant from Bacillus megaterium BMBF and
apply it in the remediation of domestic and coal mine wastewater.

2. Materials and Methods
2.1. Chemicals and Media

The chemical substances and media were purchased from Sigma-Aldrich. The chem-
icals included: KBr salt, HCl, NaOH, LiCl, CaCl, KCl, NaCl, BaCl2, MnCl2, MgCl2,
FeCl3, bovine serum albumin, glucose, Bradford reagent, Carbazole reagent, MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide), DMSO (dimethyl sulfoxide),
5-fluorouracil, FBS (fetal bovine serum) and streptomycin. The media included: MEM
(minimum essential medium) and the production medium for the bioflocculant, which
consisted of NaCl (0.1 g), starch (20.0 g), KH2PO4 (2.0 g), MgSO4 (0.2 g), casein (1.2 g) and
K2HPO4 (5.0 g) in a litre of sterilised filtered sea water.

2.2. Bacterium, Extraction and Purification

B. megaterium BMBF was obtained from the −80 ◦C fridge in the microbiology lab-
oratory at the University of Limpopo. It was then resuscitated in the medium at 37 ◦C,
220 rpm for 24 h. The precipitation technique was used to obtain the bioflocculant from
the broth culture. B. megaterium BMBF (2% inoculum size) was inoculated into a litre of
the bioflocculant production medium and cultured at a shaking speed of 220 rpm and a
temperature of 30 ◦C and pH 7 for 60 h. Afterwards, the broth was centrifuged (10,000 rpm
for 15 min) and a volume of sterilised distilled water was poured into the supernatant,
slowly agitated gently and centrifuged. Thereafter, 2 volumes of 99% ethanol were trans-
ferred into the free-cell supernatant, stirred and placed at 4 ◦C for 720 min. The formed
precipitate was dried and the flocculant was dissolved in 100 mL of the autoclaved distilled
water. Subsequently, the bioflocculant was purified by adding a solution of chloroform
and butanol (2:5: v/v), prior to being left to stand for 720 min. Afterwards, the whitish
precipitate was centrifuged and dried. The weight of the obtained flocculant was expressed
as g/L [20].

2.3. Chemical Compounds

The phenol–sulphuric acid method was utilised for the evaluation of the carbohydrate
content using glucose as the standard. The biopolymer (0.2 g) was dissolved in the auto-
claved distilled water (100 mL). Thereafter, phenol (0.2 mL) and 1 mL of sulphuric acid
were also added. The solution was incubated for 12 min at room temperature. The mixture
of 2 mL of the autoclaved distilled water, 10 mL of concentrated sulphuric acid and 2 mL
of 5% phenol was used as a blank. The readings of the absorbance were then recorded
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at 496 nm [21]. The Bradford assay was employed to determine the total protein content.
Briefly, the protein standard was prepared using bovine serum albumin (BSA). BSA stan-
dard solution (40 µL) and the bioflocculant treated with BSA (40 uL) were both transferred
to 96-microwell plates. Then, Bradford reagent (185 µL) was loaded and the solutions were
then incubated at room temperature for 2 min. For the blank, sterilised distilled water and
Bradford reagent were used. The solutions were recorded at the wavelength of 590 nm. The
standard curve was plotted and the total protein content was derived from the curve [22].
The carbazole–sulphuric acid assay was utilised to evaluate the amount of uronic acid
using glucuronic acid as the standard. To the bioflocculant solution (0.5 mg in 0.2 mL),
20 µL of 4 mol/L sulfamic acid–potassium sulfamate was pipetted followed by the addition
of 1.2 mL of the concentrated H2SO4. After the mixture cooled to room temperature, 50 µL
of the carbazole reagent (0.15% w/v of carbazole in 99% ethanol) was added. Thereafter,
the mixture was boiled in a water bath for 20 min, followed by cooling in an ice-water
bath until it reached room temperature. The absorbance of the mixture was recorded at
525 nm [23].

2.4. Characterisation of the Bioflocculant

The physical morphologies of the samples (flocculated kaolin, flocculant and kaolin)
were assessed by using scanning electron microscopy (SEM). The samples were sputter-
coated with silicon and inserted into the scan electron microscope (SIGMA VP-03-67, ZEISS
Microscopy, Cambridge, UK), and their surface images were captured in a low-vacuum
mode at 20 kV [24]. The elemental analyser (X-Max EDS system, Oxford Instruments Inc,
Oxford, UK) was utilised to identify different elements within the bioflocculant. Briefly,
5.0 mg of the biopolymer was fixed onto the silicon-coated slides and then inserted into
the instrument for evaluation [25]. The effective components were studied by Fourier
transform infrared spectrophotometry. The biopolymer was first pulverised with KBr.
Then, an FTIR spectroscope (PerkinElmer UATR TWO, 2000, PerkinElmer LAS, Rodgau,
Germany) was run at 500–4000 cm−1 [26]. The pyrolysis of the biopolymer was explored
by thermogravimetric mass spectrometry. The sample was inserted into the instrument
(Model: DTG-60, Shimadzu Corporation, Tokyo, Japan) and heated at a rate of 15 ◦C per
minute. The nitrogen (N) gas was supplied at a constant flow of 20 mL/minute [27].

2.5. Impact of Dosage Size and Metal Ions

The Jar test was used to ascertain the impact of dosage on flocculation. Two millilitres
of different concentrations of the bioflocculant (0.2, 0.4, 0.6 and 0.8 mg/mL) were pipetted
separately into 95 mL of kaolin clay suspension (4 g/L), followed by the addition of 3 mL
of 1% CaCl2. The mixtures were shaken at 180 rpm for 2 min. Thereafter, they were
gently agitated at 50 rpm for 5 min and left to sediment. After 5 min, the top supernatant
was drawn and the flocculating efficiency was evaluated by recording its absorbance at
the wavelength of 550 nm. For control, the supernatant was replaced with the sterilised
medium (see Section 2.1). Thereafter, the percentage flocculating efficiency (%FE) was
recorded as:

(%FE) = Aa − Bb/Aa × 100 (1)

where Aa and Bb represent the absorbance at 552 nm of the control and treated samples [28].
The influence of cations on flocculation was assessed. CaCl2 solution, which was utilised
in the standard method (see Section 2.9), was substituted with dissimilar metal ions. The
mixture of the bioflocculant and kaolin clay in the absence of the metal ions served as the
control. The flocculation rate was then calculated as defined above [29].

2.6. pH and Thermal Stabilities of the Bioflocculant

The pH stability of the biopolymer was estimated by following the protocol described
by He et al. [30]. The kaolin’s (4 g/L) pH was altered within pH 3 to 12. The biopolymer
and CaCl2 were pipetted into the kaolin clay solution. The flocculating action was assessed
as stipulated previously. The thermal effect on the biopolymer was investigated using
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the Jar test. Ten millilitres of the biopolymer was exposed to different temperatures (50 to
100 ◦C) for 30 min. Thereafter, the heated bioflocculant (2 mL) and 3 mL of CaCl2 (1% v/w)
were both poured into kaolin clay solution (95 mL, 4 g/mL). Afterwards, the flocculation
was determined following the previously described protocol [31].

2.7. Cytotoxicity

The cytotoxicity of the biopolymer was evaluated on Vero and bovine dermis using
the MTT technique. Both cells were cultured on MEM, which was supplemented with strep-
tomycin (100 µg/mL) and 10% of FBS. The MTT assay was performed using 96-microwell
plates, which contained 1.5 × 103 cells/well in 100 µL MEM. Prior to inoculation, the cells
were grown at 37 ◦C in 5% CO2 for 24 h. Afterwards, different bioflocculant concentrations
(50–300 µg/mL) were pipetted into the wells and reincubated at 37 ◦C in 5% CO2 for
48 h, followed by the MTT assay. The 5-fluorouracil was used as the standard, whereas
0.2% dimethyl sulfoxide (DMSO) replaced the flocculant as the negative control. The used
medium was substituted with the fresh medium, which was supplemented with 10% MTT
reagent and reincubated for 4 h at 37 ◦C in 5% CO2. Thereafter, the formazan particles
were solubilised in DMSO. The absorbance was recorded at 576 nm. The median inhibitory
concentration of the bioflocculant (IC50) was calculated from the GraphPad Prism version 6,
GraphPad Software, San Diego, CA, USA) using the linear regression technique [32].

2.8. Reduction of Pollutants in Wastewater

The domestic wastewater was aseptically obtained from East Rand Treatment Plant
in Johannesburg, South Africa, and the coal mine wastewater was sampled at the local
mine wastewater plant. The BOD and COD of the samples were measured using the test
kits, following the manufacturers’ instructions. The wastewater samples were adjusted
to pH 7 prior to treatment. Thereafter, 3 mL of CaCl2 and 2 mL of the obtained optimum
bioflocculant concentration were pipetted into 95 mL of the water samples. The solutions
were stirred for 2 min at 180 rpm; the agitation was lowered for 5 min to 50 rpm and then
left to sediment for 5 min. For comparison, aluminium chloride and ferric chloride were
applied as positive controls, in the same concentrations as the bioflocculant. The percentage
reduction efficiencies (%RE) of the flocculants were measured using the formula:

%RE = Aa − Bb/Aa × 100 (2)

where Aa and Bb are the readings of the samples before and after treatment, respec-
tively [20].

2.9. Statistical Analysis

The obtained data were articulated as the mean ± standard deviation. The tests were
performed in triplicates. The obtained results were analysed using ANOVA (one-way
analysis of variance) to find the differences, using Graph Pad Prism™ 6.1. The obtained
readings were regarded as different when p < 0.05.

3. Results and Discussion
3.1. B. megaterium BMBF’s Bioflocculant Yield

The recovered yield of the bioflocculant from Bacillus megaterium BMBF was 3.013 g/L.
The findings matched the yields of other Bacillus strains such as Bacillus velezensis 40B [33]
and Bacillus subtilis UPMB13 [34], which gave the yields of 3.2 and of 3.02 g/L, respectively.
The yield was slightly higher than that of Bacillus licheniformis (2.94 g/L) [35]. However, it
was lower than the yields of 10 and 16.55 g/L obtained from Bacillus firmus and Bacillus
licheniformis, respectively [36]. Nevertheless, in summary, the up-scaling of the bioflocculant
production by B. megaterium BMBF using appropriate settings is essential for its application.
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3.2. Chemical Components

A quantitative study of the components of the biopolymer was performed using
different standard methods. The bioflocculant was composed mainly of uronic acid (61%)
and the protein content was the least (12%) (Table 1). The high quantity of uronic acid
was indicative of the high number of acidic polysaccharides within the bioflocculant.
Similar results were recorded in the literature, where the bioflocculant synthesised by
Bacillus firmus was composed mainly of acidic polysaccharides [37]. The high quantity of
carbohydrates (neutral sugar and acidic carbohydrates) implied that the carbohydrates were
the predominant active constituents during the flocculation process [38]. Moreover, the
presence of carbohydrates and proteins also confirmed the bioflocculant to be a glycoprotein
biopolymer [39].

Table 1. Constituents of the bioflocculant from B. megaterium BMBF.

Components Composition (%) (w/w)

Proteins 12
Carbohydrates 27

Uronic acid 61

3.3. Characterisation of the Bioflocculant

Figure 1 displays the structural images of the (a) flocculant, (b) kaolin clay and (c)
flocculated kaolin clay. The biopolymer (bioflocculant) revealed a longitudinal structure.
The kaolin clay particles showed amorphous shape and were uniformly scattered. The
kaolin particles that were flocculated by the bioflocculant appeared clustered together,
indicative of the formed flocs. The bioflocculant’s configuration might be responsible for its
flocculating efficacy. Tsilo et al. [40] observed similar findings where the flocculated kaolin
particles appeared clustered together.
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The elemental analyser revealed the bioflocculant to have different elements, mainly
C (61%), followed by O (17.5%) and P (8.1%). K was the least constituent (0.5% w/w)
(Table 2). The concentrations of C and O were high because of the fact that these elements
are the building blocks of the bioflocculant’s backbone structure [41]. Moreover, the high
percentage composition of C further confirmed the presence of carbohydrates while the
least presence of nitrogen (1.1%, w/w) affirmed the low content of proteins. Moreover, the
presence of C and N generally confirmed the bioflocculant to be a glycoprotein molecule [34].
Similarly, the bioflocculant from Bacillus megaterium MW386824 was mainly composed of C
and O [42].

The functional structures of the bioflocculant were analysed by using FTIR equipment.
The absorptive frequency, 3267 cm−1, corresponded to the vibration of OH or NH (Figure 2).
The frequency 1646 cm−1 was distinctive of the symmetrical or antisymmetrical vibration
of the carboxylate group [43]. The frequencies at 1053 and 1160 cm−1 revealed the stretches
of C-N and C-H, respectively. These functional components served as the binding areas
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of kaolin [33]. Moreover, the FTIR spectrum further suggested the bioflocculant to be a
glycoprotein biomolecule. The findings were comparable to those noted in other studies
where the hydroxyl, amine and carboxyl groups were the effective structures [44,45].

Table 2. The elemental composition of the bioflocculant as illustrated by EDX analysis.

Elements Composition (%) (w/w)

Potassium 0.5
Oxygen 17.5

Nitrogen 1.1
Carbon 61

Magnesium 2.8
Chlorine 0.9

Phosphorus 8.1
Sodium 1.7
Calcium 6.4
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The thermogravimetric assay was used to investigate the pyrolysis chracteristics of
the biopolymer. The first loss of weight (8%) was noted at 50 to 130 ◦C (Figure 3). The
reduction in weight was attributed to the loss of the water content. The water content was
derived from the functional components such as the carboxyl and hydroxyl [46]. Further
weight loss was observed at 200 to 800 ◦C. The loss was credited to the dissociation of
bioflocculant structure due to high temperatures. At 800 ◦C, about 58% of the bioflocculant
residue was obtained. The obtained results affirmed the thermal stability of the biopolymer.

3.4. Impact of Dosage and Metal Ions

The dosage effect of the extracted biopolymer on flocculation was evaluated. The
biopolymer displayed the peak flocculation (95%) at the least dosage and revealed the
lowest activity (92%) at 0.8 mg/mL. However, there were no differences (p > 0.05) in the
activities shown by all used concentrations (Table 3). The decline in the flocculating ca-
pability with the increase in the dosage was owed to the formation of the high viscosity,
which hindered the interaction between the effective structures of the biopolymer and
kaolin [47,48]. The profound activity at the low dosage size of the bioflocculant implied its
economic advantage. Our observations contrasted those reported by Makapela et al. [49],
where the flocculating activity of the bioflocculant produced by Bacillus pumilus was max-
imum (96.5%) at the low dosage of 0.1 mg/L. However, they were in conformity with
those observed by Cosa and Okoh [50], where the dosage size of 0.2 mg/mL revealed the
maimum flocculation.
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Table 3. Impact of dosage, metal ions, pH and temperature on the flocculation.

Dosage
(mg/mL) %FE ± SD Metal Ions %FE ± SD pH %FE ± SD Temperature

(◦C) %FE ± SD

0.2 95 ± 2.0 a Na+ 59 ± 2.3 a 3 89 ± 1.3 a 50 98 ± 0.0 a

0.4 93 ± 1.5 a K+ 75 ± 3.4 b 4 89 ± 3.1 a 60 98 ± 1.0 a

0.6 93 ± 2.5 a Li+ 91 ± 0.6 c 5 89 ± 2.5 a 70 96 ± 1.5 a

0.8 92 ± 1.3 a Mg2+ 72 ± 3.4 b 6 90 ± 2.0 a 80 96 ± 2.0 a

Mn2+ 69 ± 0.6 b 7 99 ± 0.5 a 90 93 ± 0.2 a

Ba2+ 95 ± 1.5 c 8 95 ± 1.0 a 100 89 ± 0.5 a

Ca2+ 96 ± 6.1 c 9 93 ± 0.5 a

Fe3+ 82 ± 2.8 b,c 10 92 ± 0.5 a

Control 71 ± 1.0 b 11 92 ± 2.1 a

FE illustrates flocculating efficiency and SD represents standard deviation. The letters represent statistical
differences at p < 0.05.

The influence of metal ions on flocculation was assessed. The subsequent addition of
Li+, Ca2+ and Ba2+ into the bioflocculant solution led to an improvement in the flocculating
rate, while the addition of Na+ led to the decrease in the flocculating performance. Ca2+

gave the peak flocculating efficiency of 96%; however, the activity was statistically equal to
those obtained when Li+ and Ba2+ were utilised (Table 3). This implied that, of Li+, Ca2+ and
Ba2+, any of the three metal ions could be used during the application of this bioflocculant,
as they effectively neutralised and stabilised the charges of the functional structures of
the kaolin and the biopolymer, consequently leading to an improved flocculation process.
Our observations aligned with the discoveries by Agunbiade et al. [51], in which Ca2+

effectively stimulated the rate of flocculation.

3.5. pH and Thermal Stabilities of the Bioflocculant

Table 3 illustrates the pH stability of the flocculant. The biopolymer was active
within an extensive pH range (3–12), giving flocculating efficiencies above or equal to
89% (Table 3). The pH of solutions tends to alter the charge status of biopolymers and the
structural profiles of colloids, consequently affecting flocculation rate [52]. Therefore, the
profound efficacy of the bioflocculant within the wide pH range further affirms its economic
friendliness, as it could cut costs of adjusting pH during its application. He et al. [53] also
recorded that the bioflocculant from Halomonas sp. V3a attained maximum activity at
pH 7. The characteristics of the bioflocculant under heat treatment are illustrated in
Table 3. More than 85% residual flocculation was retained after exposure to heat at varied
temperatures. It should be noted that there were no significant differences (p > 0.05) in
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flocculation at all tested temperatures. Therefore, the bioflocculant was as classified as
being heat-stable. The thermal stability was credited to the high content of polysaccharides.
Generally, bioflocculants rich in polysaccharides are known to be more heat-stable in
comparison to the protein-rich ones. The results were in agreement with those of the
bioflocculant from Arcuadendron sp., which showed thermal stability under exposure at
different temperatures [54].

3.6. Cytotoxicity

The MTT technique was utilised to estimate the bioflocculant’s cytotoxicity. The neg-
ative control (0.1% DMSO) had 100% cell viability. The bioflocculant revealed a higher
level of cytotoxicity against bovine dermis cells (IC50 of 59 µg/mL) compared to Vero cells,
which displayed IC50 of 240 µg/mL. The standard drug (5-fluorouracil) demonstrated the
most cytotoxic in comparison to the bioflocculant on both cell lines (Table 4). Microbial
bioflocculants are considered to be cytotoxic when they display IC50 < 30 µg/mL [55].
Therefore, the bioflocculant from B. megaterium BMBF is safe for use, as it revealed insignifi-
cant cytotoxic effects on both cells. It was therefore concluded that the bioflocculant from
B. megaterium BMBF can be utilised without posing any health risk. Our findings confirmed
those obtained in other studies where the bioflocculants were found to be nontoxic [45,56].

Table 4. IC50 (µg/mL) of the flocculant on two cells (bovine dermis and Vero cells).

Sample Bovine Dermis Vero

Bioflocculant 59 ± 0.8 240 ± 2.0

5-fluorouracil 15 ± 0.5 25 ± 4.8

3.7. Reduction of Pollutants in Wastewater

Table 5 presents the reduction efficiencies of the tested flocculants (bioflocculant,
aluminium chloride and ferric chloride) on the pollutants from coal mine wastewater from
the local coal mine wastewater treatment plant and domestic wastewater from East Rand
Wastewater Treatment Plant. Prior to the treatment, the BOD and COD of the wastewater
from the local coal mine were 6.4 and 1557 mg/L, whereas Erwat wastewater had 85 (BOD)
and 1240 (COD) mg/L, respectively. There was 99.3% BOD and 97% COD reduction noted
when the bioflocculant was used to treat the coal mine wastewater. Moreover, the reduction
efficiencies of 99.2% (COD) and 93% (BOD) by the bioflocculant were observed on the
domestic wastewater. The removal efficiencies of the bioflocculant were corporately similar
(p > 0.05) to those observed when the conventional flocculants (aluminium chloride and
ferric chloride) were used. The profound reduction ability of the bioflocculant on the
tested pollutants was accredited to the occurrence of the revealed functional components
of the bioflocculant. Our findings were consistent with the results obtained where the
bioflocculants effectively reduced pollutants in solutions [38,56].

Table 5. %RE of the bioflocculant from B. megaterium BMBF in comparison to other flocculants.

Flocculants
Local Coal Mine Wastewater Erwat Wastewater

COD BOD COD BOD

Bioflocculant 97 ± 0.3 a 99.3 ± 2.0 a 99.2 ± 3.3 a 93 ± 2.6 a

Aluminium chloride 92 ± 2.3 a 95 ± 1.8 a 97.2 ± 0.6 a 80± 1.3 a

Ferric chloride 93 ± 1.0 a 96 ± 0.3 a 98 ± 1.3 a 84 ± 0.4 a

The letter (a) represents statistical insignificance (p > 0.05).

4. Conclusions

The goal of the present study was to produce, characterise and apply the bioflocculant
from B. megaterium BMBF. B. megaterium BMBF yielded the maximum bioflocculant of
3.02 g/L. The results affirmed the bioflocculant as a glycoprotein biopolymer, with uronic
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acid as the dominant component. It revealed three predominant functional groups. The
bioflocculant also demonstrated a broad pH stability, with the maximum flocculation being
observed at pH 7. The bioflocculant is safe to use, as it revealed no cytotoxic effect on the
tested cell lines. After treating the domestic and coal mine wastewater, the bioflocculant
demonstrated significant flocculating abilities with COD and BOD reduction efficiencies
above 90%. The observed characteristics and flocculating capabilities of the biofloccuant
indicate its potential application in wastewater treatment. For future studies, the use of
cost-effective substrates, the evaluation of genes responsible for bioflocculant production,
scaling up and other industrial applications are important.
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