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ABSTRACT

A bioflocculant named MBF B31 produced by strains B31 was investigated in this study. The bioflocculant MBF B31
was separated by organic solvent precipitation, the production yield of crude bioflocculant by cold ethanol precipitation
was up to 0.7g/L, relatively high. Crude bioflocculant was purified using Sephacryl S-200 gd filtration chromatography,
there was only a large single absorption peak at 216,280nm, the flocculating rate of the purified bioflocculant was
90.21% and increased very little compared with the crude bioflocculant. According to UV and IR spectra, colorimetric
reaction, chemical composition of the bioflocculant was analyzed, the main ingredient of the bioflocculant was
glycoprotein. Four factors influencing flocculating rate including bioflocculant dosage, pH, type and amount of metal
ions were investigated, flocculation conditions were 10mg/L bioflocculant dosage, pH 8, CaCl, as coagulant, 5SmL CaCl,,
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INTRODUCTION

Flocculation is an important means of drinking waad wastewater treatment. The flocculants ofgaoic and
synthetic organic polymer are used commonly, buhbaf them have some toxicity and can cause secgnda
pollution, and will have a serious impact on hurhaalth and ecosystefd. Bioflocculants (microbial flocculant),
which are produced by microorganisms during theiowgh, have received considerable scientific and
biotechnological attention in recent years becafstheir high efficiency, non-toxic, non-secondagryllution of
their degradative intermediat&8. A large number of bioflocculants were purifiecddamost of them were indicated
to be proteins or polysacchariffés Some others were DNA or PHB. At the present time most of research
focused on screening for microorganisms, culturedi®mns, mechanism of flocculation, chemical strecof
bioflocculant, and so on. However, low productiaely and high production costs limit their practiegplication.
Thus to utilize bioflocculants widely in industrifields, it is necessary to learn how to extraaiflocculant to
enhance bioflocculant production yields and imprtheeflocculating efficiency of the bioflocculant.

In this study, the preliminary extraction and pigation of bioflocculant produced by strains B31lrevevestigated

since the knowledge of its is the basic of purtfma and composition analysis of the bioflocculahhrough

chromogenic reaction, spectral methods, chemicalposition of the bioflocculant was studied. Varidastors

influencing flocculating effect, like concentratiatosage, pH and metal ions were investigated ds we
EXPERIMENTAL SECTION

2.1 Microorganism and culture conditions
The strains B31 was stored in Biological Enginegtiab, Yanshan University.

The composition of the fermentation medium wasadiews: glucose 20 g1KH,PQ,2 g I', K,HPQ,5g I, urea
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0.5g I', ammonium sulfate 0.2¢| NaCl 0.1g T, yeast extract 0.5¢") and MgSQO0.2g I*, with initial pH 7.0 ,and
media was sterilized at 112 for 30 min. Distilled water was used to prepare mhedium solutions. The bacterial
was cultured in 250mL erlenmeyer flsks containi®gnbof medium and incubated in a shaker at 150mny2h at
30C.

2.2 Digtribution of the flocculating activity in the culture

Culture broth of 6ml was centrifuged at 12000rmplidmin. The supernatant was collected. The pitatgal cells were
washed twice with distilled water, and resuspenae@ml distilled water. Flocculanting rate of theltare broth,
supernatant and washed cells were measured, rigsfect

The flocculating activity was evaluated by measteenof the turbidity of a Kaolin suspensith 5ml of 1% CaGland
2ml bioflocculant were added into 93ml of Kaolirspansion (4.0g/l) in 100ml test tube in turn areldhl was adjusted
to 7.0 with 0.1M NaOH or HCI. The mixture was vigasly stirred and allowed to stand for 5 min. Th&aal density
(OD) of the clarifying solution was measured witlsgctrophotometer at 550nm. A control experimead prepared
using the same method but the bioflocculant wataced by the fresh culture medium. The flocculatiate was
calculated according to the following equation:

Flocculanting rate = (A-B)/Ax100% Q)
where A is the OB, of control experiment, where B is the @pof the sample experiment.

2.3 UV spectra
3ml fermentation broth was added into the specinlette and scanned with wave range of 200-900nna by
microplate reader.

2.4 Extraction and purification of MBF B31

The fermentation broth was centrifuged at 4000ronfLh to remove the cell, and two volumes of cdidebl or acetone
were added to the broth to precipitate the biofitarat at 4C for 24h. Then the resultingprecipitate was cofiddby
centrifugation at 4000rmp andC4 for 20min. The precipitate was dried for severalrs at 40C to obtain crude
bioflocculant. Further fractionation and purificati were achieved using Sephacryl S-200 gel fitirati
chromatography, followed by elution with deionizedter buffer. Polysaccharides and proteins wereitm@d at
216, 280nm. The fractions of the main peak werkectid, flocculating rate was measured.

2.5 Chromogenic reation

The crude bioflocculant was dissolved in distill@dter as the test sample. 3ml sample ,2ml condedtisulfuric
acid and phenol were taken into graduated cylingleserved the change of color ; 4 drops sampleairdps 0.5%
ninhydrin-ethanol solution were added into a tabet boiling on low heat for 1-2 minutes, obserttegl change of
color.

26 IR spectra

The crude bioflocculant was analyzed using a Fotrdasform infrared (FTIR) spectrophotometer. Shenple was
blended with KBr and pressed into a flake for FRalysis. The spectrum of the sample was recordeth®
spectrophotometer with a wave-number range of SlDdm" under ambient conditions.

2.7 Ther mo-stability of MBF B31
In order to study the thermal stability of MBF B3dure MBF B31 was divided into six aliquots andatesl at
temperatures of 10, 30, 50, 70, 90 and‘COfor 30min in a water bath, and the flocculatinteraf MBF B31 was
measured at room temperature.

2.8 Effects of bioflocculant dosage, pH and metalions on flocculating activity

Five factors including bioflocculant dosage, pHyeyand amount of metal ions were investigated. éferchine the
effect of bioflocculant dosage on flocculating waityi, the crude bioflocculant was configured tol®, 15, 20 and
25mg/L. pH of flocculation system were adjusted-dt0. To study the effect of metal ions on floctinig activity,
Cd*was replaced with B& Mn?*, Mg, K*at same concentration. The effect of coagulantgmsm flocculation
activity was studied by 2-9 mL 1% coagulant.

RESULTSAND ANALYSIS

3.1 Digtribution of the flocculating activity in the culture
The distribution of flocculating efficency of thelture broth was examined, as shown in Table 1hBu cells and
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the supernatant had flocculanting activity durihg@ process of fermentation. More than 90% of tbecflilating
activity was released into the fermentation mediwhile the remaining bioflocculant appeared to lzeato the
cell, which showed that MBF B31 was an extracetlyeoduct. Therefore, the organic solvent precifutawas
used for next step.

Table 1 Distribution of flocculation substances

flocculation substances fermentation broth  the mgiant  cell
flocculating rate % 88.21 85.9 17.35

3.2UV spectra

Figure 1 showed that in the range of 200~900nmethere sharp absorption peak at 201nm,faint alisarpeak
at 280nm and not absorption peak at 260nm. It gtoagain the existence of polysaccharide and protaid
inexistence of nucleic acid.

Figure 1.UV spectrum of the crude bioflocculant

3.3 Extraction and purification of MBF B31

The supernatant was respectively precipitated tthvolumes of cold acetone and ethanol . The praiu yield
of crude bioflocculant by acetone precipitation wasto 0.48g/L, flocculating rate was 81.5%, thedurction yield
by ethanol precipitation was up to 0.7g/L, relatvhigh, flocculating rate was 89.7%. Thereforehagtol was
selected as a precipitating agent.

The liquid was collected at 216nm, 280nm, elutiamve was shown in Figure 2.Figure 2 showed thatethe
appeared only a large absorption peak, It indicéted this bioflocculant contained large amountgpuaftein and
polysaccharide, and the two combined together. flbeculating rate of the collected liquid was 9021
Flocculating rate increased very little comparethwhe previous.

3.4 Chromogenic reaction

In the phenol-concentrated sulfuric acid reactitm® solution appeared orange halo, so it could rgaliy
concluded that the bioflocculant contained larg@amnts of polysaccharides. The ninhydrin color reacshowed
that the solution turned blue-violet, it provedtttiee sample contained protein or amino acids.
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Figure 2.Sephacryl S-200 gel chromatography Figure 3.IR spectrum of the crude bioflocculant

35IR spectra

The IR spectrum of the crude bioflocculant dispthgebroad stretching peak at around 3422wrich declared
that characteristic of hydroxyl groups, and a weakl stretching band at 2928¢and 2978cm, The peak at
1646cmt was caused by secondary amide group (-NHC=0-) €x€ching vibration, 1296chwas a deformation
vibration of C-H, The peak at 1088¢was a typical characteristic of sugar derivaties] the absorption peak at

880cm’ could be attributed to the outer surface bendibgation of C-H. The IR spectrum showed that theder
bioflocculant contained glycoprotein.

3.6 Ther mo-stability of MBF B31
The temeprature dependence of the flocculant wesiigated using the purified bioflocculant as béstiocculant. As
shown in Figure 4, flocculating rates were all 086#6 at temperatures range of 10-TQ0This suggested that MBF

B31 was a higher stability than other biofloccutarithe thermal stability of this bioflocculant mighe because the
main backbone of MBF B31 was a polysaccharide.
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Figure 4 the thermo stability of MBF B31 Figure5 Effect of bioflocculant dose

3.7 Flocculation char acteristics

3.7.1 Effect of bioflocculant dose on flocculating activity

The effect of bioflocculant dose on flocculatindiaty was investigated. As shown in Figure 5, fleeculating rate
over 85% was achieved in the range of 10-20mg/d,the maximum flocculating rate was observed at@mum
bioflocculant dosage of 10mg/L which was a lowesatge compared with the previously reported. Thightrbe
because under suitable concentration, biofloccltaelf as a “polyelectrolyte’ reduced the electrostatic repulsion

between colloidal ions, while the dose was too hgglymer might be heavily on the gel surface amtdased the
affinity of media, prevented the settling of flotants.

3.7.2 Effect of pH on flocculating activity

Figure 6 showed the effect of pH on flocculatingj\éty. pH could affect bioflocculant charged staied the nature of
the particle surface. It was shown that the floatnd) activity was high in the pH range of 7.0-10l@e highest of
flocculating rate 89.67% was recorded at pH 8.dase and decrease of pH would both lead to losecdlating rate. It
indicated that the bioflocculant MBF B31 could Ippléed widely in neutral, alkaline conditions.
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Figure 6.Effect of pH Figure 7.Effect of coagulant aids dose

3.7.3 Effect of coagulant aids on flocculating activity

Table 2 showed that different positive ions hadedént effects on flocculating activity. Cationsreeémportant in
the process of flocculation. The same amount of'Mgd C&" both achieved high flocculating rate over 89%,levhi
Mn?* and Fé&* didn’t have good effects, moreover, the color affMand F&" caused a secondary pollution. Cations
stimulate the flocculating rate by neutralizing astdbilizing the residual negative charge of fumul groups and

by forming the bridges between particles. Consigpeconomic and flocculating effect, Cavas selected as the
coagulant aid.

Table 2.Effect of coagulant aids on flocculating activity

Positive ion C& K' Mg®¥ Mn* Fé&*
flocculation rate(%) 90.02 0 89.73 66.29 41.19

3.7.5 Effect of coagulant aids dose on flocculating activity

The effect of coagulant aids on flocculating atyiwvas also analyzed in this study. As shown inuFég7, the
flocculating effect reached the best at Ga&hL. This might be Cagtould affect negative surface charge of the
suspended particles When the Gaftise was too high, suspended particles would jp&raeed from the flocculant
molecular, thus its flocculating rate would be reellt Therefore, coagulant aids dosage should kteotled within

a certain range in the process of flocculation.

Since when PG*, HPQ?* of the culture medium encountered coagulant afd, @aey would produce a precipitate
and affect the experimental accuracy, so in thigysthe determination of flocculating rate was uadding fresh
medium as the control experiment instead of notlinglistilled water that others added. This studgveed that
MBF B31 was a promising bioflocculant. Comparingthwother bioflocculants, the production yield ofude
bioflocculant was relatively high, and crude biaftalant showed excellent flocculating rate of kaduspension.
MBF B31 mainly consisted of glycoprotein that expéd its thermo stability over wide range of tengtares
indicated it storage potential in cold and hot dbods. Its component also showed the crude biefltant could be
directly applied without purification, thus savimgoduction time and reducing the cost of treatmditese
distinctive characteristics of this bioflocculanBW B31 indicated that the application potentiaindustry.

CONCLUSION

The purified bioflocculant MBF B31 is obtained byganic solvent precipitation and Sephacryl S-200figjeation
chromatography. Experiments show that the biof@etuis a glycoprotein. Its optimal flocculation diions were
10mg/L bioflocculant dosage, pH 8, Ca@s coagulant, 5mL CaCl
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