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Abstract  
          In recent years many researches has been focused on the use of biomass residues as low 

cost and locally available adsorbents for the removal of different organic and inorganic 

chemicals by the adsorption process .In this study, the powders of walnut shell and peach Nuclei 

were used in  their charcoal form for the removal of  Bovine serum Albumin  (BSA) the from  

the aqueous solution .Various experimental parameters such as BSA concentration ,contact time , 

adsorbent dose ,pH and temperature were studied to establish the conditions for the removal 

adsorption of  BSA .Experimental data of a were fitted to the Langmuir and Freundlich 

adsorption isotherm equations .Results showed that the maximum extent of adsorption occurs in 

pH=6 and pH=2  at a  temperature of 292K for walnut shell and peach Nuclei charcoal 

respectively .The values of the removal percentage and distribution  coefficient (Kd) were 50.8% 

and 101.6 on the surface of peach seed charcoal while 64.1% and 85.45 on walnut shell charcoal 

.Thermodynamic function   ΔG , ΔH and ΔS  showed that the adsorption process is exothermic 

while it is endothermic for walnut shell and peach Nuclei respectively  
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Introduction                                                         

                                                                      

        A real understanding of life processes require as understanding of how  proteins and other 

endogenous macromolecules perform their actions . Proteins can be viewed  as copolymers 

consisting of different amino acids , connected through the so-called     peptide bond . The 

simplest amino acid is characterized is in terms of its hydrophobic or hydrophilic nature [1]
 
. For 

proteins to exploit their functions , they must be fold into the correct tree-dimensional 

structure[2] .Albumin is a major element found in the blood . protein plays a big role in fighting 

off infections and building or repairing muscle tissues . Blood plasma contains three major 

protein fractions : albumin , globulin and fibrinogen [3] . In Humans , sheep , goats , rabbits and 

rats, three are mostly albumin , while in horses ,pigs and cattle either  the ratios of albumin and 

globulins are almost equal or globulins prevail [4,5]  . serum albumin consists of a globular 

protein synthesized by the liver in mammals , It is the most protein in the serum making 60% of 

the total globular protein in blood plasma [6-9]. 

       Bovine serum albumin is very interesting biophysical and bio chemical systems and has 

been frequenctly studied over the last 40 years .Its primary structure is very well known 

consisting of 585 amino acid residues , whereas its secondary structure contains 67% of alpha 

helix  and 17 disulfide bridges that confer to the protein a remarkable stability [10] . (BSA) is a 
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large globular protein (66KDa)   containing amino acid residues in a single chain that has a 

known sequence : the tree dimension  conformation of BSA is composed of three homologous 

domains specific for metals and fatty acids [11] . Several types of forces and responsible for the 

acquisition of these structures are several including enthalpic ones (electrostatic interactions , 

hydrogen bonding , Vander walls , stacking ) and entropic ones (hydrophobic interaction )[12,13] 

.  Different researches are conducted on BSA, including BSA electrospinning ,unfolding ,and 

refolding at an acid PH[14-15] , the interaction of photosensitive surfactants with BSA[16] , 

lysozyme and BSA adsorption on uncoated silica and AlooH-Coated silica particles [17] , and 

Fluorescence dynamics of BSA conjugated CdZnS nanocry stallites[18] .                                         

           The structures of the attached BSA lager on the biomaterial particles play a significant 

role . Also the association or equilibrium constants of the adsorption of BSA were determined 

and represented by the isotherm curves in the function of the zeta potential measurements [19] . 

The effect of the albumin size on the adsorption capacity and rate is determined for the acryl 

aminobased polymeric anion exchanger . The homogenous diffusion model east used to predict 

the experimentally observed trends with respect to the albumin concentration and boundary layer 

mass transfer  effect[20].  

                                                                                                  

The Aims of study                                                                          

1)- This work is concerned with the study of 10 available charcoal  derived as an adsorbent for 

the removal of Bovine serum albumin from solutions .                                                                                                

2)-The determination of the optimum conditions to adsorption higher quantity of BSA such as 

temp. , pH , weight of adsorbent , concentration of   solution,and  contact time                                                                                           

3)- The calculation of thermodynamic parameters and  determination of a suitable adsorption 

isotherm. 

                                                                            

Experimental                                                                                  

Materials and instruments                                                                      
1.Bovine serum albumin was supplied by Sigma Chemical Co.                                                                

2.Spectrophotometer T604 ,pg,Instruments ,LTD  

3. sensitive Balance with Germany decimal  

4.pH-meter HANNA,Portugal  

5.Oven memmert ,Edelstahi,Germany  

6.Shaker Bath ,Indicator GCA,Chicago  

7.Centrifugal ,Herouse, septch  

 

Preparation of derived charcoal  

         The derived charcoal used in this study was prepared by pulverizing the walnut shell and 

peach Nuclei into powder in the laboratory pulverizing ;it was washed and dried in oven . It was 

then heated  in furnace up to 600C° for two hours [21] 

 

Preparation of Bovine serum albumin solution 

 The stock solution of BSA was made by dissolving 0.04gm of the Bovine serum albumin in 

250ml double distilled water which contained 200mg/L of BSA . The solutions of different 

concentrations were prepared by serial dilutions of between (10-100mg/L)  

 

 



International Journal of Advanced Scientific and Technical Research                  Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 82 
 

Methods 

          The adsorption rate data at different temperatures and initials pH values have been 

obtained by allowing the commercial optimum derived charcoal solute (0.15gm) of derived 

charcoal from peach Nuclei that has 20ml of BSA , to mixed in a shaker water bath at 90mins 

with derived charcoal from walnut shell and for 180min in the case of  derived charcoal from 

peach Nuclei . Then it was filtered and the residual amount of BSA was determined 

spectrophotometrically  depending on  the Beer-Lambert law . 

           The amount of BSA retained by charcoal derived was calculated from the relation [22] 

m

VCeCo
Qe

)( 
 …………………(1) 

Where :- 

  Co   is the initial concentration (mg/L) 

  Ce   is the equilibrium concentration (mg/L) 

  V    is the total volume of BSA (L) 

  m   is the weight of charcoal derived (gm) 

  Qe  is the adsorption capacity (mg/g)  

 

 

Result and Discussion 

 Adsorption Isotherms 

            In this study, the adsorption of BSA on charcoal derived at various concentrations was 

studied at 292K,(Figure 1). The Langmuir and Freundlich isotherm models were used to interpret 

the efficiency of BSA biosorption .The Langmuir isotherm assumes that absorption occurs 

uniformly on the active sites of the sorbent , and once a sorbate occupies a site , no more 

absorption can take place at this site [23] . The Langmuir model is presented by following 

equation  

Ce       1          1 

ـــــــــ = ــــــ  Ce....................(2)  ــــــ + 

qe      KQm       Qm 

Where  KL and a are Langmuir constants which represent the sorption capacity and intensity 

respectively[24,25] , ( Figure 2). 

          The Freundlich isotherm is an  empirical model that is assumed  a heterogeneous surface , 

and is presented below :- 

                                1  

Log Qe = log Kf  + ـــــــ log Ce ………….(3)                    

                                n 

where : Kf and n are Freundlich constants which are  maximum adsorption capacity and energy 

of adsorption respectively,(Figure3) . Both Linears  isotherms the relationship between Qe , Ce . 

Different Parameters namely Kt , a , Kf , n and R
2
 of  both models were calculated and are 

presented  in table (1). 

 

Contact time effect 

           To study the charcoal derived capacity of BSA sorption, samples of synthetically polluted 

water are prepared by adding was studied specific quantities of pollutants  . The 

adsorption amount of the BSA varies as a function of contact timeinveestigated . The time of 
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equilibrium  of BSA on charcoal derived from walnut shell was reached within 90min of 

capacity(11.720mg/g) while contact time on charcoal derived from peach Nuclei  was within 

180min of capacity (11.20mg/g ), figure (4) 

 

Adsorption dosage effect 

          To investigate the effect of the adsorbent dosage , the adsorptions of BSA on charcoal 

derived from walnut shell and peach Nuclei were measured at four different amount of adsorbate 

(0.05,0.1,0.15,0.2mg)  and 15 ml  from solution for an initial BSA concentration of 100mg/L , 

Figure(5). The adsorbent dosage optimum of BSA on charcoal derived from walnut shell and 

peach Nuclei was at 0.1gm . 

 

pH Effect 

         The sorption characteristics of charcoal derived are determined at pH 2 to 14  versus Qe as 

illustrated in Figure (6) . The system is strongly pH dependent . The properties of both the 

charcoal derived and the solution composition of BSA change with pH [27]. The number of 

active sites on the surface of the adsorbent may change with the varying pH. The maximum 

amount of adsorption is at pH =7 on charcoal derived from walnut shell while pH=2 on charcoal 

derived from peach Nuclei . 

 

Temperature  Effect  

          The effect of temperature on the adsorption extent of BSA on two surfaces has been 

studied .Figure (7) illustrates data and general shapes of BSA adsorption at (292 , 302 , 312 , 322 

, 332 K ). The results showed an increase in the amount of the BSA adsorbed on to charcoal 

derived from peach Nuclei with the increase of temperature , hence the adsorption process 

appeared endothermic [28]
 
while it was exothermic on   the charcoal derived from the walnut 

shell .  

 

Thermodynamic parameters 

        The thermodynamic parameters for the adsorption of BSA on charcoal derived as follows: 

         The change in free energy (ΔG) can be determined from the equation [28]  

                       Qe 

ΔG° = -RT ln (4).……………ــــــــــــــ                  

                        Ce 

     Where :- R is the gas constant (8.314 J. mol
-1

 . k
-1

)  

              T is the temperature (K)  

    The heat of adsorption (ΔH) may be obtained from the vant Hoff's  equation[29] : 

 

                    - ΔH 

Log Xm = ـــــــــــــــــــــــــــــ + Constant……(5) 

                   2.303RT 

     Where :- Xm is the maximum value of adsorption . The plotting of log Xm     versus (l/T) 

should produce a straight line with a slope . 

   - ΔH 

 .as shown in Figure(8)   ــــــــــــــــــــــ

  2.303R 

        The change in entropy ΔS° was calculated from the Gibbs equation [30] 
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ΔG = ΔH - TΔ S………….(6) 

 

The   determined distribution Coefficient and removal percentage values are calculated from 

equation[31]: 

 

……………(7) 

 

Kd= x
Co

CeCo
.

)( 
  ……………(8) 

                           

      The removal the values of BSA on charcoal derived from peach Nuclei increase from 50.8 to 

76.5 % and the from 101.6 to 153  when the temperature increased from 292k to 332 k, while 

The removal percentage of BSA on charcoal derived from walnut shell decreased from 64.1 to 

59.7 % and Kd the values from 85.45 to 79.58 as shown in table(3). 

 

Table (1):- Freundlich and Langmuir isotherms of ions using charcoal derived at 292K 

 

Table(2):- Thermodynamic values of  ions using charcoal derived   at 292K  

                           

 

  Table (3):- Removal %  and distribution Coefficient values of BSA on charcoal  derived   

 

R
2
 k Qm R

2
 n Kf surface 

0.2869 0.239 0.239 0.8541 0.876 0.258 Walnut shell 

0.7943 0.635 0.636 0.875 2.169 1.402 Peach Nuclei 

ΔS(J.mol
-1

.k
-1

 ) ΔG(KJ.mol
-1

 ) ΔH(KJ.mol
-1

. ) surface 

22.191 1.166 -1.684 Walnut shell 

16.41 3.444 8.233 Peach Nuclei 

Peach Nuclei Walnut shell Temp.    

Kd Removal % Kd Removal % 

84.6 50.8 85.45 64.1 292 

85.7 60.5 85.04 63.8 302 

86.8 66.9 82.11 61.6 312 

88.2 71.7 80.11 60.1 322 

89.8 76.5 79.58 59.7 332 

100
)(

%Re x
Co

CeCo
movel




V 

m 
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Figure(1):Adsorption isotherms  for BSA on  charcoal 

derived
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Figure(2):Langmuir  linear  forBSA  on  charcoal derived
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Figure(3):Freundlich linear  forBSA  on  charcoal derived
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Figure(4):Effect of contact time for BSA on  charcoal derived
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Figure(5):Effect of weight  for BSA on  charcoal derivedا
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Figure(6):Effect of pH for BSA on  charcoal derived
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