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Flocculants are utilized in an extensive variety of industrial processes. Consequently at the current study 
a novel bioflocculant (BTEPS) produced by isolated Bacillus tequilensis, was separated and evaluated. 
The bacterial isolate was identified by16S rDNA sequencing, nucleotide sequences were saved in 
GenBank as Bacillus sp with accession number MG940854. Maximum bioflocculant production obtained 
was 8.4 g/L. Partially characterized bioflocculant exopolysaccharide (BTEPS) was characterized. 
Chemical examinations of the purified BTEPS showed that the BTEPS composition was found to be 
80.6% suger, 16% sulphate and 0.26% protein. The monosaccharides composition and molecular 
weight of bioflocculant was analyzed by HPLC analysis. Its constituents were identified as Glucose, 
Galactose, Mannose and Xylose with molar ratio of 3.0:1.0:1.0:1.0. Results show that BTEPS has a high 
molecular weight (1.9234x104 g mol−1) and contains many functional groups that likely contribute to 
flocculation. The flocculant potential of BTEPS was investigated at different concentration. It was 
uncovered that activity expanded in a concentration-dependent way up to a specific farthest point, with 
maximum flocculation of 67.5 % at 0.6 mgml−1 BTEPS concentration. Properties of bioflocculant BTEPS 
was analyzed utilizing kaolin,  cations supplement had different positive effect on the flocculation among 
them, MgCl2 displayed the best performance, as it had high flocculating activity 83.2% whereas the 
presence of Fe3+ didn’t have any influences on the flocculating action. Influences of temperature and pH 
on the flocculation were also examined. Based on a high flocculation eligibility, pH tolerance, thermal 
stability, BTEPS shows potential for industrial application. 
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INTRODUCTION 

The term flocculation is that the process of 
assemblage of microbial cells to make flocks with 
alternative  compounds  illustrate  in  production 
medium (Gao et al., 2006). Bioflocculants are 
known as biopolymers that promote flocculating 
by formation of bridges between them and 
alternative particles leading to the aggregation 
and precipitation of floating particles. Thus, 

bioflocculation could be a straight forward  and 
effective mechanism for the precipitation of 
colloids, suspended solids and broken remains by 
living cells. Flocculants are wide utilized in a 
range  of industrial processes, like drink 
purification, waste water treatment, industrial 
downstream processes, food and fermentation 
industries. (Shih et al., 2001 & Wu and Ye, 2007). 
Flocculating agents are generally classified into 
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three groups: (a) inorganic flocculants, like poly-
aluminum chloride and aluminium sulfate; (b) 
organic artificial flocculants, like poly-acrylamide 
derivatives and (c) bioflocculants.  

Bioflocculants are optional metabolites 
delivered by microorganisms amid their 
development which have gotten considerations 
because of their biodegradability, harmlessness 
and absence of auxiliary contamination from 
corruption degradation intermediates (Makapela 
et al., 2016). Generally, when the suspended 
particles are flocculated into a large floc, they 
settle down, resulting in a clarified solution and 
can easily be removed. Bioflocculants or microbial 
flocculants are biodegradable polymers made by 
several microorganisms (fungi, eubacteria and 
actinomycetes) through fermentation process. 
Bioflocculation could be a dynamic bioprocess 
resulting from extracellular polymers synthesis by 
microorganisms throughout their growth 
(Salehizadeh and Shojaosadati, 2001). 
Bioflocculants secreted naturally from bacteria 
throughout their growth. The most constituents of 
bioflocculants are known as polysaccharide, 
protein, glycoprotein, nucleic acid and some other 
macromolecular compounds (Abdel-Aziz et al., 
2012). Bioflocculant have a few preferences over 
regular synthetic flocculants; this incorporates 
biodegradability, non-poisonous quality to people 
(Adebayo-tayo and Adebami, 2014), Additionally 
environmentally friendly, safety for biological 
communities and more flocculating ability (Yang et 
al., 2012). Recently, bioflocculants have been 
wide attention in research of water treatment; as a 
result of they are biodegradable and safe to the 
health of human (Gao et al., 2009). 

Now a day’s a lot of research paying attention 
on microorganisms screening, chemical structure, 
flocculation mechanism and culture conditions 
(Deng et al., 2005 & Zhao et al., 2013). However, 
High production prices related to comparatively 
expensive substrates confine their applications (Li 
et al., 2003).  It's  important  to search for 
inexpensive  substrates  to decrease the cost of 
production. Bioflocculants, exopolysaccharides 
and different types of biopolymers could be 
synthesized by microorganisms. Polysaccharides 
are known by their cellular site, i.e. extracellular 
polysaccharides, including the EPSs secreted in 
the growth medium and  the capsule associated 
with the cell surface or intracellular (cell wall 
polysaccharides like teichoic acids or 
peptidoglycan) (Zhang, 2013).  

Bioflocculants are able to remove suspended 
particles during their flocculating activity. It has 

been reported that bioflocculant is operative as 
lessening the turbidity of various sorts of industrial 
waste material effluents and in removing heavy 
metals, suspended solids and microorganisms 
(Kurane et al., 1994; Gao et al., 2009 & Lin and 
Harichund, 2011). Despite varied  benefits  that 
chemical or artificial flocculants present, their 
standing has not been favorable  presently  and 
there are considerations on their safety, wherever 
most of high molecular weight is intractable. It is a 
non-disputed evident that monomer of acrylamide 
is not only carcinogenic and neurotoxic however 
additionally non-biodegradable in nature. As, they 
have harmful impact each on flora and fauna 
(Master et al., 1985 &  Kowall et al., 1989). 
Regardless of the viable flocculation performance 
and ease of the counterfeit synthetic low cost of 
the artificial synthetic flocculants, their utilization 
has brought about some environmental harms. 
For instance, Alzheimer’s disease was found to 
induce by aluminum (Arezoo, 2002). Moreover, 
the acrylamide monomer is non-biodegradable in 
the nature in addition to neurotoxicity and 
carcinogenicity. However, bioflocculants formed 
from microorganisms during their growth are 
biodegradable and safe polymers (Deng et al., 
2005(. A bioflocculant produced by Bacillus 
species was evaluated with regards to its 
flocculating efficiency and physiochemical 
properties (Makapela et al., 2016). Be that as it 
may, high production costs joined by low yield 
have been the real downsides to extensive scale 
generation for industrial applications; Accordingly, 
provoking the requirement for promising 
microorganisms with improved bioflocculant 
producing capacity that justify legitimize the 
production costs (Ntsangani et al., 2017). 

In this manner, this study manages with the 
screening and isolation of bioflocculant producing 
bacteria from potter's clay at pottery factories. 
Identification for the most potent isolate by 
morphological, biochemical, physiological 
techniques and as well as 16s rRNA was carried 
out. Characterization of the extracted bioflocculant 
was likewise done, for various auxiliary 
applications. 
 
MATERIALS AND METHODS  
 
Selection of bioflocculant producing strains 

Samples were collected from potter’s clay at 
pottery factories, Old Cairo, Egypt by serial 
dilution and spread plate method using Luria 
Bertani agar (1% tryptone, 0.5% yeast extract, 
0.5% NaCl, 1.5% agar, pH 7) as described by sen 
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et al., (2014). The bacterial isolates were further 
sub-cultured to obtain pure cultures. Pure isolates 
were transferred to agar slants and kept at 4°C for 
further studies. The purified isolates were 
screened for bioflocculant production. Flocculating 
activity was selected and used for further studies. 

Determination of flocculant activity BTEPS           
Flocculant activity BTEPS was carried out 

according to the method described by (Kurane 
and Matsuyama, 1994) with slight modifications. 
In a test tube 4.5 ml of kaolin suspension (5000 
mgL−1) was added to this mixture, 100 μL of the 
test bioflocculant substances was added and 
vortexed for 30 s and allowed to stand for 5 min at 
room temperature (37°C). The absorbance of 
upper phase was measured at 550 nm (A). In the 
control experiment, 100 μL of water instead of 
bioflocculant was added to the suspension with 
rest of the conditions similar as in above 
experiment (B). The flocculant activity (percent) 
was defined and calculated ( N=B-A/B X100 ). 
The activity was expressed as the mean value of 
triplicate determination. 

Identification of screened strain    

Morphological  and physiological 
characterization 

The most potent bacterial strain was identified 
by its morphological, physiological and 
biochemical experiments according to the 
Bergey’s Manual of Determinative Bacteriology 
(Holt, 1986). The identification was confirmed by 
comparing the results of morphological shape, 
Gram's staining, Substrates utilized as sole 
carbon sources, growing tests, (catalase, Starch 
hydrolysis, Voges- Proskauer, Simmon citrate, 
Nitrate reduction test) at 37 ˚C temperature and 
pH7.  

16SrDNA sequence identification 
The extraction of DNA was carried out by a 

DNA extraction Kit and quality was evaluated on 
1.2 % agarose gel, a single band of high Mw DNA 
has been observed. The forward primer was 

5TCCGTAGGTGAACTTTGCGG3 and the 
reverse primer was 

5TCCTCCGCTTATTGATATGC3  (Gardes and 
Bruns, 1993). The PCR amplified was purified to 
remove contaminants. Forward and reverse DNA 
sequencing reaction of PCR amplified was carried 
and then performs 35 amplification cycles at 94°C 
or 45 s, 55°C for 60 s and 72°C for 60 s. DNA 
fragments are amplified about 988 bp in the case 

of bacteria. Include a positive control (E. coli 
genomic DNA) and a negative control in the PCR. 
Sequencing was performed by using Big Dye 
terminator cycle sequencing kit (Applied 
BioSystems, USA). Sequencing products were 
resolved on an Applied Bio-systems model 
3730XL automated DNA sequencing system. The 
forward and reverse 16S rDNA sequence 
obtained were checked for accurate base calling, 
assembled and analyzed using BLAST available 
on NCBI website (http://www.ncbi.nlm.nih.gov). A 
neighbor-joining phylogenetic tree was 
constructed from 1630 bp using the Clustal X 
version 2 with 1000 bootstrap replicates (Tamura 
et al., 2011). 
 
Production of bioflocculant  

A loop full of  Bacillus tequilensis was 
inoculated into a bioflocculant production medium 
with composition of Glucose 20.0, KH2PO4 2.0g, 
K2HPO4 5.0g (NH4)2SO 0.2g, Nacl 0.1g, Urea 0.5g 
and yeast extract 0.5g per liter of deionized water 
and pH was adjusted at 7 (Wang et al., 1995). 
After incubation period for 3 days at 37◦C, cultures 
broth was centrifuged at (8000xg, 15min.) to 
separate the cells and tested for flocculating 
activity. Finally, the isolate with high and stable 
flocculating activity was selected for further 
studies. All experiments were performed in 
triplicates. 

Effect of flocculant concentration 
The purified flocculant was used to estimate 

the effect of flocculant dosage on the flocculating 
activity. Various amounts of purified flocculants 
were added to constant concentration of kaolin 
suspension (5000 mgL−1) at pH 7. A control was 
prepared with distilled water in place of different 
amount of flocculants. The flocculating activity 
was measured and calculated using the 
procedure described above (Yim et al., 2007). 

pH stability of the purified bioflocculant  
Purified bioflocculant was dissolved in a 

suitable volume of deionized water to achieve an 
initial flocculating rate of 67.5 % and divided into 7 
aliquots. The pH of the aliquots was adjusted to 3, 
4, 5, 7, 8, 9 and 10 with 1 M of NaOH or HCl. The 
aliquots were kept at 4 °C for 24h (He et al., 
2004). The flocculating rate was measured at 
room temperature using kaolin suspension as 
described above. 

http://www.ncbi.nlm.nih.gov/
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Thermal stability of the purified bioflocculant  
Purified bioflocculant was dissolved in a 

suitable volume of deionized water to achieve an 
initial flocculating rate of 67.5 % and divided into 7 
groups. were treated at temperatures of 40, 50, 
60, 70, 80, 90 and 100 °C for 1h (He et al., 2004) 
and the temperature dependence was determined 
by measuring the residual flocculating activity for 
kaolin suspension (5000 mgL−1, pH7 at room 
temperature). 

Effect of various cations on flocculating 
activity 

Flocculating properties of bioflocculant 
BTEPS was examined using suspensions kaolin. 
The effects of varied cations on the activity of 
bioflocculant were estimated by using MgCl2, 
FeCl2, NaCl, CaCl2 and AlCl3  when the initial 
BTEPS concentration was 5 mgl-1 (Zheng et al., 
2008 ). 

Bioflocculant exopolysaccharide purification 
Twenty milliliters of crude bioflocculant was 

purified using ethanol (1:2 v/v), where crude 
bioflocculant was poured into 40 mL cold ethanol 
and pH was adjusted to 8.0 using sodium 
hydroxide solution (1%, w/w) with stirring and kept 
for a certain time at 4 ˚C to precipitate the 
bioflocculant. The precipitate was collected by 
centrifugation at 10,000 rpm for 15 min and 
washed by re-dissolving in distilled water. After 
three times repeat such trial, the crude 
bioflocculant was evaporated 2h for dryness to 
remove all water and ethanol under vacuum by a 
rotary evaporator and vacuum drying overnight 
(12 h), and then the purified bioflocculant was 
obtained and  named BTEPS (Sun et al., 2012). 
 

Chemical composition of purified 
bioflocculant 

Composition analysis of the purified BTEPS 
was carried out as follows: five microgram of 
BTEPS was hydrolyzed with 4 mL of formic acid 
(88%) at 105 ˚C for 4 h. The residual of formic 
was removed by evaporation. Excess acid was 
removed by flash evaporation on a water bath at a 
temperature of 40 °C and co-distilled with water (1 
mL × 3) (Sudhamani et al., 2004). Then, the 
hydrolyzed monosugars were dissolved in 
absolute ethanol. The purified hydrolyses mono 
sugars were analyzed by HPLC (Agilate Pack, 
serics1, 200), equipped with Aminex carbohydrate 
HP-87C column (300 × 7.8 mm). Deionized water 

was used as the mobile phase at flow rate 1 
ml/min. Chromatographic peaks were identified by 
comparing the retention times with the respective 
retention times of known standard reference 
material. Retention time and peak area were used 
to calculation of sugar concentration by the data 
analysis of Agilat Packard (Randall et al., 1989). 

Characteristics of bioflocculant 
The sugar content of BTEPS was determined 

according to the phenol–sulfuric acid method 
using a glucose standard (Lu et al., 2005). The 
protein content was determined by the Bradford 
method using a bovine serum albumin standard 
(Bradford, 1976). Sulfate ester content was 
measured using the turbidimetric method with 
sodium sulfate as standard (Dodgson and Price, 
1962). Uronic acid content was determined by the 
carbazole-H2SO4 method using glucouronic acid 
as standard (Filisetti-Cozzi and Carpita, 1991). 

The moleculare weight determination 
The weight-average molecular weight (Mw) 

and number-average molecular weight (Mn) of 
BTEPS were determined on an Agilent 1100 
HPLC system equipped with a RI Detector. The 
BTEPS was dissolved in 2 mL of solvent and then 
it filtrated through a 0.45 µm filter prior to injection. 
The polydispersity index (PI) calculated from the 
Mw/Mn ratio (Jun et al., 2009 & You et al., 2013). 
 

FT-IR spectrum of BTEPS 
The FTIR spectrum of BTEPS was 

determined using a Bucker scientific 500-IR FTIR 
spectrophotometer (Bucker Co., Ettlingen, 
Germany) at a range of 4000–400 cm−1. The 
purified EPS was ground with spectroscopic grade 
KBr powder and then pressed into pellets for FTIR 
measurement (Ray, 2006). 
 
RESULTS  

Bioflocculant producing bacteria Isolation and 
identification 

Forty two bacterial strains were isolated from 
clay poetry (Old cairo region, Egypt). After 
screening, candidates which show bioflocculant 
activity were selected. Strain BT-37 exhibited the 
most elevated flocculating activity to kaolin 
suspension (67.5%) and bioflocculant production 
(8.4 g/L). Therefore, Strain BT-37 was chosen for 
further studies.  
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Table 1.  Biochemical and physiological characteristics of Bacillus tequilensis MMFG37 

Biochemical tests 

Nitrate reduction 
Simmon 
citrate 

test 

Voges- Proskauer 
test 

Catalase test Starch hydrolysis 

+ve +ve +ve +ve +ve 

Carbohydrate fermentation 

Lactose Sucrose Maltose Glucose 

-ve +ve -ve -ve 

 
 
 

 
 

Figure 1. Neighbor-joining phylogeny of Bacillus tequilensis MMFG37 and closely related 
strains. Numbers along branches represent bootstrap values; only values >50% are 
shown.GenBank accession numbers for the16S rDNA sequences used in the tree 
reconstruction are given in parentheses. Bar, 0.005 substitutions per nucleotide. 

Bioflocculant producing bacteria were 
screened rested on colony morphology (mucous). 
BT-37 colonies were cream-colored, smooth, 
sticky and elastic once cultivated on agar 
production medium. It was Gram-positive, Short 
rod-shaped organism positive for catalase, Starch 
hydrolysis, Voges-Proskauer, Simmon citrate, 
Nitrate reduction tests. BT-37 bacteria can utilize 
sucrose only as sole carbon source (Table 1). As 
a result of manual systematic bacteriology, 
physiological and biochemical characteristics 
showed that BT-37 belongs to the genus Bacillus. 
Accordingly, it was to sequence 16S rDNA gene 
amplification and sequencing (Loan et al., 2018), 
where the sequence has been kept in the Gen 
Bank database with accession number 
MG940854. Phylogentic tree in view of 16S rDNA 
sequence was built using the method of neighbor-
joining (Figure 1). The nearly complete 16S rRNA 
gene sequence (1630 bp) of strain MMFG37 was 
compared with the analogous sequences of other 
bacterial strains in GenBank database through 
BLAST. BLAST results indicated that strain 

MMFG37 was most similar Bacillus tequilensis 
(99% similarity). A phylogenetic tree was 
developed by the neighbor-joining algorithm 
(Figure 1). The tree topology, upheld by high 
bootstrap esteems, plainly demonstrated that 
strain MMFG37 is inside the genus Bacilli. In light 
of the 16S rDNA sequence data examination and 
morphological characteristics, BT-37 was 
identified as Bacillus tequilensis MMFG37.  

  

Production of bioflocculant and chemical 

composition 

The bioflocculant production reached its 
maximum (8.4 g/L) crude exopolysaccharide 
(EPS) within 3 days. The major fraction (BTEPS) 
was precipitated by three volume ethanol, then 
collected and lyophilized for further bioflocculant 
activity and structure characterization. Chemical 
analysis showed that constituents of the purified 
bioflocculant are 80.6% total sugar (no uronic 
acid), 16% sulphate and 0.26% protein where, 
BTEPS was mainly a polysaccharide. While 
polysaccharides might contain various neutral 

 KY614074.1 Bacillus sp. (in: Bacteria) strain NRC2 2017 16S ribosomal RNA gene partial sequence

 MG020104.1 Bacillus halotolerans 16S ribosomal RNA gene partial sequence

 KY880976.1 Bacillus subtilis strain G3 16S ribosomal RNA gene partial sequence

 KU945823.1 Bacillus axarquiensis strain NRC G6 16S ribosomal RNA gene partial sequence

 MH371778.1 Bacillus sonorensis strain H5 16S ribosomal RNA gene partial sequence

 KY614073.1 Bacillus sp. (in: Bacteria) strain NRC1 2017 16S ribosomal RNA gene partial sequence

 KU726622.1 Bacillus subtilis subsp. spizizenii strain BU2016 16S ribosomal RNA gene partial sequence

 MF321840.1 Bacillus tequilensis strain JO-17 16S ribosomal RNA gene partial sequence

 JX102497.1 Bacillus subtilis strain M50 16S ribosomal RNA gene partial sequence

 MG940854.1 Bacillus tequilensis strain MMFG37 16S ribosomal RNA gene partial sequence

 KX863524.1 Bacillus velezensis strain MHNK1 16S ribosomal RNA gene partial sequence
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sugar and sulphate groups, which were necessary 
to flocculant  activity.  As BTEPS was treated by 
formic acid 88%, its hydrolyzed analysis by HPLC 
showed that the constituents of neutral sugar 
were glucose, galactose, Mannose and Xylose 
with molar ratio of 3.0:1.0:1.0:1.0, respectively. 
Molecular weight average of BTEPS was 
calculated as 1.9234 x104 g mol−1 by the GPC 
technique. Figure (2) exhibited that BTEPS had a 
symmetrically single sharp pinnacle uncovering 
that BTEPS was a homogeneous polysaccharide. 
Flocculation with high molecular weight bio- 
flocculants include more points of adsorption, 
stronger bridging, and higher flocculating activities 
than with low molecular weight bioflocculants 
(Salehizadeh and Shojaosadati 2001 & Gao et al., 
2006). According to different analysis, purified 
BTEPS powder had a positive response to the 
Bradford test and absorption at 280 nm or 260 nm 
in the UV spectrum, uncovering the presence of 
protein and nucleic acid. As analyzed by m-
hydroxydiphenyl method, the polysaccharide 
contains sulphate and no uronic acid. The 
polysaccharide produced by Bacillus tequilensis 
MMFG17 is different from that produced by other 
Bacillus strains (Li et al., 2003; Liu et al., 2009 & 
Raza et al., 2011).These differences reveal the 
biotechnological potential and species production 
of polysaccharides (Raza et al., 2011).  

Analysis of clarified bioflocculant by FTIR 
To research the characteristics of purified 

BTEPS, it was analyzed for the functional groups 
in bioflocculant spectrums. The FTIR spectrum 
Figure (3) exhibited a broad stretching peak at 
around 3426.89 cm-1 that may be possessed of 
stretching vibration of OH groups (Lian et al., 
2008). Extending vibration band of a weak C–H 
was observed at 1641.58 cm-1 could be attributed 
to C-H. The band at 1116.58 cm-1 corresponding 
to single bond stretching vibration proposes the 
occurrence of OH group and methoxyl group in 
the flocculant. Bands at 1299.76–912.165 cm-1 
could be assigned to the characteristic absorption 
peaks of saccharides. Therefore, hydroxyl (OH) 
groups are present in the bioflocculant molecules. 
The absorption band at 1299.79 cm-1 indicated the 
occurrence of sulfate ester. The absorption at 
912.165 cm-1 indicated the α-glycosidic linkages 
of purified bioflocculant. It could be concluded that 
polysaccharide was the main components of the 
purified bioflocculant and it contains different 
sugar molecules. BTEPS was more than other 
bioflocculants that produced by different 

microorganisms, like Bacillus licheniformis, 
Paenibacillus elgii and Arthrobacter (Li et al., 2003 
and 2009 & Ye et al., 2014). As, some functional 
groups like hydroxy groups and ester linkages 
have been revealed as the preferred groups to 
improve flocculation activities. (Salehizade and 
Shojaosadati, 2001 & Shang et al., 2009), the 
spectrum of BTEPS, indicating an increase in the 
content of hydroxyl groups due to the reduction of 
intermolecular hydrogen bonds (Nelson and 
O’Connor, 1964). On other hand, the abundance 
of hydroxyl groups could make strong attraction 
forces between polysaccharide resulted in higher 
flocculating (Dermlim et al., 1999). It's appeared 
from the spectrum occurrence of hydroxyl, 
methoxyl and carboxyl groups, these groups were 
the favored groups for the flocculation process.  
 
Effect of the bioflocculant concentration 

Figure (4) showed the bioflocculant 
concentration and flocculating activity relationship 
as, the purified BTEPS concentration increased 
from 0.1-0.6 mgml−1, the flocculating activities 
increased. That is due to free functional groups 
number increasing that can act as bridges to carry 
many suspended particles together (Michales, 
1954 & Gao et al., 2006). Maximum flocculating 
rates were accomplished at bioflocculant 
concentration 0.6 mgml−1. Flocculation mainly did 
not increase once the BTEPS concentration 
exceeded more than 0.6 mgml−1. At high 
concentration of BTEPS, the stabilization of 
flocculating activity was very large, due to partial 
dispersal of excess bioflocculant (Suh et al., 1997 
& Zheng et al., 2008).  

Influence of pH and pH stability on efficiency 
of flocculation  

Figure (5) exhibited the pH Influence on the 
flocculation, with the range of pH 3–10 on BTEPS 
at the optimal concentration (0. 6 mgml−1). The 
obtained results showed that BTEPS possessed 
the best flocculating activities (68.98%) according 
to its concentration at pH 8. Despite the fact that, 
bioflocculants produced by different 
microorganisms could achieve high flocculating 
activity (more than 60%) in the pH range of 3 to 9 
this outcome is exciting. In like manner, several 
announced bioflocculants weren't suitable for the 
flocculation in neutral solution. 
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Figure 2. Molecular weight distributions of Bacillus tequilensis MMFG37 polysaccharide (BTEPS) 

 
Figure 3. FT-IR spectrum of purified bioflocculant BTEPS. 

 

 
Figure  4. Effect of the BTEPS concentrations on the flocculating activities in 5000 mgL-1 kaolin 

suspension at pH 7. 
 



Awady et al.,                                                                         Bioflocculant from Bacillus tequilensis MMFG37 

 

    Bioscience Research, 2018 volume 15(4): 3581-3592                                                 3588 

 

 
Figure 5. Effect of pH on the flocculating activities in 5000 mgL-1 kaolin suspension 

 

 
Figure 6. The pH stability of bioflocculant BTEPS 

 
Figure 7. Effect of temperature on flocculating efficiency 
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Figure 8. The thermo stability of bioflocculant BTEPS 

 
Figure 9. Effect of varied cations on flocculating activity in 5000 mgL-1 kaolin suspension

 
The flocculant concentration 0.6 mg/ml (w/v) 

gave the specific best flocculating activity 
(68.98%) at pH 8.0. Beyond pH8, flocculation 
diminished bit by bit. This may be due to 
numerous electric states of bioflocculant at 
several pH levels, which influences the 
flocculation ability of bioflocculant for kaolin 
particles (Yong et al., 2009). The results 
established  the best pH of the flocculating system 
was 7–8 for suspension of crude bioflocculant with 
flocculating kaolin. However, lower flocculating 
activity was obtained in neutral condition (pH 6–
7). While, under alkaline condition (pH 8–11), 
Klebsiella pneumoniae purified MBF-5 sustained 
higher flocculating activity (90–95%) (Zhao et al., 
2013). 

Figure (6) shows that BTEPS was quite stable 
at wide range of pH between 7and 8 and more 
than pH 8 flocculation was decreased. Thus, this 
bioflocculant is suitable to be applied in neutral 
circumstances. While, flocculation rate decreased 
dramatically at pH higher or lower than 8.0. This  

 
may be due to that the bioflocculant shows 
different electric states at different pH and that will 
affect the flocculation ability of the bioflocculant for 
the kaolin particles (Yong et al., 2009).  

Influence of temperature on flocculating 
activity and thermal stability of BTEPS 

As time increase, the purified BTEPS 
possessed maximum flocculating activities within 
the concentration vary from 0.1 to 0.6 mgml-1. On 
other hand, the results of thermo stability for 
purified bioflocculant are competent for water 
treatment industry. The remaining flocculating 
activity was increased at temperatures range of 
40 -60˚C, when the pH of the BTEPS was 8.0 
(Figure 7). Accordingly, the purified bioflocculant 
was thermo stable (Figure 8) and maintained 
more than 96% residual flocculation at the 
temperature range of 50-60 °C, when the pH of 
the bioflocculant was 8.0. The thermal stability of 
this bioflocculant may be as a result of the main 
backbone of BTEPS bioflocculant is a 
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polysaccharide (Lu et al., 2005). Additionally it 
may accomplishe high flocculating activities at 
temperature shift from 30-70°C in pH 8 of kaolin 
suspensions.  

Cations influence on flocculating activity.  
Cations were essential for flocculation 

process to increase flocculating activity by 
neutralizing charges mechanism. Besides, BTEPS 
depending on bridging function groups.Therefore, 
the effects of varied cations on bioflocculant 
activity were estimated using MgCl2, FeCl2, NaCl, 
CaCl2 and AlCl3 with initial BTEPS concentration 
was 5000 mgl -1. Where, kaolin suspensions were 
used to examine flocculating. Figure (9) 
demonstrated the expansion of every cation could 
clearly improve flocculating rate of the suspension 
with the exception of FeCl2. Additionally, the 
bioflocculant activity was increased significantly 
by Bacillus according to the addition of mono and 
divalent cations like K+ and Mg2+. In like way 
negative neutralizing residual charge of functional 
groups were improved the flocculating ability 
using different cations where, cation-dependent 
bioflocculant MS-102 had flocculating ability that 
strongly increased by Ca2+ and Mg2+ (Salehizadeh 
and Shojaosadati, 2002). 

CONCLUSION 
The present investigation, focused on the 

capability of Bacillus tequilensis MMFG37 isolated 
from potter’s clay at pottery factories, Old Cairo, 
Egypt, for bioflocculant BTEPS production. This 
bioflocculant consists principally of polysaccharide 
which is elucidated by its efficient thermo-stability 
over a wide range of temperature; highlight 
forecasts a characteristic feature portends its 
industrial applicability .The active constitutes of 
BTEPS were found to contain  glucose ,galactose, 
mannose ,xylose molar ratio of 3.0:1.0:1.0:1.0 
,respectively. High MWs and numerous functional 
hydroxyl groups exhibit inside BTEPS brought 
about high flocculation efficiency. Albeit 
additionally studies are required, the 
consequences of this investigation recommend 
BTEPS might be valuable for industrial 
flocculation. 
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