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Abstract 
       Bacteria strain H7, which produces flocculating substances, was isolated from the soil of 

corn field at the College of Agriculture in Abu-Ghrib/Iraq, and identified as Bacillus subtilis 

by its biochemical /physiological characteristics. The biochemical analysis of the partially 

purified bioflocculant revealed that it was a proteoglycan composed of 93.2 % carbohydrate 

and 6.1 % protein. The effects of bioflocculant dosage, temperature, pH, and different salts on 

the flocculation activity were evaluated. The maximum flocculation activity was observed at 

an optimum bioflocculant dosage of 0.2 mL /10 mL (49.6%). The bioflocculant had strong 

thermal stability within the range of 30-80 °C, and the flocculating activity was over 50 %. 

The bioflocculant had the highest flocculating activity at alkaline conditions pH 10 (71%), and 

when many salts were used as cations, ZnSO4.7H2O, MnCl2, and CuSO4 enhanced 

flocculation activity at 89%, 80%, and 73% respectively. 
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Introduction 
       Flocculation is an effective and convenient method of removing suspended solids, 

colloids, and cell debris. Generally, the flocculants were classified into three groups of 

flocculants: (i)  inorganic flocculants such as aluminum sulfate and polyaluminum chloride;  

(ii) or organic synthetic flocculants such as polyacrylamide derivatives and polyethylene  

amine;  and  (iii)  naturally occurring flocculants such as chitosan,  sodium alginate,  and 

microbial flocculants (Kurane et al.,1994; Xia et al.,2008). Inorganic and organic flocculating 

agents such as those mentioned above are frequently used both in water treatment and 

fermentation industries because of their strong flocculating activity and low cost. However, 

studies have shown that synthetic flocculating substances may cause health and environmental 

problems. For example, the acrylamide monomer is not only a neurotoxin and a strong human 

carcinogen but also non-degradable in nature (Kwon et al.,1996).On the other hand, 
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bioflocculant   are essential polymers produced  by  some microorganisms during  their 

growth,  with  their  flocculating  activity  being dependent  on  the  characteristics  of  the  

flocculants. These  have special  advantages such  as  safety, strong  effect,  biodegradability  

and  harmlessness  to  humans  and to the environment, which make them potentially  suitable 

for  application in  drinking water  and wastewater treatment,  downstream processing, and 

fermentation processes (Salehizadeh and Shojaosadati,2001). The aim of this study was to 

isolate bacteria that produce bioflocculant compounds from soil and study the optimization of 

flocculating conditions. A series of experiments were then performed to characterization of 

bioflocculant.   

Materials and Methods 

Microorganism 
      The microorganisms were isolated using routine microbiological techniques from the soil; 

the isolates were maintained on a slant nutrient agar medium at 4 °C. 

 

Growth Medium and Culture Conditions  
      The medium for a slant contained (per liter) 1 g yeast extract, 1 g beef extract, 2 g 

tryptone, 10 g glucose, 0.02 g FeSO4 and 20 g agar (Xiong et al.,2010) The seed medium 

contained (per liter) 10 g glucose, 1 g peptone, 0.3 g MgSO4· 7H2O, 5 g K2HPO4, 2 g 

KH2PO4. The fermentation medium contained (per liter) (Zhang et al.,2007) 10 g glucose, 1 g 

peptone, 0.3 g MgSO4· 7H2O, 5 g K2HPO4, 2 g KH2PO4, initial pH of all media was adjusted 

to 7.2 with NaOH (1 M) and HCl (0.5 M). All media were prepared with distilled water and 

sterilized at 121°C /15 pounds for 20 min. All cultivations were done at 37°C.  

  

Screening of the highest flocculant-producing isolates 
      Strains with different colony morphologies were selected and inoculated in 250-ml flasks 

containing 50 ml fermentation medium. The strains were incubated for 48 h at 37°C with 

shaking at 200 rpm. The flocculating activities of the culture broths were observed. The strain 

with the highest flocculating activity H7, was selected and then stored on a slant nutrient agar 

medium at 4°C for further research. 

 

Production of bacterial bioflocculant 
      Strain H 7 from a slant nutrient agar medium was inoculated into a 250-ml flask containing 

100 ml seed medium and cultivated at 37°C for 14 h at 200 rpm. Five milliliters of the culture 

was then transferred into another 250-ml flask containing 100 ml fermentation medium. The 

bioflocculant was produced by shaking the flask at 37°C and 200 rpm for 48 h. Cell-free 

supernatant was obtained by centrifugation at 10000 rpm for 15 min. The flocculating activity 

of the cell-free supernatant was determined. An uninoculated medium was used as a control. 
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Measurement of flocculating activity 
     Using a suspension of kaolin clay as test material, flocculating activity was determined 

according to Kurane et al,.(1986 ), as modified by Gao  et al,.  (2006). A  suspension of kaolin 

clay  (4 g/L)  in deionized water at pH 7 was used as a stock solution for the subsequent 

assays. The following solutions were mixed in a test tube:  kaolin clay suspension  (9  mL),  

culture supernatant  (0.1 mL)  and  1%  CaCl2  (0.9 mL). A  control  in which the  culture 

supernatant was replaced with  deionized water was also included  and measured under  

similar  conditions. The final volume of all mixtures was made up to 10 mL with deionized 

water. The solutions were mixed gently and allowed to settle for 5 min. at room temperature. 

The optical density (OD) of the clarifying upper phase solution was measured at 550 nm using 

a UV-visible spectrophotometer (Varian, Australia), and the flocculating activity was 

determined as follows:  

Flocculating activity = [(B − A)/B] × 100% 

  Where A and B are optical densities at 550 nm of the sample and control respectively. 

 

 

Extraction and partial purification of bioflocculant. 
      Bioflocculant purification was achieved according to the modified method (Gong et al., 

2008). To purify the bioflocculant, the fermentation broth was centrifuged to remove cells 

(10000 rpm, 15 min). The supernatant was poured into two volumes of cold ethanol at 4 ºC to 

precipitate the bioflocculant. After 12 h, the resulting precipitate was collected by 

centrifugation at 5000 rpm for 30 min and redissolved in water. After two steps, the precipitate 

was dehydrated at 40 ºC, and the bioflocculant was obtained.  

 

Analysis of partially purified bioflocculant 
      The total sugar content of bioflocculant was determined by a phenol-sulphuric acid method 

using glucose as a standard solution (Dubois et al.,1956). The total protein content of purified 

bioflocculant was determined by Lowry’s method using Bovine Serum Albumin (BSA) as a 

standard (Lowry et al.,1951) 

 

Effect of bioflocculant dosage, temperature, pH, and many salts on bioflocculant activity 

      Various amounts (0.05, 0.1, 0.15, 0.2, 0.25, and 0.3 mL) of the cell-free supernatant were 

added to a test tube containing (9 mL) of kaolin clay (4 g/L) and (0.9 mL) of 1% CaCl2. To 

examine thermal stability of the bioflocculant, the cell-free supernatant after 10 min at various 

temperatures (30-90°C) was used to measure the flocculating activity at room temperature. 

The effects of pH and many salts on flocculating activity were examined. HCl and NaOH 

solutions were used to adjust the pH of the kaolin suspension in three groups (3, 7 and 10 pH). 
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Solutions (1 wt %) of NaCl, MnCl2, MgSO4, ZnSO4.7H2O, and CuSO4 were used as cations 

sources in replacing CaCl2 solutions to measure flocculating activity. The flocculating activity 

was determined as previously described. 

 

Results and Discussion 

Isolation and identification of the bioflocculant producing strain 
     In this study, a total of 12 bioflocculant-producing strains have been isolated from the 

agricultural soil. According to Peter et al., (1986),  all those isolates showed Bacillus sp 

characteristics, either physiological or morphological criteria,  including positive Gram 

reaction,  endospore appearance,  and catalase enzyme activities. Strain H7 showed the highest 

flocculating activity in kaolin suspension and was thus chosen for further research. Strain H7 

was identified as Bacillus subtilis by its biochemical and physiological characteristics, as 

shown in Table 1. 

 

Table 1. Characteristics of isolated strain H7 

Characteristics Result  

Gram stain  

Shape Rod 

Endospores produced 

Spore location   

Motile 

+ 

Rod 

+ 

Subterminal 

+ 

Characteristics Result  

Physiological characteristics  

Catalase test  

Voges-Proskauer test 

Gas from glucose  

Urease production 

Nitrate reduced to nitrite  

Citrate utilization  

Casein and starch hydrolysis  

Gelatin liquefaction  

Indole formation  

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

- 
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Acid from   

 D-glucose  

 L-Arabinose  

 D-Xylose    

D-Mannitol 

+ 

+ 

+ 

+ 

Culture characteristics  

Anaerobic growth  

Growth in 7% NaCl 

Growth on pH 5.7  

Growth at 50°C 

Growth at 55°C 

- 

+ 

+ 

+ 

- 

       +: positive, -: negative  

 

      Many Bacillus sp that produced bioflocculants were studied, such as: Bacillus coagulans 

(Salehizadeh et al., 2000) ; Bacillus licheniformis (Shih et al.,2001); Bacillus firmus 

(Salehizadeh and Shojaosadati,2002).; Bacillus mucilaginosus (Deng et al.,2003);  Bacillus 

megaterium (Zheng et al.,2008) and Bacillus subtilis (Patil et al.,2009).    

Characterization of bioflocculant 

Analysis of partially purified bioflocculant 

     The biochemical analysis of the partially purified bioflocculant revealed that it was a 

proteoglycan composed of 93.2 % carbohydrate and 6.1 % protein. Xiong et al. [6] reported 

that the bioflocculant from B. licheniformis CGMCC 2876 was comprised of 89 % (wt/wt) 

carbohydrate and 11% (wt/wt) protein. (Patil et al.,2009) demonstrated that the bioflocculant 

from Bacillus subtilis was composed of 94.3% polysaccharide and 5.7% protein. 

 

 

Effect of bioflocculant dosage on flocculation activity 

       Figure 1 shows the relationship between the flocculant dosages and flocculation activities. 

When the cell-free supernatant in kaolin suspension (4.0 g/L) was tested in the dosage range of 

(0.05, 0.1, 0.15, 0.2,0.25, and 0.3 mL), it was apparent that the flocculation activity increased 

proportionally to the flocculants dosage of 0.05 to 0.2 mL and was highest at 0.2 mL(49.6%) 

then the flocculation activity was decreased slightly. These results could be clarified as 

follows: a) The incomplete dispersion of excess polysaccharide, only the kaolin particles 

around the polysaccharides participated in the flocculation reaction. Therefore, other kaolin 
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particles did not participate in the reaction (Yokoi et al.,1997), and b) The excess 

polysaccharide was oversaturated on many binding sites of the surface of kaolin particles; thus 

the attractive force of the other particles was reduced, and the flocculation activity decreased 

(Kwon et al.,1996). Thus, either the deficiency or excess amount of polysaccharide and kaolin 

clay decreased or even prevented the flocculation activity (Lee et al.,1995).  

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 1. Effect of bioflocculant dosages on flocculating activity. 

Thermal stability of the bioflocculant 

       The bioflocculant had strong thermal stability within the 30-80 °C range, and the 

flocculating activity was over 50 %, as shown in Figure 2. The lower flocculating activity of 

the bioflocculant at higher temperatures above 90°C may be due to the breaking down of the 

polysaccharide chain, which led to the low potential to form bridges with the kaolin particles 

(Patil et al.,2009; Liu et al.,2010) reported bioflocculant produced by Bacillus subtilis showed 

heat stability at 97 °C for 10 minutes. Some researches indicate that the heat resistance of 

bioflocculant is consistent with the general understanding that flocculants rich in 

polysaccharides have better thermal resistance than those of proteins and nucleic acids 

(Kurane et al., 1986; Zhang et al.,2012).This indicates the thermostability of bioflocculant at a 

wide range of temperatures, which is useful in many applications using high temperatures. 
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  Figure 2. Effect of temperature on flocculating activity  

 

Effect of pH on flocculating activity 

     The  pH of the solution is also  a  key factor  in  flocculation  and  thus effectively  

influences the flocculation process  (Bouchotroch et al.,2001). Figure 3 shows the effects of 

pH on flocculating activity. The flocculating activity was found to be highest at alkaline 

conditions (71%), and some bioflocculant have more binding sites and stronger Vander Waals 

forces than traditional flocculating agents, strengthening their bridging ability between 

suspended kaolin clay particles. However, under acid conditions, the ionization of COOH in 

bioflocculants will be blocked, restraining the bridging actions. While under an alkaline 

condition,
-
COOH will be ionized into COO

=
, and OH

- 
will be increased, both of which can 

promote the flocculating efficiency of bioflocculant (Zhang et al.,2010). 
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    Figure 3- Effect of pH on flocculating activity 

Effect of different salts on flocculating activity 

      Metal ions either stimulate or inhibit flocculating activity (Li et al.,2009; Liu et al.,2010). 

Among the mechanisms proposed for stimulation are: (1) neutralization and stabilization of 

the residual charge of a functional group on the bioflocculant by the metal ions (Kwon et 

al.,1996) and (2) increase in ionic strength of the suspension solution as a result of the addition 

of metal ion; thereby, decreasing electrostatic forces of the suspended particles (Wang et 

al.,2011). Results showed that ZnSO4.7H2O, MnCl2, and CuSO4 enhanced flocculation activity 

89%,80%, and 73%, respectively, when compared to the MgSO4.7H2O and NaCl  52% and 

20%, respectively. Figure 4.  
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   Figure 4- Effect of different salts on flocculating activity 

Conclusions 

       The bioflocculant produced by Strain H 7 showed good flocculating activity for kaolin 

suspension. Chemical analyses indicated the bioflocculant to be proteoglycan composed of 

93.2 % carbohydrate and 6.1 % protein; bioflocculant had strong thermal stability and highest 

flocculating activity at the alkaline condition which is useful in many applications using high 

temperature and alkaline conditions, bioflocculant showed highest flocculating activity when 

used ZnSO4.7H2O as cation so that this bioflocculant can be used in treatment wastewater 

contaminated with Zn
+2

 ions. 
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 التلبذ ودراست تحسين ظروف   Bacillus subtilisولبذ الحيوي الثابت حرارياً هن جنس انتاج ال

 حسام صباح أوهين 

 العراق -بغذاد  -جاهعت بغذاد   -كليت العلوم   -قسن علوم الحياة   

 الخلاصت
انًُخجت نهًٕاد انًهبذِ يٍ حزبت دمٕل انذرة فٙ كهٛت انزراعت فٙ ابٕ غزٚب ٔلذ شخصج  H7عزنج انسلانت انبكخٛزٚت      

اعخًبداً عهٗ انصفبث انكًٕٛدٕٛٚت ٔانفسٕٛنٕجٛت , اظٓزث    Bacillus subtilisْذِ انسلانت عهٗ آَب ادذٖ سلالاث  

% بزٔحٍٛ 3  136%  كبربْٕٛذراث ٔ  6636َخبئج انخذهٛم انكًٛٛبئٙ نهًهبذ انًُمٗ جزئٛبً ببَّ بزٔحٕكلاٚكبٌ دٛث ٚخكٌٕ يٍ 

كهٕرٚذ انكبنسٕٛو ) يصذر انشذُت % يٍ 6درسج خصبئص انًهبذ انذٕٛ٘ اعخًبداً عهٗ فعبنٛت انخهبذ نعبنك انكبؤنٍٛ بٕجٕد 

%( عُذ دجى 6631انًٕجبت ( نخذسٍٛ عًهٛت انخهبذ, اظٓزث انُخبئج اٌ انًهبذ انذٕٛ٘ اعطٗ فعبنٛت حهبذ جٛذة نعبنك انكبؤنٍٛ ) 

 67 – 67يم , كًب اظٓز انًهبذ انذٕٛ٘ ثببحٛت عبنّٛ عهٗ يذٖ ٔاسع يٍ درجبث انذزارة حزأدج بٍٛ  67يم نكم  736

ٔعُذ دراست حأثٛز الايلاح )  67%, كبٌ الاس انٓٛذرٔجُٛٙ الافضم نعًهٛت انخهبذ ْٕ  67ٔكبَج فعبنٛت انخهبذ فٕق  يئٕٚت

يصذر انشذُت انًٕجبت (عهٗ فعبنٛت انخهبذ بذلا يٍ كهٕرٚذ انكبنسٕٛو اظٓزث انُخبئج ببٌ يهخ كبزٚخبث انزَك اعطج اعهٗ 

 %663% ٔاخٛزاً يهخ كبزٚخبث انُذبس 67ز % ٚهّٛ يهخ كهٕرٚذ انًُغُٛ 66فعبنٛت حهبذ 
 


