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ABSTRACT

Chemical pretreatment of  Termitomyces clypeatus biomass with acids (HCl, acetic,  phosphoric and 
oxalic), calcium chloride, formaldehyde and ammonium persulfate enhanced the Cr(VI) biosorption efficiency 
to 100% (at pH 5.0-7.0). Removal efficiency of other metals (Cr, Ni, Fe, As, Cu, Zn, Co and Pb) ranged from 
40-100%. The pretreated biomass removed Cr and other metals from the tannery effluent to the permissible 
limit without adjusting the pH.  FTIR study showed involvement of functional groups (amides, carboxyl and 
phosphate) of the biomass in biosorption process. Novelty of the pretreatment was removal of chromium at pH 
5 to pH 7, whereas known biosorbents are known to adsorb Cr(VI) only under strong acidic condition (pH 2-4). 
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analysis, CETP; Common effluent treatment plant, BOD; biological oxygen demand, COD; chemical oxygen 
demand. 

INTRODUCTION
Heavy  metals  are  toxic  even  at  low 

concentrations, as they are non-biodegradable. The 
threat is multiplied by their accumulation resulting 
in  environmental  contamination through  the  food 
chain.  The  removal  of  heavy  metals  from 
wastewater  is  important  for  the  protection  of 
environment  and  human  health.  Strict 
environmental  regulations  demand  for  new 
technologies of metal removal from wastewater. 

Biosorption of heavy metals by living and 
dead  microbial  cells  occurs  as  a  result  of 
physicochemical interactions, mainly ion exchange 
or  complex  formation  between  metal  ions  and 
functional  groups  present  on  the  cell  surface. 
Various  functional  groups  involved  are  amines, 
phosphates,  carboxyl,  carbonyl,  sulfhydryl, 
sulfonate  and  amides  (Ramrakhiani etal.,  2011). 
Living  cells  are  more  sensitive  to  metal  ion 
concentration and adverse operating conditions of 
pH,  temperature,  nutrient  requirement.  Dead 
biomass  is  preferred  for  higher  affinity  towards 
metal  ions  (Bayramoğlu  et  al.,  2005).  Nonviable 
biomass  can  be  obtained  through  physical  and 

chemical  pretreatment  which  enhances  the 
biosorption  efficiency.  The  modifications  of  a 
biomass  by  physical  methods  include  heating, 
autoclaving,  freezing.  The  chemical  pretreatment 
involve  using  acids,  alkalis,  salts  and  organic 
chemicals (Kapoor  and  Viraraghavan,  1998). 
Recovery of metals and biosorbent is complicated 
from live biomass.

Recently  biosorption  has  gained 
momentum  for  employing  low-cost  biological 
materials  (biosorbents)  with  effective  binding 
capacities  towards  different  heavy  metal  ions 
(Volesky,  2007).  Industrial  applications  of  these 
biomaterials  as  biosorbent  suffered  from  the 
following  drawbacks  (i)  slow  reduction  rate  of 
metals  not  reaching  upto  100%,  (ii)  the 
biodegradable  and  soluble  organic  compounds 
released during biosorption needed removal before 
being discharged  into environment  (iii)  preparing 
the  highly  acidic  conditions  (pH  1-4)  makes  the 
process  costly  (Park  etal.,2008).  Identification  of 
new  biosorbents  and  modification  processes  can 
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provide efficient, eco-friendly biosorption abilities 
at wide pH range for industrial applications. 

The purpose of present investigation is to 
study potential of chromium (VI) removal capacity 
of  pretreated  biomass  Termitomyces  clypeatus  
from aqueous  solutions  at  pH  5-7.  The  treated 
biomass  was  checked  for  biosorption efficiencies 
of multi-metal ions (Cr, Ni, Fe, As, Cu, Zn, Co and 
Pb). Changes in surface properties of the pretreated 
biomass  were  studied  using  FTIR  analysis.  The 
surface  structure  of  biomass  was  analyzed  by 
SEM-EDX analysis. Application of the biomass for 
removal  of  heavy  metals  from  tannery  effluent 
without  prior  pH adjustment  of  the  effluent  was 
evaluated. 

EXPERIMENTAL PROTOCOLS

Culture conditions and  Chemical pretreatment 
of biomass 

The  fungus  T.clypeatus was  cultured  in 
synthetic medium and the mycelia was heat treated 
at 50±5oC for 48h (Ramrakhiani et al., 2011). The 
heat  treated biomass was reconditioned with HCl 
(0.1N),  acetic  acid  (10%),  o-phosphoric  acid 
(10%), oxalic acid (0.1M), NaOH (0.1N), Na2HPO4 

(0.05N),  laundry-detergent  (0.5%),  CaCl2  (1%), 
NaCl (0.2N), formaldehyde (15%), glutaraldehyde 
(2%),  DMSO  (50%),  ammonium-per-sulphate 
[(NH4)2S2O6](0.1N),  EDTA  (0.1M)  and  distilled 
water. In practice, 1g of heat treated biomass with 
50ml chemical was kept in boiling water bath for 
30min, followed by extensive washing with DDW, 
dried  and  stored  in  airtight  containers  at  room 
temperature (Cabuk et al., 2005).

Biosorption studies 
Unless  otherwise  specified  following 

condition were  used for  biosorption, initial  metal 
concentration  (100mgL-1),  biomass  dose 
(0.2g/25ml), agitation speed (150rpm), temperature 
(30°C). Uptake of the metal per gram of biomass 
was  calculated  (Ramrakhiani  et  al.,  2011). 
Biosorption  was  studied  using  K2Cr2O7 (1gL-1). 
Cr(VI)  was  measured  by  spectrophotometric 
method using  1,5-diphenyl  carbazide (Clesceri  et  
al.,1998). Total  concentrations  of  chromium  and 
other metals were estimated through AAS. 

Multi-metal biosorption 
Biosorption  capacity  of  heat  treated 

biomass was studied for the metals As, Co, Cu, Fe, 
Ni, Pb and Zn using 1.0%(w/v) solution of sodium 
arsenate,  cobalt  nitrate,  copper  sulfate,   ferric 
nitrate, nickel chloride, lead nitrate and zinc nitrate 
respectively. 

Effluent treatment
Raw effluents collected from CETP of Leather 

complex  at  Kolkata,  India  were  characterized  for 
physicochemical  parameters  by  standard  methods 

(APHA,  1989).  Removal  of  heavy metals  in  effluent 
was  carried  out  without  adjusting  the  pH  and 
determined by AAS.

FTIR Spectroscopy
After preparing pellets in KBr, FTIR spectra of 

biomass  samples  were  recorded  before  and  after  Cr 
biosorption  in  the  region  4000-400cm-1 using  FTIR 
spectroscopy  (JASCO-FT/IR-4200)  (Tunali  et  al., 
2005).

SEM-EDX analysis
The  surface  structure  of  biomass  before 

and after biosorption of each metal was analyzed 
by SEM coupled with EDX using JEOL-560 LV 
SEM at 20keV with background subtraction and a 
summation of 60 scans. Unloaded and metal-laden 
biomass samples were mounted on a stainless steel 
stab with a double stick tape followed by coating 
with  a  thin  layer  of  gold  in  a  high  vacuum 
condition. 

RESULTS AND DISCUSSION 

Effects of pretreatment

(i)  Mass  Loss:  The  differences  in  mass  of  the 
biomass  were  recorded  before  and  after  each 
pretreatment  and  the  mass  loss  was  observed 
(Table  1).  Maximum  mass  loss  (41.9%)  was 
observed by alkali pretreatment (Park et al., 2005). 

Table 1: Mass loss during chemical-treatment

Chemical-treatment Mass loss 
(%) 

Heat treated (Control) 0.0
Water 17.6
HCl 10.2
Acetic Acid 10.4
o-Phosphoric Acid 10.9
Oxalic Acid 11.4
NaOH 41.9
Di Sodium Hydrogen Phosphate 34.2
Laundry Detergent 36.7
Calcium Chloride 4.3
NaCl 8.4
Formaldehyde 3.9
Glutaraldehyde 12.1
DMSO 14.5
Ammonium per Sulfate 23.6
EDTA 26.3

(ii) Biosorption efficiency:  The results of Cr(VI) 
biosorption capacity  on  chemical  pretreatment  of 

Int. J. Int sci. Inn. Tech. Sec. B, Apr. 2012, Vol. 1, Issue 1, pg 7-15



15

Suman Khowala and Lata Ramrakhiani ISSN 2278-1145

the  biomass  are  shown  in  Fig.1A  (pH  5.0)  and 
Fig.1B  (pH  7.0).  Heat  treated  biomass 
demonstrated  enhanced  biosorption  efficiency 
(100%)  at  pH  2.0  (48h)  in  comparison  to  live 
biomass (66.15%). This was due to removal of the 
organic  and  mineral  matter  and  introduction  of 
more sorption sites by heat on biomass for Cr(VI) 
uptake  (Kapoor  and  Viraraghavan,  1998). 
Chemical  treatment  of  the  heat  treated  biomass 
(control) with different  acids further enhanced Cr 
biosorption  by  >15-25% at  pH 5-7  (Fig.1A&B). 

This may be due to the protonation of functional 
groups (e.g. carboxyl and amino) at low pH, giving 
an  overall  positive  charge  to  the  biomass,  and 
adsorbed negatively charged chromium ions (Park 
etal.,2005;  Yun,2004).  Acids  enhance  uptake 
capacity of biomass by increasing the porosity and 
surface  area  of  the  original  sample  (Bai  and 
Abraham, 2002). In  Aspergillus flavus biosorption 
capacity  was  increased  by  acid  pretreatment 
(Deepa et al., 2006). 

Fig. 1: Effect of different chemical pretreatments of T.clypeatus biomass for Cr(VI) biosorption  (A) pH 
5.0. (B) pH 7.0.

Methylation of amines was carried out by 
treating the biomass with formaldehyde according 
to the general reaction, 
                   HCHO+HCOOH        

RCH2NH2                     RCH2N(CH3)2 + CO2 +H2O

Methylation  of  amino  group  present  on 
cell wall significantly reduced biosorption capacity 
(Paravathi  and  Nagendran,  2008).  However  in 
T.clypeatus,  increased  biosorption  at  pH 5.0  and 
7.0 by formaldehyde treatment may be due to the 
acidic  conditions,  which  might  have  caused 
unmasking and availability of  other  binding sites 
(other than amine groups) on the cell surface. After 
formaldehyde  treatment  biosorption  capacity  was 
increased  for  lead  and  copper  by  Aspergillus 
versicolor,  Penicillium  verrucosum,  A.niger 
(Cabuk  et  al.,  2005;  Kapoor  and  Viraraghavan, 
1998). 

Calcium  stabilized  the  biomass,  causing 
precipitation of inorganic substances present in the 
mycelia,  thereby  creating  vacant  sites  on  the 

mycelial  surface  and  enhanced  biosorption. 
Increase  in  Cr(VI)  biosorption  after  CaCl2 

treatment of  Ecklonia sp. (Park  etal.,2005) and of 
Cu2+ and Zn2+  biosorption in rose petals (Bhatti  et  
al., 2007) were reported. 

Glutaraldehyde cross-linked the functional 
groups  present  on  the  biomass  to  enhance 
biosorption.  Biosorption  of  Pb  increased 
significantly  after  glutaraldehyde  pretreatment  of 
A.versicolor,  and  P.verrucosum (Cabuk  et  al., 
2005).

NaOH  pretreated  biomass  exhibited 
reduction  of  Cr  uptake  by  65.4%  and  61.7% 
respectively  at  pH 5 and  7.  Alkali  pretreatments 
caused  polymer  chain  breakage  probably  due  to 
hydrolysis  of  protein  constituents  and  chitin 
deacetylation  of  the  biomass,  and  hindered  the 
operational  stability.  Reconditioning  with  alkali 
reagents (NaOH, Na2HPO4  and laundry detergent) 
resulted  in  enlargement  and  dissolution  of  the 
biomass.  However,  no structural  disintegration of 
the  biomass  was  observed  by  FTIR  analysis. 
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Pretreatment  with  DMSO  (as  weak  alkali)  also 
resulted  in  decreased  chromium biosorption.  The 
reduction in Cr uptake was reported for  Rhizopus 
nigricans (Bai  and  Abraham,  2002),  though 
improved  Cr  uptake  was  reported  with  alkali 
treatment  of  Lentinus  sajor-caju biomass, 
compared  to  untreated  form  (Bayramoğlu  et  al., 
2005). 

EDTA as a strong metal chelating agent, 
removed all the metal ions present in the biomass 
and  caused  denaturation  and  precipitation  of 
proteins, thus reducing the biosorption as observed 
in  rose  petals  also  (Bhatti  etal.,  2007).  NaCl 
pretreatment  decreased  Cr  (VI)  biosorption  to 
40.02% (pH 5.0) and 37.43% (pH 7.0), indicating 
that  sodium  ions  inhibited  the  biosorption. 
Biosorption of Pb2+, Cd2+, Ni2+, and Zn2+ by Mucor 
rouxii were  reduced  by  NaCl  pretreatment  (Yan 
and Viraraghavan,2008). 

Multi-metal  ions  biosorption  capacity  of 
biomass 

The  heat  treated  biomass  showed  40-
100% biosorption efficiency of other toxic heavy 
metals such as Ni, Fe, Cu, Zn, Co and Pb (Table 2). 
The biomass could be used for biosorption of not 
only  chromium  ions  but  also  other  heavy  metal 
ions  in  water  stream. The polymeric  structure  of 
biomass surface exhibited a negative charge due to 
the  ionization  of  organic  and  inorganic  groups 
(Yan  and  Viraraghavan,  2000).  The  binding  of 
cationic  metals  to  the  biomass  by  ion  exchange 
involved  electrostatic  interaction  to  these 
negatively charged groups (Krishnani et al., 2008). 

Table 2: Multi metal ion adsorption by 
T.clypeatus biomass

Sl. No.

Heavy metal ion

Biosorption 
(%)

1 As 35.25
2 Co 74.42
3 Cu 50.83
4 Fe 100
5 Ni 61.19
6 Pb 97.82
7 Zn 99.75

Biosorption in tannery effluent
Physiochemical  characteristics  and metal 

concentrations  of  tannery  effluents  are  listed  in 
Table  3.  Residual  metal  concentration  present  in 
the  effluent  was  reduced  to  permissible  limit  by 
removing  Cr  upto  96.24%  and  Fe  upto  79.97% 
without pH adjustment (Volesky, 2007). The heat 
treated  biomass  showed  similar  biosorption 
efficiency of  total  Cr for  the tannery effluent  (in 
presence of other impurities) as compared to that of 
standard  solution.  The  results  confirmed  that  the 
presence of co-anions and cations had no inhibitory 
effect  in  the  present  biosorption  system,  thereby 
emphasizing  importance  and  efficiency  of 
modified  T.clypeatus biomass  in the treatment  of 
tannery effluent.

Table 3: Characteristics of effluent collected from tannery industries and removal of heavy metals by T. 
clypeatus biomass

Parameter
 Effluent 
(CETP) 
(mg/L)

*Leather 
industrial 
waste water

WBPCB 
standard

Residual 
metal 

Ph 7.34 6.5 - 9.0 6.5 - 9.0
Total suspended 
solids

1615 1500 – 4000 100

Total sulphide (S) 200 80 – 220 1
BOD 3 day at 27 ºC 600 600 – 1400 100
COD 1851 1500 – 3500 100 - 300

Heavy metals 

Cr 22.39 30 – 150 1 - 2 0.439
Fe 3.261 - - 0.643
Cu 0.15 - - 0.00
Ni 0.12 - - 0.00
Pb 0.04 - - 0.00
Co 0.06 - - 0.00
Zn 0.074 - - 0.00
Cd 0.01 - - 0.00

a Maximum range;  bBiomass treated effluent;  - not available
FTIR analysis The FTIR spectra of control biomass [Fig. 

2A  (1)]  showed  first  peak  at  3383.5cm−1(range 
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3500–3000cm−1) due to O–H stretching vibration in 
alcohol and –NH stretching in amides. The second 
peak at 2929.34cm−1(3000–2800cm−1) exhibited the 
C–H  stretching  vibrations  of  –CH3 and  >CH2 

functional  groups,  while  the  third  peak  indicated 
C=O  stretching  at  1633.41cm−1(1760-1670cm−1). 
The peaks in the range 1000-1400cm−1 represented 
sulfonamides,  N-substituted  sulfonamides, 
phosphate  and  phosphate  esters.  Thus  the  peaks 
1403.92cm−1,  1299.79cm−1 and  1078.01cm−1 

respectively  represented  sulfonyl,  phosphate  and 
phosphate ester bonds of polysaccharide. The last 
peak  at  545.76cm−1 specified  presence  of  nitro-
compounds and disulfide groups.  Therefore  main 
functional groups present on heat treated biomass 
surface  were  amino,  carboxylic,  phosphate, 
sulfonyl and carbonyl.

After  Cr(VI)  biosorption  the  biomass 
exhibited FTIR spectra with clear appearance of a 
band ranging from 1500-1650cm−1, which specified 
primary,  secondary  and  tertiary  amines  and 
ammonium  salts  of  carboxylic  acid  compounds. 
This could be attributed to an interaction between 

Cr  (VI)  species  and  N-containing  bioligands. 
Disappearance  of  the  peak  at  1403.92cm−1 was 
typical for complexation of sulfonyl and phosphate 
group’s coordination with metal ions [Fig. 2A (1)] 
(Yan and Viraraghavan, 2008). 

Appearance  or  disappearance  in 
transmittance  peaks  of  spectra  of  pretreated 
biomass  with  acids  (Fig.2B),  alkali  (Fig.2C)  and 
other agents (Fig.2D) taken before and after Cr(VI) 
uptake  are  presented  in  Fig.2.  Acid  treatment 
exhibited  increase  in  transmittance  peaks  at 
1741.41, 1653.66, 1545.67, 1455.03, 1156.12 and 
1076.08cm−1  (Fig.2B),  which  indicated 
improvement and involvement of N–H of amines, 
C=O of amides, carboxyl and phosphate groups. At 
low  pH,  carboxyl  and  phosphate  groups  were 
protonated. After Cr biosorption their FTIR spectra 
(1650-1740cm−1)  disappeared,  indicating  that 
carboxyl  groups  were  involved  in  chromium 
binding  during  biosorption.  The  peaks  (1530-
1650cm−1) correspond  to  –NH  bending  remained 
unaltered  indicating that  the amino groups  might 
not be involved in biosorption.

 

Fig.2 FTIR spectra of pretreated biomass of T.clypeatus
(A) FTIR spectra of the biomass (1) heat treated (2) Cr(VI) loaded

(B) FTIR spectra of acid pretreated biomass. (3) HCl (4) Cr(VI) loaded HCl (5) acetic acid (6) Cr(VI) loaded acetic acid (7) o-
phosphoric acid (8) Cr(VI) loaded o-phosphoric acid (9) oxalic acid (10) Cr(VI) loaded oxalic acid (11) formaldehyde (12) Cr(VI) loaded 

formaldehyde.
(C) FTIR spectra of alkali pretreated biomass. (13) NaOH (14) Cr(VI) loaded NaOH (15) Na2HPO4 (16) Cr(VI) loaded Na2HPO4 (17) 

laundry detergent (18) Cr(VI) loaded laundry detergent (19) DMSO (20) Cr(VI) loaded DMSO
(D) FTIR spectra of other agents pretreated biomass. (21) CaCl2 (22) Cr(VI) loaded CaCl2 (23) (NH4)2S2O6 (24) Cr(VI) loaded 

(NH4)2S2O6 (25) glutaraldehyde (26) Cr(VI) loaded glutaraldehyde (27) water (28) Cr(VI) loaded water (29) NaCl (30) Cr(VI) loaded NaCl 
(31) EDTA (32) Cr(VI) loaded EDTA.

Alkaline pretreatment did not exhibit any 
significant  influence  on  transmittance  peaks  and 
nature  of  functional  groups  responsible  for 
biosorption,  as  compared  to  control  biomass.  In 
presence  of  alkali,  carboxylate  group  were 

deprotonated  with  net  negative  charge  to  the 
biomass  surface  and  decreased  biosorption 
(Nadeem  et  al.,  2008).  Pretreatments with CaCl2, 
ammonium persulfate  and glutaraldehyde  showed 
changes  in  transmittance  peaks  in  the  range  of 
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1600-1000cm−1  after  Cr  (VI)  biosorption.  FTIR 
study  showed  that  different  functional  groups  (–
NH,  –CO,  disulfide,  N–H  of  amines,  C=O  of 
amides, carboxyl and phosphate) of biomass were 
involved  in  chemical  reactions,  e.g.  ionic 
interaction,  hydrogen  bonding,  ion-dipole 
interaction,  electrostatic  interaction  and 
complexation with chromate ions. 

SEM-EDX analysis
SEM-EDX analysis of Cr (VI) biosorption 

was  reported  recently  (Ramrakhiani  etal.,  2011). 
SEM micrographs (Fig.3) and EDX (Fig.4) spectra 
were obtained for metals before (Fig.3A & 4A) and 
after biosorption (Fig.3&4B-H) onto the biomass. 
The micrographs indicated clearly the presence of 
new shiny bulky particles over the surface of metal 

loaded  T.clypeatus cells.  This  observation  was 
further confirmed by EDX analysis which revealed 
each metal peak(s) in the spectra (Fig.4B-H). 

CONCLUDING REMARKS

Chemical modification of the biomass led 
to  significant  improvement  in  the  biosorption 
capacity  and  removal  efficiency  of  Cr(VI). 
Reconditioning the biomass  with HCl (and other 
acids),  CaCl2,  HCHO  and  (NH4)2S2O6 showed 
complete removal of Cr(VI) from aqueous solution 
even in weak acidic and neutral condition (pH 5-7). 
T.clypeatus biomass  can  be  used  as  a  suitable 
biosorbent for chromium removal in a wide range 
of pH 2-7.

Fig. 3: SEM micrograph of different metal absorbed T.clypeatus biomass (A) heat treated (control), and 
loaded with (B) Arsenic (C) Cobalt (D) Copper (E) Iron (F) Nickel (G) Lead (H) Zinc
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Fig.4: EDX spectra of different metal absorbed T.clypeatus biomass (A) heat treated (control); biomass 
loaded with (B) Arsenic (C) Cobalt (D) Copper.

Fig.4 (continued) EDX spectra of different metal absorbed T.clypeatus biomass loaded with (E) Iron (F) 
Nickel (G) Lead (H) Zinc.

Table 4 gives the comparison with other reported 
fungal biosorbents (Arief  et al., 2008). Significant 
multimetal removal ability was also recorded with 
the  biomass.  Application  of  the  biomass  for 
biosorption  requires  simple  treatment  procedures 
and  less  energy.  The  biomass  has  advantages  of 

being  ecofriendly  (generated  from  edible  fungus 
and very low leaching of soluble organic matter), 
cost effectiveness, easier separation (by filtration), 
no  risk  of  contamination  during  biosorption 
procedure, long shelf life and easy transportation

. 
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Table 4: Comparison of biosorption efficiency of hexavalent chromium by the   pretreated biomass of T. 
clypeatus with other fungal biomass

Fungal strain Physical state
Cr(VI)removal 
characteristics

Recorded 
working 
pH

References

Termitomyces clypeatus

Heat pretreated

100%,12.5 mgg-1 2.0

Present 
study

86.73%,10.84mgg-1 5.0
86.68%,10.83 
mgg-1 7.0

Chemical pretreated (acids/ 
CaCl2/ ammonium per 
sulfate/formaldehyde) 

100%,12.5 mgg-1 5.0

99.7%,12.46 mgg-1 7.0

Live (lyophilized) 91%, 11.15 mgg-1

3.0
 Das  and 
Guha, 2007Dead (by autoclaving) 62%, 7.59 mgg-1

Lentinus sajor-caju

Live 0.363 mgg-1

2.0
Bayramoğl
u  et  al., 
2005

Heat pretreated 0.613 mgg-1

HCl treated 0.478 mgg-1

NaOH treated 0.513 mgg-1

Rhizopus nigricans

Untreated 42%

2.0 Bai  and 
Abraham, 
2002

HCl treated 50-60%
NaOH treated 15%
Cetyl trimethyl ammonium 
bromide (CTAB)

75%

Polyethylenimine (PEI) 90%
 Amino propyl trimethoxy 
silane

98%

Trametes Versicolor 
polyporus

oven dried (at 70°C) 
mycelia

92% 4.0
Subbaiah 
etal., 2008

Neurospora crassa

Native biomass 0.43 mgg-1

1.0 Tunali  et  
al., 2005

Heat inactivated 9.15 mgg-1

Sodium hydroxide 
pretreated

7.40 mgg-1

Acetic acid pretreated 15.85 mgg-1

Aspergillus niger 
MTCC 2594

Live biomass 70-83% 3.0-4.0
Mala et al., 
2006

Aspergillus niger Dead biomass (by boiling in 
0.5N NaOH solution for 15 
minutes)

91.03% 2.39  mgg-1 

2.0
Kumar 
etal., 2008Aspergillus sydoni 87.95%1.76 mgg-1

Penicillium janthinellum 86.61%1.77 mgg-1
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