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This study involved isolation of  bioflocculant producing bacteria from soil and waste water. The isolates were 
tested for flocculation activities and those deemed fit were identified and the optimal environmental conditions 
for bioflocculant production were also determined. Samples were collected from oil-contaminated soil in 
Redeemer's University and fermented maize waste water. Microbial isolation was done using standard 
microbiological methods and identification was done using morphology, biochemical and molecular method 
with universal primer for 16SrRNA gene. Environmental conditions (pH, Temperature and cations) and media 
composition (nitrogen and carbon sources) were altered to optimize bioflocculant production and activities. 
Percentage flocculating activities were determined and calculated using standard method. We also adjusted 
revolution rate and standing time to determine the optimum conditions for flocculation activities. Two 
bioflocculant producing isolates (Bacillus cereus and Lysinibacillus fusiformis) from oil-polluted soil and two from 
fermented maize waste water (Bacillus thuringiensis and Bacillus tropicus) were obtained. Neutral pH, temperature 

oof  30 C and inclusion of  CaCl  were the best conditions for bioflocculant production in all isolates except for 2

Lysinibacillus fusiformis which was best with acidic pH condition. Maltose as the carbon source was the best for all 
isolates except Bacillus thuringiensis (fructose) and ammonium was the best nitrogen source for all isolates except 
Bacillus cereus (peptone). Although condition III showed optimum condition for flocculation activities, the 
percentage activities were generally lower than normal condition. The highest percentage flocculating activities 

oof  98% were by Bacillus cereus and Bacillus tropicus at 30 C, neutral pH and 1% (w/v) CaCl salt with soluble starch 2 

and maltose as their carbon source respectively. These bacteria can be exploited for their use as flocculants in 
water treatment. 

Keywords: Agro-residues; Bio-friendly; Bioflocculant; Contaminated soil; Optimization

ABSTRACT

201Ife Journal of Science vol. 22, no. 2 (2020)

INTRODUCTION
Water is an abundant resource in nature (Gbaruko 
et al., 2008) but useable water is inadequate. 
Treatment of  water is of  necessity in order to 
achieve the quality of  water needed for particular 
uses. Flocculation, among other types of  
treatment procedures, is a necessary phase in 
water treatment in which insoluble and suspended 
substances are removed by using flocculants. 
Flocs of  these insoluble substances settle down 
resulting in the clarity of  the water. The 
commonest flocculants used in water treatments 
are synthetic chemical agents of  inorganic and 
organic origin; they are efficient, economical and 
readily available. However, health and 
environmental  concerns are raised as 
investigations have incriminated most chemical 
flocculants as disease causing agents (Salehizadeh 
and Shojaosadati, 2001; Zhou et al., 2017). 

Treatment of  water for food processing, 
biotechnological processes, portable water 
production and wastewater treatment (Seo et al., 
1997; Zhang et al., 1998; Salehzadeh and 
Shojaosadati, 2001) are common industrial 
procedures which involve the use of  flocculation 
/ coagulation. Production of  portable water for 
example involves the use of  chemical flocculants 
such as polyaluminum chloride (PAC) and 
aluminum sulfate (AS) because they are cheap and 
efficient. However, aluminium has been 
incriminated with Alzheimer and Parkinson 
diseases (Polizzi  et al., 2002). Polyacrylamide and 
aluminium have been reported as neurotoxic and 
carc inogenic  agents  (Sa lehizadeh and 
Shojaosadati, 2001; Shih and Van, 2001). These 
challenges make it imperative for safer alternatives 
to be sourced hence the ongoing search for 
flocculating agents such as bioflocculants. 
Bioflocculants have no known health risk, they are 
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biodegradable and are environmentally friendly 
thus their use have attained a very huge 
biotechnological attention recently (Zaki et al., 
2013).

Bioflocculants are natural flocculants having a 
plant, animal or microbial origin. They may be 
composed of  polysaccharide, proteins, lipids, 
lipoproteins and lipopolysaccharides; flocculation 
by them involves the polymer chain sticking to 
multiple particles making an aggregate large 
enough to settle down. Several groups of  
microorganisms such as algae, bacteria, 
actinomycetes and fungi, have been reported to 
produce bioflocculants (Takagi and Kadowaki, 
1985; Zhang et al., 1998; Huang et al., 2014). 
Microbes, especially bacteria are versatile, have 
shorter generation time and can produce these 
extracellular polymeric materials. The commonest 
bacteria reported to secrete biopolymer 
flocculants are Bacillus sp (Suh et al., 1997; 
Salehizadeh and Shojaosadati, 2001; Deng et al., 
2003). Although bioflocculants are exploited 
industrially, their relative poor efficiency and large 
dosage of  inoculants is a big challenge (Gao et al., 
2006). Carbon sources, nitrogen sources, 
hydraulic conditions and sedimentation time are 
influencing parameters that affect bioflocculant 
production and activities.  Identifying 
thermostable bioflocculant producing organisms 
from various sites and enhancing conditions for 
bioflocculation efficiency / yield has therefore 
become apparent. Hence, optimization of  
bioflocculant production by manipulating factors 
to achieve low cost industrial use remains an 
ongoing search. This study was aimed at isolating 
and identifying bioflocculant producing aerobic 
bacteria from petroleum-polluted soil and 
fermented maize (ogi) waste water and 
determining the optimized conditions for 
flocculation activities of  the bioflocculants 
produced. 

MATERIALS AND METHODS
Sample Collection and Preparation 
One hundred grams of  soil samples were 
collected from diesel contaminated site within 
Redeemer's University Campus (near ACEGID 
generator stand) into labelled sterile containers 
(K) and transported to the laboratory. Also, 50 ml 
of  fermented maize (ogi) effluent sample was 

collected in sterile sample bottles (J). All samples 
were collected in triplicates

Screening for Bioflocculant producing 
Bacteria from Diesel- Contaminated soil and 
Fermented Maize (ogi) Effluent at Various 
Temperatures
Five (5) grams of  each soil sample was suspended 
in 45 ml of  sterile distilled water, stirred for 30 
minutes and aliquot of  1 ml was centrifuged at 400 
rpm for 1 min in a table top micro centrifuge 
(Beckman Coulter, 368826 model). The resulting 
supernatant from the soil samples and 1 ml of  the 
fermented maize effluent were serially diluted 

-7
separately in sterile distilled water up to 10  and 
100 µl of  each diluents was spread on selective 
isolation media (20 g/L soluble starch, 1 g/L 
KNO , 0.5 g/L MgSO .7H O, 0.5 g/L NaCl, 0.5 3 4 2

g/L K HPO .3H O, and 15-20 g/L agar powder). 2 4 2

The agar plates were incubated at different 
o o o otemperatures, 20 C, 30 C, 33 C and 37 C 

respectively for 5 days. Colonies with distinct 
morphological characteristics were sub cultured 
into nutrient agar plate with sterile wire loop and 

o o o o
incubated at 20 C, 30 C, 33 C and 37 C 
respectively for 24 h to obtain pure culture. Pure 
isolates were then sub cultured into 50 ml of  

o o o
nutrient broth and incubated at 20 C, 30 C, 33 C 

o
and 37 C, respectively for 3 days. The flocculating 
activity of  each pure isolate was determined 
according to the method of  Abd-El-Haleem et al. 
(2008). Isolates with flocculating activities of  ≥ 
50% were preserved on nutrient agar slants in 
Bijou bottles with labels KA, KB, JA and JB. They 

o
were stored at 4 C in the refrigerator for further 
experiments. 

Determination of  Flocculating Activity
The broth culture  of  the isolates were centrifuged 
(Beckman Coulter, 368826 model) at 3000 rpm for 
1 min and the supernatant collected for 
flocculating activities as previously described by 
Abd-El-Haleem et al. (2008). Briefly, Kaolin clay (5 
g/L) was used as the solid phase in suspension and 
100 ml of  the suspension was used for each 
experiment in a conical flask. The pH was adjusted 
to 7.0 and 6 ml of  1% (m/v) CaCl  added to the 2

conical flask. 2 ml of  the cell free supernatant 
from broth culture of  each isolate was added and 
then swirled for 1 min and allowed to settle for 5 
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min. The absorbance of  triplicate samples and 
control were measured at 550 nm in a 
spectrophotometer (JP Selecta, SA) and used to 
calculate the % percentage flocculation activity 
and their mean values were determined (Abd-El-
Haleem et al., 2008).

Percentage flocculation activity was calculated 
with the formula:

Morphological Characterization and 
Biochemical Identification of  Bioflocculant 
Producing Isolates 
Isolates from the selective isolation media (20 g/L 
soluble starch, 1 g/L KNO , 0.5 g/L 3

MgSO .7H O, 0.5 g/L NaCl, 0.5 g/L 4 2

K HPO .3H O, and 15-20 g/L agar powder) that 2 4 2

showed ≥ 50% flocculation rate were subjected to 
Gram staining after which morphological 
characterization was done. Other biochemical 
tests were carried out to further identify the 
bioflocculant producing isolates. 

DNA Extraction and Identification of  
Bioflocculant Producing Isolate
Pure colonies of  the isolates with bioflocculation 

activities of  ³ 50% were also sub cultured into 
osterile nutrient broth and incubated at 30 C for 24 

h. Aliquot of  the isolates were used for DNA 
extraction with DNA extraction kit (ZYMO 
RESEARCH) according to the manufacturer's 
instruction. The concentration and quality of  the 
extracted cellular DNA was assessed using a 
Nanodrop spectrophotometer and their fitness 
for further downstream molecular analyses was 
ascertained. 

DNA extracts were amplified targeting 16SrRNA 
gene for molecular identification. DNA 
amplification involved using a final volume of  20 
µl with 2 µl of  DNA extract; each mixture 
consisted of  10 µl Phusion High-Fidelity PCR 
Master mix (Thermo Fisher Scientific), 4 µl of  

 

sterile double distilled water (ddH O), and 2 µl (10 2

mM) universal primers for 16S rRNA genes; 27F 
and 1492R.The PCR amplification was done using 
the following conditions: one cycle of  3 min at 95 
o o o
C; 24 cycles of  10 s at 95 C, 10 s at 50 C, 1 min at 

o o
72 C; and one cycle at 72 C for 5 min with 
modification (Lane, 1991).

Each reaction product was cloned by standard 
ligation process using PJet2.1 vector (Thermo 
Fisher, Scientific) and ligase (Thermo Fisher, 

Scientific). Transformation into DH4a 
competent cells was done and cultured on nutrient 
agar (ampicillin enriched) overnight for further 
colony PCR process (same as the PCR condition 
above). Confirmation of  positive insert was done 
by  reso lv ing  the  PCR product  w i th  
electrophoresis on 1% (w/v) agarose gel with 
ethidium bromide stain. Positive colonies were 
inoculated into 5 ml sterile ampicillin enriched 
nutrient broth. Plasmid isolation was carried out 
on each isolate with Genejet plasmid kit (Thermo 
Fischer,  Sc ient i f i c )  by  fo l lowing the  
manufacturer's instruction. Digestion and gel 
electrophoresis was done to confirm successful 
clones. Sequencing of  plasmids in both directions 
was done using BigDye® Terminator Cycle 
Sequencing Kit (Thermo Fisher) following the 
manufacturer's protocol. The nucleotide 
sequences for the 16SrRNA of  the bacterial 
isolates (JA, JB, KA and KB) were compared with 
other bacteria nucleotide sequences using NCBI 
BLAST tool (Madden, 2013).

Effect of  pH on Flocculating activity of  
Bacterial Isolates
Using pre-determined optimum temperature of  

o30 C and other culture conditions mentioned 
previously (in this study), the pH of  kaolin 
suspension was adjusted  in each flasks ranging 
from pH 4 - 9.5 with either NaOH (0.1 M) or HCl 
(0.1 M) and the flocculating activity was 
determined as previously described above (Abd-
El-Haleem  et al., 2008). 

Effect of  Cations on Flocculating Activities 
of  Bacterial Isolates 
The influence of  cations on flocculating activity 

o
of  the bacterial isolates was determined at 30 C 
and other culture conditions as mentioned 
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previously except that CaCl was substituted with 2 

solutions of  KCl and AlCl  at 1% w/v 3

concentration in the prepared selective isolation 
media. The flocculating activities of  isolates were 
determined as elaborated above (Abd-El-Haleem 
et al., 2008).

Deter mination of  Optimal  Culture 
Conditions and Orthogonal test for Turbidity 
Removal 
Based on preliminary optimum incubation 
temperature, pH and cation for flocculation 
testing earlier obtained, carbon sources (glucose, 
fructose and maltose) and nitrogen sources 
(ammonium, urea and peptone) in the production 
medium were substituted with one another to 
determine the effect of  the various nutrient 
sources. Also, hydraulic condition like the 
revolution rate and standing time for settling were 
adjusted during flocculation activity tests to 
deter mine the opt imal  condi t ion for  
bioflocculation activity. The three conditions 
involved revolution rate of  40 rpm and settling 
time of  280s as condition I (40 rpm/280 s), 
revolution rate of  160 rpm and settling time of  
280s as condition II (160 rpm/280 s) and 

condition I followed by condition II as condition 
III (40 rpm/280 s then 160 rpm/280 s).  

Data analysis
The mean and standard deviation were 
determined statistically using Graphpad Prism 
(8.0) package. The significant difference was at 
P<0.05.

RESULTS
Bacterial Isolates from Diesel-Contaminated 
Site and Fermented Maize Effluent
There were four bioflocculant producing isolates 
from both soil and wastewater samples (KA/KB 
and JA /JB) respectively. Their morphological 
characteristics and biochemical identification 
results are presented in table 1 below. 

Molecular Identification of  Bioflocculant 
Producing Bacteria Isolates 
The closest % identity and % query cover among 
bacteria in the NCBI GenBank for 16SrRNA 
nucleotide sequences of  the bioflocculant 
producing isolates are shown in table 2.  

Table 1: Morphological and Biochemical Identity of  Bacterial Isolates   
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Effect of  incubation Temperature on 
Bioflocculation Activities of  Bacterial 
Isolates
The percentage flocculation activities of  Bacillus 
cereus, Bacillus thuringiensis and Bacillus tropicus were 
best at 30 °C followed by 20 °C followed by 33 °C 
followed by 37 °C but Lysinibacillus fusiformis 
showed best flocculation activity at 30 °C followed 

by 37 °C followed by 20 °C followed by 33 °C 
(Figure 1). All isolates showed flocculation 
activities higher than 50% at 30 °C hence 30 °C 
was chosen as the optimum temperature and used 
for other optimization experiments. There were 
significant differences between the effect of  

o o
incubation temperatures at 30 C and 33 C 

o o
(P=0.03) and at 30 C and 37 C (P=0.001).

Table 2 Molecular Identity of  Bioflocculant producing isolates 

Isolate  
codes  

Sequence 
(Ascension No.)  

% Query Cover  % Identity  Isolates  Identified  

KA  NR112630.1  97  90.63  Bacillus cereus  
KB  MK574987.1  99  98.01  Lysinibacillus fusiformis

JA
 

MK026873.1
 

99
 

97.92
 Bacillus thuringiensis

JB CP041071.1 98 98.34 Bacillus tro picus
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Figure 1: Average Percentage Flocculation Activities of  Bacterial Isolates at Various Temperatures

Effect of  pH on Bioflocculation Activities of  
Bacterial Isolates
The average percentage flocculation activities of  
all isolates (Bacillus cereus, Bacillus thuringiensis and 
Bacillus tropicus) were best at neutral pH (55 ± 4%, 
69 ± 2% and 74 ± 4%, respectively) except for 

Lysinibacillus fusiformis with its best activity at acidic 
pH (54 ± 3%) (Figure 2). Neutral pH was chosen 
as the optimum pH and was used for other 
optimization experiments. There were no 
significant differences in the effect of  incubation 
pH on the activities of  isolates (P=0.88) 
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Effect of  Cations on Bioflocculation 
Activities of  Bacterial Isolates
The percentage flocculation activities ranged 
from 52% to 97% for all isolates and were best 
with CaCl . This was followed by AlCl  and then 2 3

KCl for Bacillus cereus (44 ± 4% and 32 ± 4%, 
respectively) and Lysinibacillus fusiformis (48 ± 3% 
and 12 ± 2%, respectively). However, the 
flocculation activities of  Bacillus thuringiensis and 
Bacillus tropicus with KCl were followed by AlCl . 3

For Bacillus thuringiensis the flocculation activities 
for KCl and AlCl were 34 ± 1% and 20 ± 3%, 3 

respectively and Bacillus tropicus 23 ± 1% and 10 ± 
3%, respectively, as shown in figure 3. CaCl was 2 

chosen as the best salt and was used for other 
optimization experiments. There were significant 
differences between the effect of  CaCl  and KCl 2

(P=0.002) and between the effect of  CaCl  and 2

AlCl  (P=0.01) on the activities of  the isolates.3
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Figure 2: Percentage Flocculation Activities of  Bacterial Isolates under Various pH Conditions 
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Figure 3: Average Percentage Flocculation Activities of  Bacterial Isolates with Various Cations 

Effect of  Carbon Sources on Flocculation 
Activities of  Bacteria Isolates 
The flocculation activities of  the bacterial isolates 
varied based on the carbon sources in their culture 
media. Bacillus cereus, Lysinibacillus fusiformis and 
Bacillus tropicus exhibited the highest flocculation 

activities in maltose enriched culture media (with 
ranges: 84-86%, 93-97% and 96-98%, 
respectively) followed by glucose-substituted 
culture medium with ranges: 76-82%, 92-96% and 
97-99%, respectively. Among these isolates, 
Bacillus tropicus exhibited the best average 
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flocculation activity (98 ± 1%) with maltose as 
carbon source (Figure 4). Fructose-substituted 
culture medium was the least effective culture 
medium except in the case of  Bacillus thuringiensis. 

There were no significant differences in the effect 
of  carbon sources on the isolate activities (P = 
0.16).

Figure 4: Percentage Flocculation Activities of  Bacteria Isolates based on Carbon Sources 
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Effect of  Nitrogen Sources on Flocculation 
Activities of  Bacteria Isolates
Bacterial isolates showed varied flocculation 
activities based on their nitrogen sources. Bacillus 
tropicus exhibited the highest flocculation activities 
in ammonium (91 ± 5%) and urea (90 ± 2%) -
substituted culture, followed by Bacillus cereus (86 ± 

7%) in peptone-substituted culture medium 
(Figure 5). The flocculation activities of  Bacillus 
cereus in ammonium and urea -substituted culture 
were the lowest. There were no significant 
differences in the effect of  nitrogen sources on 
the isolate activities (P = 0.74).

Figure 5: Average Percentage Flocculation Activities of  Bacteria Isolates based on Nitrogen Sources
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Effect of  Hydraulic Conditions on 
Percentage Flocculation Activities
The flocculation activities of  the bacterial isolates 
varied based on changes in hydraulic conditions 
(Figure 6). Bacillus thuringiensis exhibited the 
highest flocculation activities with condition III 

(86 ± 2%) followed by condition I (80 ± 5%). The 
least affected isolate based on changes in hydraulic 
condition was Lysinibacillus fusiformis followed by 
Bacillus tropicus.  There were no significant 
differences in the changes in hydraulic conditions 
on the isolate activities (P=0.19).
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DISCUSSION
Bacillus cereus with soluble starch as the carbon 
source and Bacillus tropicus with maltose enriched 
media in this study showed the optimum 
flocculating activities of  98% at the following 

o
conditions: temperature 30 C, neutral pH and 
CaCl salt inclusion. Busi et al., (2017) and Akinola 2 

and Adebayo (2018) had reported and 
63.1% flocculating activity, respectively by Bacillus 
cereus bioflocculant. Although there has been no 
report of  B. tropicus as a bioflocculation producing 
isolate, Liu et al. (2017) had grouped it as one of  
the species under the B. cereus group. This could be 
why they equally exhibited the same percentage 
flocculating activities as B. cereus in this study. Also, 
L. fusiformis was earlier reported as bioflocculant- 
producing bacteria (Pathak  et al., 2014, 2017; 
Reubah  et al., 2018).

The bioflocculating activities of  B. thuringiensis of  
84% with fructose as the carbon source and 85.6% 
under hydraulic condition III were the findings 
from this study which is not up to the activity of  
93.8% reported in previous studies with B. 
thuringiensis (Wu et al., 2017). The higher 
performance may have resulted from the 

 in bioflocculation activities (Zhou et 
al., 2017), 

The four bioflocculant producing isolates, Bacillus 
cereus and Lysinibacillus fusiformis (from oil polluted 

83.4% 

beef  
extract peptone medium used in their study. Beef  
extract is reported as the best nitrogen source for 
Bacillus subtilis

however, our study did not include beef  
extract as a substitute for nitrogen source.

soil); Bacillus thuringiensis and Bacillus tropicus (from 
fermented maize waste water) from this study are 
from the 
Bacillus cereus, Bacillus thuringiensis and Bacillus 

tropicus
Lysinibacillus fusiformis

Lysinibacillus. Species of  the genus Bacillus are the 
commonest bacteria known to secrete biopolymer 
flocculants (Suh et al., 1997; Salehizadeh and 
Shojaosadati, 2001; Deng et al., 2003). This is 
consistent with the findings of  this study with 
75% bioflocculant- producing isolates being of  
the genus Bacillus.  

CONCLUSION
This study indicates that the best conditions for 
bioflocculant production by Bacillus cereus, Bacillus 
thuringiensis and Bacillus tropicus are neutral pH, 

o
temperature of  30 C with inclusion of  CaCl  salt 2

and ditto for Lysinibacillus fusiformis except for the 
low pH condition. Maltose as the substituted 
carbon source was the best for all isolates except 
Bacillus thuringiensis (fructose) and B. Cereus (soluble 
starch). Ammonium was the best nitrogen source 
for all isolates except Bacillus cereus (peptone). 
Although condition III (40 rpm/280 s then 160 
rpm/280 s) was the optimum condition for 
flocculation activities for all isolates except 
Lysinibacillus fusiformis, the changes in conditions 
were not significantly different. Since Bacillus cereus 
and Bacillus tropicus showed highest percentage 
flocculating activities of  98%, they can be 
exploited as a biofriendly replacement for 
chemical flocculants used in the treatment of  

Bacillaceae family. Three of  them 
(

) are from the genus Bacillus and the other 
( ) from the genus 
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Figure 6: Average Percentage Flocculation Activities of  Bacteria Isolates based on changes in 
Hydraulic Conditions 
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