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Abstract 

Background  Microorganism bioflocculants are the large molecules released by microbes during growth and lysis. 
Bioflocculants are used in remediation wastewater and are thought to be more environmentally friendly. In the pre‑
sent study, 16 bacteria were isolated from hydrocarbons contaminated soil, sludge, and wastewater from different 
locations (Washing and lubrication stations of Zubair, Qurna, and Jazira, Beach of Shatt Al -Arab, and Al-Shuaiba 
Refinery) in Basrah city, south of Iraq. The isolates were identified by 16S rDNA gene sequencing analysis. All isolated 
bacteria were subjected to a flocculants production test using a mineral salt medium. Bioflocculant activity was deter‑
mined using kaolin clay and enhanced by addition cation (CaCl2).

Result  The results showed that bacterial isolates were under 10 genera (Alishewanella, Stutzerimonas, Pseudomonas, 
Bacillus, Pantoe, Acinetobacter, Escherichia, Exiguobacterium, Franconibacter, Lysinibacillus), and nine isolates were 
recorded as new strains. Besides, the Phylogenetic tree was constructed to evaluate their close relationship and evolu‑
tion between them. Alishewanella sp. was the most diverse and dominant genus among sixteen isolated bacteria. The 
isolates Shewanella chilikensis, Exiguobacterium profundum, and Alishewanella jeotgali were the most effective produc‑
ing bioflocculant, where the flocculation activity recorded at 92.40%, 92.25%, and 91.65%, respectively. The ion Ca2+ 
removes most large molecules and reduces solution absorption from 1.918 (kaolin clay) to 1.258.

Conclusion  The contaminated environments harbor a diverse bioflocculant producing bacteria. The capacity of bac‑
terial genera to produce bioflocculants varies, requiring the selection of optimal bacteria for bioflocculant production 
and their application in water treatment as effective alternatives to synthetic flocculants. The considerable floccula‑
tion activity seen suggests a potential for industrial applications. Moreover, more research on the process parameters 
is required to determine the possibility of large-scale production and to identify a compound responsible for floccula‑
tion activity.
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1 � Background
Freshwater resources are widely regarded as the most sig-
nificant reservoirs worldwide. All living organisms need 
access to clean drinking water to survive [34]. Long-term 
droughts, growing industries, and population growth 
reduce the amount of water. The accelerating growth 
of population, rapid urbanization, agricultural activ-
ity, and industrialization have raised the need for clean 
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water and the production of an enormous quantity of 
waste [4]. Every individual in developing  nations pro-
duces between 30 and 70 mm3 of wastewater annually 
[17]. The range of pollutant concentrations in wastewa-
ter is about 250–1000 mg/l of chemical oxygen demand 
(COD), higher than 109 microbial cells/ml and 350–1200 
mg/l of total solids (including suspended and dissolved 
particles), in addition to heavy metals, and nutrients [46]. 
The discharge of effluent into waterbodies without suffi-
cient treatment may result in detrimental effects on both 
human and environmental health [5].

Techniques for treating wastewater include filtra-
tion, absorption, ion exchange, flotation, sedimentation, 
and flocculation [5]. Flocculation is a straightforward 
and inexpensive wastewater treatment technique that 
includes the agglomeration, separation, and elimina-
tion of suspended matter, particles, and color [16]. Floc-
culants may be divided into three categories: inorganic 
flocculants, such as aluminum sulfate Al2(SO4)3 and poly 
aluminum chloride; synthetic organic flocculants, like 
polyethyleneimine and polyacrylamide byproducts; and 
bioflocculants, like chitosan sodium alginate [23]. The 
wastewater treatment process, low-cost microalgae har-
vest, dewatering of activated sludge, and downstream 
processes of the fermentation industry can be applied 
using flocculant [28, 44].

Microbial bioflocculants are macromolecules released 
by microbes, sometimes producing them at high rates. 
The extracellular bioflocculants are produced from broth 
fermentation. In recent years, microbial bioflocculants 
have received much interest as a possible substitute for 
chemical flocculants [39]. Extracellular polymeric sub-
stances (EPS) bioflocculants are divided into exopolysac-
charides (EPSs), internal polysaccharides, and cell wall 
polysaccharides. They comprise polysaccharides, pro-
teins, lipids, glycoproteins, and nucleic acid. EPSs have 
gained substantial consideration in recent years due to 
their outstanding oxidation resistance, emulsification 
capabilities, and protective ability [13, 18, 24]. It has been 
observed that various microorganisms, such as actino-
mycetes, fungi, bacteria, and microalgae, produced bio-
flocculants. Bacillus sp. is a common bacterium genus 
used in the production of bioflocculants [9].

Bioflocculant-producing bacteria (BPB) are selected for 
their morphology and capacity to generate slimy extra-
cellular polysaccharides with high molecular weight [2]. 
Pacilomyces sp., Nocardia marae YK1, and Rhodococcus 
erythropolis S-I produce protein flocculants, Alcaligenes 
latus KT201 and Bacillus subtilis IFO3335 produce pol-
ysaccharide flocculants while Arcuadendron sp. TS-4, 
Arathrobacter sp., and Bacillus salmalaya 139SI-7 pro-
duce glycoprotein bioflocculants [3, 47]. In wastewa-
ter treatment, many species of bacteria that produce 

bioflocculants were used, including Bacillus nitratiredu-
cens [1], Bacillus licheniformis NJ3 [25], and Bacillus sp. 
DAS10-1 [10].

The treatment of industrial wastewater is a popular 
area of study worldwide, and flocculation is regarded as 
an excellent technique for pollutant removal [42]. Screen-
ing for microorganisms that produce bioflocculants, and 
developing programs for fermentation condition optimi-
zation, may improve the yield of bioflocculants [33, 48]. 
This study aims to identify the biopolymers generated by 
microorganisms through metabolic processes, elucidate 
their interaction mechanisms with environmental con-
taminants in water, and apply them as alternative tech-
niques to synthetic polymers in water treatment.

2 � Methods
2.1 � Collection of samples
Soil, wastewater, and sludge samples were collected from 
seven sites during the three months from November 2022 
to January 2023 Table  1. Soil and sludge samples were 
taken from five sites at a depth of 5 cm using a sterile 
shovel and deposited in sterile containers, and 500 ml of 
wastewater samples were collected. All samples were col-
lected and sent to the laboratory for examination.

2.2 � Isolation of bacteria
Using conventional culture-based techniques, the micro-
bial content of the samples was detected (colony counts 
and numbers of isolates of various colonies). One ml 
of wastewater sample was added to 9 ml of sterile dis-
tilled water, then serially diluted to 10–5 and cultured by 
spreading on Nutrient (Himedia, India) and MacConkey 
agar (Merck, Germany) plates, which incubated at 37 °C 
for 24 h. One gram of soil and sludge samples were acti-
vated by 100 ml of Nutrient broth (Himedia, India) and 
incubated in a shaker for one h. This was then diluted to 
10–7 and cultured, as mentioned previously. The differ-
ent isolates were subcultured using streaking techniques 
on nutrient agar to get pure isolates. Nutrient agar slants 

Table 1  sites of sample collection

Code of 
location

Name of location Type of sample

HA Remediation basins of Al-Shuaiba Refinery Wastewater

HB Al-Shuaiba Refinery Soil

HC Al-Shuaiba Refinery Sludge

HD Washing and lubrication station of Zubair Soil

HE The beach of Shatt Al -Arab Soil

HF Washing and lubrication station of Qurna Soil

HR Washing and lubrication station of Jazira Soil
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were used for storing pure bacteria for a moderately long 
term at 4 °C.

2.3 � Molecular characterization of bacterial isolates
2.3.1 � DNA extraction
The bacterial isolates underwent characterization 
through 16S rDNA gene analysis. Bacterial DNA iso-
lation using the Presto TM Mini gDNA Bacteria Kit by 
Geneaid. Subsequently, the 16S rDNA gene was amplified 
via polymerase chain reaction (PCR) using primers 27F 
(5′-AGA​GTT​TGA​TCC​TGG​CTC​AG-3′) and 1492R (5′-
GGT​TAC​CTT​GTT​ACG​ACT​T-3′). The PCR protocol 
entailed an initial denaturation step at 96  °C for 3 min, 
followed by 27 cycles comprising denaturation at 96  °C 
for 30 s, annealing at 56  °C for 25 s, and elongation at 
72 °C for 15 s, with a final elongation step at 72 °C for 10 
min [30].

2.4 � Identification of bacterial species and analysis 
of the sequence data

The Macrogen company (South Korea) performed 
the purification and sequencing of PCR products. The 
obtained 16S rDNA gene sequences underwent proof-
reading using Chroma’s services. Bacterial species identi-
fication was achieved through the Basic Local Alignment 
Search Tool (BLAST) provided by the National Center 
for Biotechnology Information (NCBI) [27]. The 
sequences were input into the BLAST platform, enabling 
comparison with others to determine bacterial species. 
Furthermore, a phylogenetic tree was constructed using 
MEGA X [26].

2.5 � Determination of bioflocculant activity
Media of bioflocculant production was prepared by dis-
solving glucose C6H12O6 20g(Himedia, India), potassium 
dihydrogen phosphate KH2PO4 2 g(Himedia, India), 
dipotassium phosphate K2HPO4 5 g (Thomas Baker, 
India), ammonium sulfate (NH4)2SO4 0.2 g (Merck, Ger-
many), sodium chloride NaCl 0.1 g (Himedia, India), 
urea CH4N2O 0.5 g (Himedia, India), magnesium sulfate 
MgSO4 0.2 g (Hopkin and Williams, England), and yeast 
extract 0.5 g (Himedia, India), in 1  L of distilled water. 
The medium was autoclaved at 121 °C for 15 min. Biofloc 
production media 100 ml was inoculated with bacterial 
isolate 5% and incubated in a shaker at 150 rpm, 37 °C for 
72 h. The production media of 10 ml was centrifuged at 
8000 rpm for 10 min to separate bioflocculant from bac-
teria. Two ml of supernatant, 3 ml of CaCl2 1% (Riedel De 
Haen Ag Seelze Hannover, Germany), and 100 ml of kao-
lin clay 4 g/l (Himedia, India) were mixed at 200 rpm for 
2 min, then at 100 rpm for 5min. The best bioflocculant 
performance was obtained from the highest flocculation 
activity using a spectrophotometer [50]. The following 

equation was used to compute the flocculating activity: 
A% =

A−B

A
× 100% , where (A) the control and (B) sample 

optical density measured at 550 nm.

2.6 � Effects of cation on the flocculating activity 
of bioflocculant

The influence of cation on the flocculation activity of bio-
flocculant was studied by adding CaCl2 at a concentra-
tion of 1%. Flocculating efficiency was also measured by 
spectrophotometer in the same manner as described in 
the section above [45].

3 � Results
3.1 � Isolation and identification of bacterial isolates
In the present study, 16 bacterial isolates were isolated 
from an environment contaminated with hydrocarbons 
from Al-Shuaiba Refinery, Washing and Lubrication Sta-
tion, and the beach of Shatt Al -Arab in Basrah City. The 
Gram staining results showed that Gram-negative bacte-
ria were the predominant 75% compared to Gram-posi-
tive 25%, Fig. 1.

The particular amplification of 16S rDNA gene 
sequences was examined in all isolates. When using a 
set of universal primers, 27 F and 1492R, PCR ampli-
fication of 16S rDNA produced a single amplifica-
tion of around 1500 bp for each strain. The strain’s 
whole DNA was amplified to create a 16S rDNA frag-
ment, partially sequenced later, the isolates’ sequences 
were verified and edited using BioEdit, and the modi-
fied sequences were examined using BLAST online 
(In line with NCBI’s alignment). After alignment with 
other 16S rDNA sequences, the degree of similarity 
of isolates was 98.5–100% to the reference strain. The 
results showed that bacterial isolates were under 10 
genera (Alishewanella, Stutzerimonas, Pseudomonas, 
Bacillus, Pantoe, Acinetobacter, Escherichia, Exiguo-
bacterium, Franconibacter, Lysinibacillus). Three out 
of these isolates were under the genus Alishewanella 

75%

25%

 gram Negative gram postive
Fig. 1  The percentage of bacteria isolated from contaminated sites. 
Most of the bacteria isolated from environments contaminated 
with oil hydrocarbons were gram-negative
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(Alishewanella agri, Alishewanella aestuarii, Alish-
ewanella jeotgali) also the genus Stutzerimonas (Stutze-
rimonas stutzeri, Stutzerimonas balearica strain 
IMB16-137, Stutzerimonas balearica strain IMB16-
093). Two species of Bacillus paramycoides were also 
identified (Table 2).

Figure  2 depicts the phylogenetic tree illustrating the 
relationships between the selected 16 different strains of 
contaminated environment.

Of these 16 strains, nine novel strains were added to 
the GenBank database and assigned the accession num-
bers, Table 3.

Table 2  BLAST analysis of bacterial isolates’ 16SrDNA gene sequences

Samples Isolates code Closet specie Identity % Accession no

HA HA1 Stutzerimonas stutzeri strain IRQNWYF2 100 MT261835

HA2 Alishewanella agri strain ZJY-583 99.42 KP282808

HA3 Alishewanella aestuarii B11 98.5 NR_044344

HA4 Bacillus paramycoides strain 3664 100 MT538528

HB HB1 Exiguobacterium profundum strain SSPZ15 100 MT353657

HB2 Stutzerimonas balearica strain IMB16-093 100 MG190658

HB3 Pantoea alhagi 99.93 MW296119

HC HC1 Shewanella chilikensis strain YZF-10 99.93 ON365757

HC2 Acinetobacter oryzae strain WC13 100 MW296119

HC3 Alishewanella jeotgali KCTC 22429 99.35 NR_116459

HC4 Pseudomonas oleovorans subsp. oleovorans JCM 5968 99.72 LC462171

HD HD1 Franconibacter daqui strain L17 99.80 OK509193

HD2 Lysinibacillus boronitolerans strain Mix24 100 MH385002

HE HE1 Stutzerimonas balearica strain IMB16-137 99.86 MG190736

HF HF1 Bacillus paramycoides strain 3664 99.72 MT538528

HR HR1 Escherichia coli strain EcSa193 100 OR261008

Fig. 2  The NJ phylogenetic tree construction method illustrated the evolutionary relationships among bacterial isolates
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The 16 BPB isolates were screened in the present 
study using kaolin clay suspension. All isolates’ floc-
culating activity (FA) ranged from (15.4–92.4) %, 
Fig. 3. The effect of CaCl2 on kaolin clay in water was 
recorded. The absorption measurement shows the 
reduction in solution absorption from 1.918 (kaolin 
clay) to 1.258 after adding 3 ml of CaCl2 to kaolin clay, 
Fig. 4. The ion Ca2+ removes most large molecules.

Most BPB isolates showed a high flocculating activ-
ity, Fig.  5. The most effective isolate was Shewanella 
chilikensis strain YZF-10 (92.4%), followed by Exiguo-
bacterium profundum strain SSPZ15, Alishewanella 
jeotgali KCTC 22429, Stutzerimonas balearica strain 
IMB16-093 and Stutzerimonas balearica strain IMB16-
137 (92.25, 91.65, 68.84 and 60.1)%, respectively.

4 � Discussion
Microorganism resources are available in nature and 
include many advantageous biological features. Microbes 
develop compounds or processes to live in various envi-
ronmental conditions, including severe salinity, high 
pressures, and very low temperatures [8]. Enzymes, pep-
tides, and polysaccharides are metabolites that contrib-
ute to microbial adaptation and defensive mechanisms 
[35]. Alyousif [7], refers to bacteria as one of the most 
extensively studied bacteria in industrial biotechnology 
because of their enzymes. The results showed that Gram-
negative bacteria were the predominant (75) % compared 
to Gram-positive (25) %. The result agreed with previous 
studies. Obi et  al. [31] refer to Gram-negative bacteria 
outnumbered Gram-positive bacteria among the isolated 
genera, which included Klebsiella, Pseudomonas, Myco-
bacterium, Bordetella, Pusillimonas, Brucella, Bacillus, 
Achromobacter, Ochrobactrum, Advenella, Mesorhizo-
bium, and Raoultella. Among the 21 bacterial isolates, 

Table 3  The bacterial isolates were identified as novel bacterial strains

Code of samples Isolates code New bacterial strains Identity % Accession no. 
of new strain

HA HA2 Alishewanella agri strain HAQ15 99.42 OR885475

HA3 Alishewanella aestuarii strain HAQ17 98.5 OR890432

HB HB3 Pantoea alhagi strain HAQ11 99.93 OR885473

HC HC1 Shewanella chilikensis strain HAQ 99.93 OR885468

HC3 Alishewanella jeotgali strain HAQ8 99.35 OR885471

HC4 Pseudomonas oleovorans strain HAQ9 99.72 OR885472

HD HD1 Franconibacter daqui strain HAQ26 99.80 OR890434

HE HE1 Stutzerimonas balearica strain HAQ25 99.86 OR890433

HF HF1 Bacillus paramycoides strain HAQ36 99.72 OR890435

Fig. 3  Flocculation activity of bacterial isolates. In this experiment, the bacterial supernatant of sixteen bacteria was used with an additive 
CaCl2 to remove kaolin clay from water. Most of the bacteria could flocculate kaolin clay. Three genera of isolates achieved flocculation activity 
and reached more than 90%
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7 (33.33%) were identified as Gram-positive bacteria. In 
contrast, 14 (66.66%) were identified as Gram-negative 
bacteria [6].

The results showed that bacterial isolates were under 
10 genera (Alishewanella, Stutzerimonas, Pseudomonas, 
Bacillus, Pantoe, Acinetobacter, Escherichia, Exiguo-
bacterium, Franconibacter, Lysinibacillus). Three out of 
these isolates were under the genus Alishewanella (Alish-
ewanella agri, Alishewanella aestuarii, Alishewanella 
jeotgali) also the genus Stutzerimonas (Stutzerimonas 
stutzeri, Stutzerimonas balearica strain IMB16-137, 
Stutzerimonas balearica strain IMB16-093). Two species 
of Bacillus paramycoides.

The research results are compatible with many pre-
vious studies, such as Basheer et  al. [11], who isolated 
Acinetobacter sp., Moraxella sp., Bacillus sp., Vibrio sp., 
and Alcaligenes sp. from soil contaminated with diesel. 
Another study was done by Cheng et  al. [14], who iso-
lated Alishewanella sp. from seawall muddy water. The 
Exiguobacterium profundum that tolerated the stress of 
heavy metals was isolated from industrial cities in a study 
made by [37]. Moreover, Shewanella seohaensis was iso-
lated from hydrocarbon contaminated soil in a study by 
Ram et  al. [36]. Furthermore, Biswas et  al. [12] studied 
the Acinetobacter and Exiguobacterium isolated from 
Petrochemical wastewater. Last but not least, another 
study by Ogunlaja et  al. [32] investigated the biofloccu-
lant producing Lysinibacillus fusiformis isolated from 

oil-polluted soil. Identifying novel microorganisms with 
high bioflocculant production capabilities from uncon-
ventional environments, such as crude oil refineries, is 
crucial for improving the efficiency of existing biofloccu-
lants, predominantly in these environments [49].

Flocculation is a cheap and simple method for treating 
wastewater [16]. The polymerization of many particles is 
called the flocculation process [21], which uses floccu-
lants to aggregate, separate, and remove color, particles, 
and suspended solids [19].

Kaolin clay manufacture is a significant mineral indus-
try. It is utilized in several sectors, including coating 
pigments, cement, chemicals, paint, rubber, paper filler, 
and ceramics. In addition, it acts as an extender in water-
based substances such as paint and ink and a useful addi-
tion that can enhance the properties of the substance, 
for which it creates a constant dispersion. Kaolin clay is 
a common yet difficult material used in hydrometallur-
gical,  mineral processing operations, and waste tailings 
treatment [43].

Kaolin’s colloidal size, permanently negatively charged, 
and anisotropic structure of basal sides make it difficult 
to settle and consolidate. When diffused in water, it may 
form a muddy suspension [43]. Kaolin’s floc structures, 
generated by flocculant-assisted gravity thickening, can 
retain substantial water due to interfacial chemistry and 
particle interaction, making dewatering challenging [29]. 
The clay processing sector has difficulty removing clay 

Fig. 4  A kaolin clay B kaolin clay and CaCl2. The figure shows the effect of CaCl2 on removing large clay particles from water and roles 
on flocculation activity
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particles from liquid waste before they are released into 
the ecosystem [15].

Most BPB isolates showed a high flocculating activity. 
The current results agreed with the study of Al khafaji 
et  al. [6], which isolated Exiguobacterium profundum 
with flocculant activity at 88%. Shinde and Jadhava, [41] 
isolated S. stutzeri with high flocculant activity. Biofloc-
culants contain negatively charged groups like amines, 
uronic acids, and carboxylic groups. Ca2+ neutralizes 
groups within the bioflocculant, making it more posi-
tive and facilitating the flocculation of negatively charged 
kaolin clay particles [45].

The bioflocculant’s amino and carboxylate groups 
promote its adsorption on clay surfaces, forming floc. 
This demonstrates that Ca2+ stimulates the biofloccu-
lant. Flocculation is generated by adding cations, which 
reduces charge density and causes inter-particle bridg-
ing between kaolin particles. The capacity of Ca2+ to 
compress the charged dual layer of kaolin clay particles 

reduces electrostatic repulsion, leading to a partial loss 
of particle stability. It is reasonable to believe that cati-
ons support flocculation by stabilizing and neutralizing 
the remaining negative charges of the carboxyl groups 
of acetic, pyruvic, and uronic acids in an acidic poly-
saccharide that forms a bridge between kaolin particles 
[38].

Ca2+ is thought to be a stimulating factor for most 
extracellular polysaccharide bioflocculants. Bridg-
ing mediated by Ca2+ ions was regarded as one of the 
key flocculating processes [22]. Han et al. [20] showed 
that adsorbed active sites on the molecules of floccu-
lants allow colloidal particles to be adsorbed on them. 
Charge attraction results from the attraction of hydro-
gen and electronegative atoms when the charges car-
ried by the molecules of flocculants and contaminants 
are opposite. The adsorption happens at effective 
attachment sites rather than across the whole molecule 
chain [40].

Fig. 5  A Kaolin clay, B kaolin clay, CaCl2, and supernatant of bacterial isolates. The beaker marked with (c) is a control containing kaolin clay 
and CaCl2
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5 � Conclusions
The current study came up with the following conclu-
sions: First, the bacteria were isolated from different 
contaminated locations in Basrah city. Second, the pre-
dominant bacteria were Gram-negative, and the genetic 
identification showed 10 genera with nine recorded 
new strains. Third, the genera of Alishewanella and 
Stutzerimonas were superior to other genera in the 
sense that most bacterial isolates can produce biofloc-
culant. Fourth, Shewanella chilikensis, Exiguobacte-
rium profundum, and Alishewanella jeotgali recorded 
high levels of flocculant activity of kaolin clay removal 
from water 92.40%, 92.25%, and 91.65%, respectively. 
However, the considerable flocculation activity seen 
suggests a potential for industrial applications. Moreo-
ver, more research on the parameters of the process is 
required for the possibility of large-scale production.
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