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Abstract 
The search of bacteria with ability to produce biosurfactant is extended to various environments. The 
potential of bacterial isolates from tannery effluents was considered because of the complex form of 
organic material released as effluent. These tannery effluents can be a rich source of nutrient to be used 
by microorganisms. Effluents samples from various points of the tannery production were collected 
aseptically and transported to the laboratory for possible isolation of bacteria with the ability to produce 
biosurfactants. Specifically, samples were collected from six different sections of Majema tannery. 
Physicochemical analysis was conducted on the samples and culture method was used to isolate the 
bacterial isolates which were screened using hemolysis, oil emulsification drops collapse and oil 
spreading techniques. The result of physicochemical analysis revealed that the effluents were having 
slightly low pH (5.3-5.6), EC of (45.0-70.0), BOD (0.76-1.21) and DO of (6.66-7.49). Six bacteria 
species were isolated by enrichment culture method using Mineral salt media (supplemented with 0.1% 
v/v Bonny light crude oil) and identified using biochemical characterization; the result showed bacterial 
species such as Pseudomonas sp., Bacillus sp., Citrobacter sp., Micrococcus sp., Rhodococcus and 
Corynebacteriuim sp. Further screening of the bacterial isolates for biosurfactant production using 
Hemolysis, oil emulsification, drop collapse and oil spreading methods showed all the bacterial isolates 
have been hemolytic and able to emulsify and spread the oil respectively. The isolates are also positive 
for drop collapse except for Rhodococcus sp. and Corynebacterium sp.  This indicates that the bacterial 
isolates are very good candidates for the production of biosurfactant and can be used for 
commercialization. 
 
Keywords: Isolation, Characterization, Bacteria and Biosurfactant. 
 
INTRODUCTION 
Surfactants are amphipathic molecules that act preferentially on the interface among fluid 
levels including oil-water or air water interfaces (Adamu et al., 2015). They're surface lively 
moclecules with a huge variety of properties along with decreasing apparent and interfacial 
tensions of liquid at interfaces. Surfactants, a quick shape for “surface-active-agents”, are 
essentially chemicals that reduce the surface tension of a liquid, interfacial tension among two 
liquids, or that among a liquid and a solid (Aparna et al., 2011). The chemically produced 
surfactants are mainly petroleum based and are normally non-biodegradable and for that 
reason continue to be toxic to the environments.  
 
Those compounds might also bio-gather and their manufacturing methods and by-
merchandise can be environmentally dangerous. Because of the increasing cognizance at the 
want to guard the ecosystem, environmental scientists have been tightening surroundings 
guidelines for that reason necessitating an expanded interest in surfactants of microbial origin 
as feasible alternatives to chemically synthesized ones (Benincasa, 2007).  
 
Biosurfactants, however, are microbially produced surface-active agent with properties much 
like the ones of chemical surfactants. They mixture at interfaces between fluids with specific 
polarities along with water and hydrocarbons and reduce interfacial surface anxiety (Arku et 
al., 2011). Biosurfactants are surface lively marketers produced by microorganisms. They 
lessen surface and interfacial anxiety by accumulating on the interface of immiscible fluids 
and as a consequence boom the solubility, bioavailability and next biodegradation of the 
hydrophobic or insoluble organic compounds (Van Hamme et al., 2006). Biosurfactants are 
discovered as extracellular molecules localized on the cell surface of microorganisms.  
 
They often comprised glycolipids (sophorose lipid, rhamnose lipid), hydroxylated and pass-
linked fatty acids, polysaccharides lipid complexes, lipoprotein-lipopeptides and 
phospholipids (Banat et al., 2010). The greatest benefit of biosurfactants over chemical 
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surfactants is their ecological attractiveness given that they may be biodegradable and safe to 
natural environments (Fernandes et al., 2014).  Hence, the isolation of biosurfactant-producing 
bacteria from tannery effluent wastewater. 
 
MATERIALS AND METHODS 
 
Study Area  
The study was conducted in Maiduguri, Borno State. The city is located at the Northeastern 
part of Nigeria that lies within (latitude 11.15 ºN) and (longitude 30.05 ºE). Maiduguri is 
known for its arid nature with a light annual rainfall of above 300 to 500 mm and the average 
daily temperature ranging from 22 to 35ºC with a mean of daily maximum temperature 
exceeding 40ºC between March and June. Majema Tannery is situated along Shehu Umar 
Garbai Road Mafoni, Lawan Bukar Ward on the coordinate 11°51'08.8"N 13°09'10.8"E. The 
tannery consists of six (6) major sections which include the soaking, Dehairing, Bating, 
Pickling, Finishing and the discharge section. 
 
Sample Collection 
Using 50 ml sample bottles sample of the Tannery effluent were collected from the six sections 
of the Majema tannery which include the (soaking, dehairing, bating, pickling, finishing and 
the discharge section).    
 
Physio-chemical analysis of the tannery effluent samples  
The color, odor, temperature, pH and other parameters such as BOD, DO, and EC were 
determined using standard procedures by Mallam et al., (2022). 
 
Microbiological analysis of the tannery effluent samples  
Ten-fold serial dilutions of the effluent suspension were carried out as described by (Benson, 
2001). Culture media (Nutrient agar) is prepared for the inoculation of 1ml aliquots of samples 
dilutions for the enumeration of total aerobic heterotrophic bacteria. The NA plates were 
incubated at 37o

 C for 24 - 48 hours. Mineral salt media (MSM) of supplemented with 0.1% 
v/v Bonny Light crude oil) was used for the isolation of biosurfactant producing bacteria 
(Shettima et al., 2023). Bacterial growth was observed which appeared on the plates as 
bacaterial colony which were counted and expressed as colony forming units per milliliter 
(cfu/ml) of sample. The MSA were incubated for 72 hours at 35ºC, bacterial growth emerged 
as colonies and were also counted as cfu/ml which were later subcultured on NA to obtain 
pure cultures and subsequently transferred into NA slants. The slants were kept in a 
refrigerator at 4oC for further characterization and identification. A pure culture of isolates 
was characterized and identified based on their cultural, morphological and biochemical 
characteristics in accordance with determinative schemes of (Allamin et al., 2021).  
 
Characteristics of the bacterial isolates   
Characterization and identification of bacterial isolates from the samples were carried out at 
the Department of Microbiology. Gram stain reaction and Biochemical test such as catalase 
test, methyl red test, motility test, indole test, oxidative fermentative utilization of glucose, 
H2S production, and other biochemical tests were performed (Allamin et al., 2021). The colony 
morphology, cell micromorphology, and biochemical tests on pure cultures of the bacterial 
isolates were tabulated and compared with Bergey's manual of determinative bacteriology, 
8th edition, as well as the handbook for identifying bacteria. 
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Screening for Biosurfactant Production  
Using conical flasks, 1500 mL of Mineral Salt (MS) broth was prepared and dispensed into six 
different 250 mL conical flasks. To each of the flasks containing 250mL of the broth, 2% v/v 
of diesel oil was added, respectively. Aliquots (1 ml) of the isolate suspension were inoculated 
into each of the conical flasks, and the pH of the six media was adjusted to 7.0± 0.2. The flasks 
were then incubated at 35oC for 10 days with regular shaking. After the incubation period, the 
broth of each isolate was centrifuged at 6000 rpm for 10 minutes, and the supernatants were 
separated by filtration in order to obtain cell-free supernatants that were used for 
emulsification, drop collapse, and spreading tests (Seghal et al., 2010).  
 
Biosurfactant Activity Assay  
 
Drop Collapse Test  
Drop collapse test was carried out according to the method described by Shettima et al., (2023). 
A drop of crude oil (Bonny light) was poured on a grease free slide and one drop of the cell 
free supernatant was poured at the center of the oil drop. Collapse of the drop was due to 
reduction of interfacial tension between the liquid drop (containing biosurfactant) and the 
hydrophobic surface of the oil. The time it took the oil drop to collapse was also recorded.   
 
Oil Spreading Method  
Oil spreading technique was carried out according to the method described by Shettima et al., 
(2023).  
 
Emulsification Capacity Test  
Emulsification activity was carried out using the method of (Tabatabaee et al., 2005).  
 
Hemolysis Test  
Blood Hemolysis test The bacterial isolates were inoculated on blood agar containing 5% (v/v) 
human blood. The clear zone (hemolytic activity) suggests the presence of biosurfactant 
(Youssef et al., 2004).  
Statistical analysis was performed using the analysis of variance (ANOVA) to determine the 
significant differences between the means of different bacterial strains in terms of 
biosurfactant production. Tukey’s test for post hoc analysis to compare the means between 
pairs of bacterial strain.  
 
RESULTS 
Table 1 shows the physicochemical qualities of the tannery effluents investigated. The color 
of the effluent samples was found to be gray, black, red and dark brown while the odor was 
disagreeable. The temperature of the samples ranged from 25.3 to 25.6 

0C, while the pH ranged 
between 5.3 and 5.6. The electrical conductivity (EC) ranged from 45.0 to 70.0 s/m. 
  
The various species of Bacillus sp Citrobacter sp. Micrococcus sp. Serratia sp. Rhodococcus sp 
Corynebacterium sp Pseudomonas sp were isolated and identified, six 6 bacterial isolates were 
identified using morphological and biochemical characteristics. Out of 6 isolates identified, 4 
are Gram-positive while 2 are Gram-negative (table 2). Total heterotrophic bacterial counts 
revealed that bating section of the tannery (7.4 × 106

 cfu/ml) had the highest bacterial counts 
followed by discharge and dehairing section (7.0×106 cfu/ml), while soaking section (6.5×106 

cfu/ml) had the lowest count as shown in Table 2.  A total of 6 bacterial isolates are screened 
for ability to produce biosurfactant (table 3).  
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Table 1: Physiochemical Parameters of Tannery Effluents from the Various Collection Sites 
Samples 
Collection 
Sites 

Physicochemical Analysis 

Colour Odour pH EC 
(μS/cm3)  
 

Temp (OC) BOD 
(ppm) 

DO 
(ppm) 

Soaking Gray Disagreeable 5.6 45.0 32.33 0.76±0.07 6.83±0.25 
Dehairing Gray Disagreeable 5.5 45.03 32.33 1.13±0.19 6.66±0.29 
Bating Gray Disagreeable 5.6 50.98 32.30 0.83±0.5 7.49±0.48 
Pickling Gray Disagreeable 5.5 56.9 32.16 0.93±0.1 7.01±0.32 
Finishing Reddish 

black 
Disagreeable 5.5 61.53 32.14 1.19±0.1 7.18±0.15 

Discharge Dark 
brown 

Disagreeable 5.3 70.04 31.12 1.21±0.22 6.94±0.7 

Keys: EC= Electric Conductivity, Temp.= Temperature BOD=Biological Oxygen Demand and 
DO=Dissolved Oxygen 

 
 

 
 
Figure 1: Distribution of Biosurfactant Producing Bacteria in the Various Samples Collection Sites Key: 

cfu/ml=coliform forming unit per milliliter 

 
 
Table 2: Biochemical Characterization and Identification of Biosurfactant Producing 
Bacteria Showing Diversity of the Bacteria  
  
Isolate 
code  

Staining 
properties 

  Biochemical Characteristics Identified Bacteria 

GR Shape Spore   
 
CAT OXI MR VP UR IND CIT TSI  

GLU LAC SUC H2S GAS MOT 

TE1 + LR +     - + - + + + - + - - - - + Bacillus sp 

TE2 - SR -     + - + - + - - + - - - - + Citrobacter sp. 

TE3 + CC -     + - - + + + - - - - - - - Micrococcus sp. 

TE4 - SR -     + - - + + - + + + + - - + Serratia sp. 

TE5 + CC -     + - - + + - + + - - - - + Rhodococcus sp 

TE6 + LR -     + - - + + - + + - - + - + Corynebacterium sp 

TE7 - SR -     + - - + + - + + - - + - + Pseudomonas sp. 
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Figure 2: Occurrence of bacteria isolates from tannery effluent  

 
Table 3: Biosurfactant production activity by the various bacterial isolates 

Isolates E24 (%) Haemolytic activity Drop collapse Oil spread (cm) 

Bacillus sp 70.2 β + 2.7 
Citrobacter sp. 70 β + 2.5 
Micrococcus sp. 75.0 β + 3.0 
Serratia sp 64.9 β + 2.5 
Rhodococcus sp 62.3 β + 2.7 
Corynebacterium sp 69.1 β + 2.0 
Pseudomonas sp 70.1 β + 2.2 

Keys: E24: Emulsification index β: Beta hemolysis + = Positive, - = Negative   
 
DISCUSSION 
Biosurfactants are said to be surface active agents which are produced by microorganisms. 
They reduce surface and interfacial tension by accumulating at the interface of immiscible 
fluids and thus increase the solubility, bioavailability and subsequent biodegradation of the 
hydrophobic or insoluble organic compounds (Van Hamme et al., 2006). They contain 
hydrophobic and hydrophilic moieties that give them the ability to interact fluid phases, thus 
minimizing surface and interfacial tension at the surface and interface respectively (Satpute et 
al., 2008). They primarily comprised glycolipids (sophorose lipid, rhamnose lipid), 
hydroxylated and cross-linked fatty acids, polysaccharides lipid complexes, lipoprotein-
lipopeptides and phospholipids Banat et al., (2008). Presently, biosurfactants have a 
widespread application in different industries. 
  
The color of the effluent samples was found to be gray, black, red and dark brown while the 
odor was disagreeable. The color and disagreeable odor of the effluent could be due to the 
tanning chemicals that are known to have a pungent or choking smell and the decomposition 
of the skin and hides during the tanning process.  The temperature of tannery effluent was 

Bacillus sp

Citrobacter sp.

Micrococcus sp.

Serratia sp

Rhodococcus sp

Corynebacterium sp

Pseudomonas sp
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within the permissible limit prescribed by FEPA (Nigeria) while the pH of the effluent of 
soaking and the discharge sections are above what is prescribed by FEPA (6.0-9.0), bating, 
pickling and finishing sections are below what is prescribed by the FEPA, dehairing section is 
the only section with accurate range prescribed by FEPA. The EC measured is contrary to the 
work of (Adamu et al., 2015), who reported that the EC of 3 different tanneries in Sokoto State 
which ranges from 13586 to 15500 s/m.  
 
Microbiological analysis which is the total heterotrophic bacterial counts revealed that bating 
section of the tannery (7.4 × 106

 cfu/ml) had the highest bacterial counts followed by discharge 
and dehairing section (7.0×106 cfu/ml), while soaking section (6.5×106 cfu/ml) had the lowest 
count. These high counts could be due to available nutrients and favorable temperature of the 
effluent as well as the ability of the organisms to withstand, tolerate or adapt to the 
unfavorable condition of the effluent. The biochemical analysis and gram staining, in which 
the six indigenous bacteria isolated from the tannery effluent belonged to the genus Bacillus, 
Citrobacter, Micrococcus, Pseudomonas, Rhodococcus and Corynebacterium. The isolates in this 
study make the list of the commonly isolated microorganisms in hydrocarbon-polluted 
environment, and this observation is supported by the work of (Onifade and Abubakar, 2007).  
 
This finding is also in agreement with the work of (Adamu et al., 2015) who isolated different 
genera of bacteria including Bacillus, Serratia, Citrobacter, Aeromonas, Proteus, Enterococcus, 
Micrococcus and Pseudomonas, from 3 different tanneries. A total of 6 bacterial isolates were 
screened for ability to produce biosurfactants. All isolates were shown to be hemolytic on 
blood agar. (Thavasi et al., 2011) have previously demonstrated the hemolytic activity of 
Bacillus and Citrobacter species on blood agar. Hemolytic activity is being regarded by some 
authors as indicative of biosurfactant production and used as a rapid method for bacterial 
screening (Tabatabaee et al., 2005) In drop collapse test, drops of cell suspension containing 
biosurfactants collapsed, whereas non-surfactant containing drops remain stable. The drop 
collapse result showed 66.6% positive result and 33.4% negative result. This result agreed with 
the work of Thavasi et al., (2011), who out of the 105 bacterial strains screened for biosurfactant 
production, 78.1% were positive for drop-collapse activity (Nurul et al., 2019), observed 
different kinds of collapse ranging from partial collapse to flattened collapse in their work on 
comparative screening methods for the detection of biosurfactant-producing capability of 
Antarctic hydrocarbon-degrading Pseudomonas sp. Negative drop collapse observed in the 
isolates might be associated with the fact that some bacterial species do not produce 
extracellular materials as biosurfactants but the cells exist as biosurfactants themselves. This 
agreed with the work of (Shettima et al., 2023) who made similar observations.  
 
The oil displacement test is an indirect measurement of the surface activity of a surfactant 
sample tested against oil; a larger diameter represents a higher surface activity of the testing 
solution. The isolates screened produced oil displacement diameter ranging from 2.0 – 3.0cm. 
This is quite contrary to the works of Hesham et al., (2012), and Jaysree et al., (2013), who 
obtained larger oil displacement diameters. While (Hesham et al. 2012) obtained oil 
displacement ranging from 2.8cm to 4.1cm in the screening of Candida species for biosurfactant 
production, Jaysree et al., (2013), recorded displacement diameter ranging from 3.0cm to 4.2cm 
in their work on biosurfactant production by halophilic bacteria. Emulsification activity is one 
of the criteria used in selection of potential biosurfactant producers (Satpute et al., 2008). Most 
researchers determine surface active properties of biosurfactants from microorganisms based 
on emulsification activity and surface tension (Varjani and Upasani, 2019; Bueno et al. 2019; 
Nwaguma et al., 2019). It has been reported that if a cell-free culture broth used in an assay 
contains biosurfactant, it will emulsify the hydrocarbon present in the test solution (Thavasi 
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et al., 2011). In this study, petroleum was used as the hydrophobic substrate, and the results 
(Table 6) revealed that all isolates showed emulsification activity, ranging from 62.3–75.0%. 
Contrary to the observation in this study, Ellaiah et al., (2002), screened 68 bacterial isolates 
grown on mineral salt medium and found only 6% of the isolates with emulsification activity 
up to 61%. However, Bodour and Maier (2000), suggested that maximum of two or three 
screening methods should be used for the selection of biosurfactant producers.  
 
CONCLUSION  
In this study biosurfactants producing bacteria were isolated and screened from tannery 
effluent. Oil spreading technique, drop collapse, blood hemolysis and emulsification activity 
were performed for the screening of the biosurfactant producing bacteria, and 80% of the 
isolates are found good producers in all the different methods applied. It was observed that 
the production of biosurfactant depend on the pH and as well as on incubation temperature.  
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