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Abstract The three-dimensional structure of hydrogels

plays a leading role in several areas of applications. The

hydrogels are more and more used as systems of immo-

bilized and controlled release of biomolecules in biotech-

nology and bio-pharmacy industries. To improve protein

adsorption capacity in poly(acrylamide) hydrogels, maleic

acid co-monomer was included into the reaction mixture

during hydrogel synthesis. So, hydrogels of poly(acry-

lamide) and its copolymers with diprotic maleic acid were

prepared by copolymerization and chemical crosslinking

with N,N0-methylene bis-acrylamide. Swelling behavior in

distilled water, in physiological saline and in bovine serum

albumin (BSA) solutions was studied. Influence of initial

BSA concentration on hydrogel swelling and BSA

adsorption was investigated. The high amount of maleic

acid present in the hydrogels has a significant effect on the

swelling behavior and BSA adsorption. Results showed

that the pH sensitivity of hydrogels resulted in the high

amount of adsorbed BSA. The adsorption isotherms were

described by Langmuir and Freundlich models. The ther-

modynamic parameter (DGads
0 ) was determined for all

obtained hydrogels. We demonstrated the favorable char-

acter and reversibility of the BSA adsorption process.

Keywords Adsorption � BSA � Freundlich � Hydrogel �
Langmuir � Swelling

Introduction

Immobilization of labile bioactive substances, cells and

molecules on porous support is a valuable technique used in

different domains (Sassolas et al. 2012). Certain molecules

like biomolecules and food ingredients are sensitive to their

environment (temperature, pH and/or other parameters) and

can be easily denatured with time. To preserve their natural

activity, these biomolecules are protected by immobilization

in a specific material (Pothakamury and Barbosa-Cánovas

1995). Immobilization technique ensures compatibility and

stability of biomolecules and allows tailored a specific

application. It can be used for control the release profile of

bioactive compound and can cover an unpleasant odor or

taste of biomolecules. Immobilized biomolecules are used in

food technology (protein protection), in biotechnology (en-

zymes protection) and bio-pharmacy (protection and con-

trolled release of drugs) (Chen et al. 2006;Murty et al. 2002).

The improvement of novel systems able to immobilize large

amounts of biomolecules represented an intensive and pop-

ular research field in the last years.

Hydrogels, especially poly(acrylamide), have found

broad applications in immobilized enzyme systems and in

biomolecule separation processes (Pollak et al. 1980; Kan

et al. 2014; Zhao et al. 2014, 2015). Hydrogel is a crosslinked

hydrophilic macromolecule which can be able to absorb

huge amounts of fluids without changing their form. To

improve biomolecules uptake capacity in poly(acrylamide)

hydrogels, a co-monomer carrying some specific functional

groups can be included into the reaction mixture during

polymer synthesis. As an example, hydrogels of acrylamide

and acidic comonomers can be prepared by co-polymerizing

acrylamide (AAm) with a pH-sensitive comonomer, such as

acrylic (AAc) or diprotic acids frommaleic (MA) or itaconic

(IA) acids (Solpan et al. 2003; Rintoul and Wandrey 2005;
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Ling and Lu 2008). The biocompatibility and non-toxicity of

maleic acid have promoted its use for the preparation of pH-

sensitive copolymers with acrylamide. The advantage of

maleic acid is the great hydrophilicity; it has two ionizable

groups with different pKa, showing a more pronounced pH

sensitivity of the system. The addition of maleic acid in the

poly(acrylamide) hydrogel can produce physically interac-

tions between the hydrogel and the immobilized biomole-

cule, which can significantly increase the biomolecule

uptake in hydrogel (Mellott et al. 2001).

The biomolecule can be immobilized onto hydrogels

over several of methods and approaches. Among these, the

swelling of hydrogels at equilibrium state in a biomolecule-

containing solution is the most generally used approach.

This procedure depends on water absorption capacity and

changes in drug diffusivity within the matrix. Swelling

increases polymer flexibility and makes pores bigger,

resulting in higher drug mobility (Censi et al. 2012). Bio-

molecule of bovine serum albumin (BSA) was chosen as a

model protein because it is well characterized and com-

monly used in protein adsorption studies (Ekici 2011).

In this work, we focus on how the anionic co-monomer

acidity affects the sensitive protein adsorption, their uptake

and the swelling behavior in BSA solution of the acry-

lamide-based hydrogels. For this, copolymers based on

acrylamide (AAm) and maleic acid (MA) co-monomers

were prepared by free radical crosslinking copolymeriza-

tion at higher ratios of diprotic acid. The copolymers

synthesized were used for BSA adsorption. The kinetic of

swelling in BSA solution has been studied.

Experimental

Materials

Acrylamide (AAm) and maleic acid (MA) were supplied

by Panreac Chemicals and were used as monomers.

Reagents N,N0-methylene-bis-acrylamide (BisAAm),

potassium persulfate (KPS) and N,N,N0,N0-tetramethyl

ethylene diamine (TEMED) were supplied by Aldrich

Chemicals and used as received.

Albumin from bovine serum (BSA), supplied by Aldrich

Chemicals, was used as model protein for swelling and

adsorption experiments. NaCl (Panreac Chemicals) used

for salt solutions was used as received.

Copolymer hydrogels synthesis

Hydrogels of AAm and MA were prepared by free radical

crosslinking copolymerization procedure in distilled water

which is the solvent for all components of the primary

mixture. Aqueous solutions of monomers (AAm and MA)

and crosslinking agent (NBisAAm) were prepared in 10 mL

of distilled water at different mass percentages of AAm and

MA, respectively: (100, 0%), (90, 10%), (80, 20%) and (70,

30%). The weight ratios of AAm/MA in the initial mixture

were (g/g): (1/0), (0.9/0.1), (0.8/0.2) and (0.7/0.3) for sam-

ples noted MA00; MA10; MA20 and MA30, respectively.

Concentration of the crosslinking agent was typically 1.0

wt%.Amounts of KPS (0.6 wt%) and TEMEDwere added to

solution mixture. The solution mixture was prepared under

N2 atmosphere. The reaction was kept out for 24 h in the

glass tubes at 25 �C. After the reaction, crosslinked

copolymers were cut into portions of about 5 mm length,

then washed continually with distilled water for 3 days and

finally dried in a vacuum oven at 35 �C.

Determination of the acid value of hydrogels (AVm)

The acid value of hydrogel samples is measured by volu-

metric titration method where the amount of carboxylic

acids (mg) per gram (g) of polymer was determined.

Mainly, the carboxylic functions (-COOH) were titrated

by alkali solution: the dried samples (25 mg) were swollen

in 50 mL distilled water and treated with 0.1 N NaOH

solution in the presence of phenolphthalein. The acid val-

ues of hydrogels (AVm) are summarized in Table 1.

Swelling studies

It is known that the swelling is the main characteristic for

hydrogels. For this reason, we will use this parameter to

study the immobilization of BSA in hydrogel.

The synthesized hydrogels were placed in the follow-

ing liquids distilled water, physiological saline (0.9%

NaCl), 2 g L-1 BSA solution in distilled water (BSA-

water) and 2 g L-1 BSA solution in physiological saline

Table 1 AVm and EDS values

of obtained hydrogels
Samples AVm (mg g-1) EDS [g (solvent) g-1 (polymer)]

Distilled water NaCl 0.9% BSA-water BSA-NaCl 0.9%

MA00 14.00 50.13 19.53 33.71 18.68

MA10 48.00 125.45 20.22 38.31 20.87

MA20 57.20 162.71 25.80 69.04 23.45

MA30 107.00 162.83 26.46 75.29 23.46
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(BSA-NaCl 0.9%), to swell until equilibrium at room

temperature. The swelling degree, at a time interval t, is

assessed by weighing the samples after and before

immersing in solutions. All the experiments were carried

out in triplicate and the average values have been reported

in the data.

The mass swelling degree was calculated using the

following equation (Saraydin et al. 1995)

St ¼
Mt �M0

M0

ð1Þ

where M0 and Mt are the weights of the dry gel at time 0

and the swollen gel at time t, respectively.

The influence of initial concentration of BSA

on hydrogel swelling

The variation of equilibrium swelling degree of hydrogels

as a function of the BSA concentration was studied. The

dried samples were placed in 25 mL of BSA solution at

various concentrations varied from 0 to 8 g L-1 and

allowed to swell until their equilibrium value, at room

temperature. The hydrogels equilibrium swelling was

determined for each BSA concentration and for each

sample; results are shown in Fig. 2.

Effect of initial BSA concentration and MA content

on BSA adsorption; adsorption isotherm analysis

During tests of BSA immobilization, the hydrogels may

undergo cycles of swelling and adsorption of the protein at

the same time. In order to determine the maximum amount

of BSA adsorbed, a study of adsorption at fixed tempera-

ture was carried out on hydrogels synthesized. Practically,

weighed hydrogels are placed, at room temperature, in

25 mL BSA solution at corresponding concentration

(0–8 g L-1). The hydrogels swell and adsorb the BSA up

to a fixed value. The amounts of adsorbed BSA are eval-

uated for each hydrogel and concentration. Results are

shown in Fig. 3.

Adsorption of BSA

For the adsorption measurements, the dried hydrogels

(0.1 g) were swollen in 2 g L-1 aqueous BSA solution

(BSA-water) and in 2 g L-1 saline BSA solution (BSA-

NaCl 0.9%), at 25 �C until equilibrium.

The total amount of BSA loaded in the hydrogels can be

determined by the mass change of BSA in the liquid before

and after adsorption, using the Bradford method at 595 nm

(Bradford 1976). It was calculated by the following equa-

tion (Demirel 2007):

qtðmg=gÞ ¼ C0 � Ce

Wp

� V ð2Þ

C0 and Ce are the initial and equilibrium concentration of

BSA after adsorption (mg mL-1), V volume of the BSA solu-

tion (mL) andWp mass of dried hydrogel (g), respectively.

Modeling of the adsorption isotherms

Modeling of the adsorption isotherms enable the reading of

the qt = f(Ce) curves. The data were analyzed by using

conventional models equations such as Langmuir and

Freundlich models. The linear forms of Langmuir and

Freundlich equations are (Foo and Hameed 2010):

1

q
¼ 1

qmax

þ 1

qmax � KL

� 1

Ce

ð3Þ

where qmax, KL and Ce are the amount of adsorption at

equilibrium (mg g-1), the Langmuir constant (L g-1) and

equilibrium BSA concentration (g L-1), respectively. And:

ln q ¼ lnKF þ
1

n
� lnCe ð4Þ

KF and n are Freundlich constants. 1/n is the hetero-

geneity factor of the surface, which is a measure of the

deviation from linearity of the adsorption; it specifies the

intensity of adsorption; higher is 1/n value, more favorable

is the adsorption.

One essential feature of the Langmuir isotherm can be

expressed in terms of a dimensionless constant called

separation factor RL (also called equilibrium parameter),

which is defined by the following equation (Hall et al.

1966):

RL ¼ 1

1þ KL � C0

ð5Þ

C0 is the initial BSA concentration (g L-1).

The value of RL indicates that the shape of the isotherms

is unfavorable (RL[ 1), linear (RL = 1), favorable

(0\RL\ 1), or nonreversible (RL = 0) (Weber and

Chakravorti 1974).

Determination of the standard adsorption free

energy (DGads
0 )

The bonding nature of molecules to the surface of a solid

via adsorption is evaluated by the change in the thermo-

dynamic parameters such as Gibbs free energy, enthalpy

and entropy of adsorption. The standard adsorption free

energy (DGads
0 ) is the fundamental parameter which pro-

vides a complete thermodynamic description of the system.

This parameter determines whether the process is sponta-

neous or not. It was given by the following equation:
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DG0
ads ¼ �RT lnK0 ð6Þ

DGads
0 is the change of standard free energy of adsorp-

tion (J mol-1); R, T and K0 are the universal gas constant

(8314 J mol-1 K-1), the absolute temperature in Kelvin

and the thermodynamic equilibrium constant, respectively.

K0 is a dimensionless parameter and can be got from the

Langmuir isotherm using the correction method described

by different authors (Zhou and Zhou 2014; Bentiss et al.

2005). A negative value of DGads
0 concluded that the pro-

cess of adsorption was spontaneous (Chen et al. 2013).

Results and discussion

Copolymer hydrogel synthesis

Copolymeric hydrogels were prepared with different per-

centages of acrylamide and maleic acid by free radical

copolymerization/crosslinking in aqueous solution using

the same amounts of crosslinking agent (NBisAAm) and

redox system as initiator (KPS ? TEMED).

From literature, the amide function of acrylamide

monomer has a great affinity and compatibility with car-

boxyl groups (maleic acid). Therefore, the gel based on

acrylamide and maleic acid is obtained and decreases with

increase in the amount of diprotic maleic acid. The esti-

mated acid values of our hydrogels indicate that the con-

centration of carboxylic acid within hydrogels increases

with the initial weight of diprotic maleic acid in the total

weight of monomers reacting. Correspondingly, they are

varying from 14 to 107 mg g-1 with 0 to 300 mg of maleic

acid (Table 1). The first value of AVm corresponds to

MA00 hydrogel which does not contain maleic acid in its

structure. This is probably due to the hydrolysis of amide

groups of acrylamide monomer during the polymerization.

Same results about hydrolysis of acrylamide during the

reaction were reported by Kasgöza et al. (2005).
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Fig. 1 Swelling kinetics of poly(AAm-co-MA) hydrogels in: a distilled water, b physiological saline (NaCl 0.9%), c 2 g L-1 BSA-water and

d 2 g L-1 BSA-NaCl 0.9%
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Swelling studies

The swelling curves of poly (AAm-co-MA) hydrogels in

distilled water, physiological saline, BSA-water solution

and BSA-NaCl 0.9% solution are shown in Fig. 1 named a,

b, c and d, respectively.

The hydrophilicity of hydrogels is ensured by the car-

boxylic groups attached to amide functions of acrylamide.

In this case, the swelling occurs through electrostatic

repulsion between anions present within the network and

by the polymer elasticity (Mahdavinia et al. 2004, 2012).

The kinetic study of the hydrogels swelling shows a rise

of swelling with increase in the acid content, except for the

MA30 hydrogel where the swelling was slow with a low

rate. But once it reaches its equilibrium state, it exceeds the

other values (see Table 1). This must be due to the

hydrogen bonding between the carboxyl and amide groups

within the network; increase in the amount of MA in the

gel increases the hydrogen bonding in the system.

The swelling in saline solution was appreciably

decreased comparing to those swelling in distilled water.

The counter ions Na? take up places next the carboxylate

sites and limit the formation of hydrogen bonding between

(–COO-) and water molecules. This limitation results in a

decrease in repulsive forces among (–COO-) groups along

polymeric segments, which reduce the osmotic pressure

and hence the swollen hydrogels shrink dramatically.

These results show the ionic character and pH sensitivity of

hydrogels.

The swelling of the poly(AAm-co-MA) in the BSA

solution is lower than that in the distilled water because of

the difference on osmotic pressure between water and BSA

solution. The liquid uptake by the hydrogels increases with

time, but after a certain time it reach equilibrium.

The equilibrium swelling degrees (EDS) of poly(AAm)

and its copolymer hydrogels in different mediums are

determined using the following equation:

EDS ¼ Meq �M0

M0

ð7Þ

Meq and M0 are the mass of swollen gel at equilibrium and

mass of dry gel.

Results are shown in Table 1. As expected, EDS values

of the copolymers were higher than that of pure poly(-

AAm). The presence of BSA and Na? in external solution

decreases the electrostatic repulsion in the anionic matrix

and allows physical links between them, resulting in the

decrease of hydrogel swelling. The EDS values of all

hydrogels decrease in the following order:

EDS distilled waterð Þ[EDS BSA� waterð Þ
[EDS NaCl 0:9%ð Þ[EDS BSA � NaCl 0:9%ð Þ

Kinetic diffusion studies

To clarify the nature of solute diffusion within hydrogel,

Peppas have suggested a semi-empirical equation (Peppas

et al. 2000):

St ¼
Mt �M0

M0

¼ KSt
n ð8Þ

This equation is valid for initial swelling, when St/

Smax\ 0.6.

KS and n are gel specific constant and characteristic

exponent for the solute mode transfer.

The diffusion coefficient D (cm s-1) can be assessed by

the following relationship (Karadag and Saraydin 2002):

St ¼ 4 � D

pr2

� �1=2
�t1=2 ð9Þ

where r is the radius of cylindrical polymer sample (cm).

D can be got from the slope of the straight lines of St versus

t1/2 (Table 2).

Table 2 shows the effect of acid content and nature of

media on the kind of solute diffusion within hydrogels. From

this table, it is observed that all values of n are more than 0.5,

indicating that all samples follow non-Fickian diffusion. In

this case, the diffusion of water, NaCl and BSA is similar to

the relaxation of polymer chains. In distilled water and for

MA20 hydrogel, the value of n is approximately close to 1,

Table 2 Kinetic constants of diffusion

KS n D 9 102 (cm.s-1) R2

Distilled water

MA00 0.130 0.868 7.940 0.99

MA10 0.099 0.980 15.874 0.99

MA20 0.082 1.072 28.404 0.99

MA30 0.087 0.979 12.031 0.99

Physiological saline

MA00 0.234 0.656 2.857 0.99

MA10 0.460 0.584 3.704 0.98

MA20 0.417 0.622 6.217 0.99

MA30 0.236 0.675 3.562 0.99

BSA-water

MA00 0.261 0.740 8.546 0.99

MA10 0.184 0.793 7.663 0.99

MA20 0.187 0.890 22.721 0.99

MA30 0.271 0.921 60.359 0.99

BSA-NaCl 0.9%

MA00 0.196 0.682 2.593 0.99

MA10 0.264 0.670 4.128 0.99

MA20 0.323 0.659 5.494 0.99

MA30 0.175 0.746 4.192 0.99
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corresponding to case-II diffusion. As the diffusion type is

case-II mechanism, the relaxation of polymer chains is

slower than the diffusion mechanism. The greater n values

(n[ 0.5) indicate that the swelling ratios were larger and

hydrogels will absorb solvent faster.

The D values were affected by the nature of external

medium and hydrogel composition; mainly values of

D increased with an increase in the amount of MA

monomer. This is due to ability of hydrophilic carboxyl

groups to stimulate the solvent diffusion within the matrix.

Influence of BSA initial concentration on hydrogel

swelling

BSA adsorption onto hydrogels mainly depends on the

swelling behavior of the hydrogel; higher swelling degree

suggests larger amount of BSA adsorbed. Results analysis of

Fig. 2 shows that at 2 g L-1 BSA concentration the equi-

librium degree of swelling drop dramatically, and as BSA

concentration increase the hydrogels EDS becomes stable.

The copolymer hydrogels show a significant decrease in

their degree of swelling when the BSA concentration exceeds

2 g L-1. After this limit, the swelling is consistent and

stable for all hydrogels. This concentration (2 g L-1) should

be chosen for BSA adsorption onto obtained hydrogels.

Whatever the initial BSA concentration, the swelling of

hydrogels increases with an increase in the amount of MA

comonomer.

Effect of initial BSA concentration and MA content

on BSA adsorption; adsorption isotherm analysis

The effect of the initial BSA concentration on the amount

of BSA adsorbed onto poly(AAm-co-MA) hydrogels is

shown in Fig. 3.

As seen in the figure, the amount of BSA adsorbed

increases with the increase in the MA content for all initial

BSA concentrations. This may be due to the significant

interactions between the anionic hydrogel and BSA bio-

molecules. These interactions increase with an increase in

the number of ionized MA in the hydrogel, which in turn

increases the free volume of gel accessible for BSA dif-

fusion. The initial BSA concentrations influence too in the

amount of BSA adsorbed onto hydrogels (Mahdavinia and

Etemadi 2015; Mahdavinia et al. 2016). The amount of

BSA adsorbed found in this study are higher than those in

literature (Saraydin et al. 1994, Öztop et al. 2003).

Adsorption isotherms modeling

Langmuir and Freundlich models were used for repre-

senting the adsorption isotherms and for easily reading the

qt = f (Ce) curves. Analysis of hydrogels adsorption iso-

therms gives the results presented in Figs. 4 and 5.

The BSA adsorption isotherm shapes onto hydrogels

agree the behavior of the L- type of Giles and Smith’s

classification (Giles et al. 1960). This kind of isotherm

suggests that the attraction forces between molecules of

BSA and hydrogel are of physical nature (ionic interaction,

hydrogen bonding). Values of the models constants were

determined using Eqs. (3) and (4), respectively, and are

summarized in Table 3.

From these results, it can be concluded that the

Langmuir and Freundlich models were more satisfactory

to describe mathematically the experimental curves

obtained (R2[ 0.91). The Langmuir constant KL increa-

ses with acid content, indicating that the adsorption sur-

face becomes quickly saturated. The adsorption capacity

(qmax) increases with increase in MA content. This

increase in the MA amount in the gel increases the
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physical interactions between the MA carboxyl groups

and amide groups of the protein. In this study, we con-

firmed that incorporation of MA into poly(acrylamide)

increases the swelling of hydrogels; and poly(AAm-co-

MA) hydrogels swelled very well in the BSA solution.

Higher swelling abilities of these hydrogels allowed

retention of more BSA molecules and water within the

hydrogel. As shown in Table 3, a higher amount of MA

(30%) produces a decrease in the adsorption capacity of

copolymer. This decrease is probably due to higher

number of carboxyl groups which repulse BSA molecules

initiating a decrease in the hydrogels adsorption capacity

(Karadag et al. 1994). All adsorption values found in this

study are higher than those in the literature.

The values of the exponent (1/n) found were all lower

than 1, which confirm that isotherm was of the L-type and

that BSA molecules have a significant affinity for these pH-

sensitive hydrogels. Values of the adsorption equilibrium

parameter (0.467\RL\ 0.933) which are lower than 1,

show that the adsorption is favorable (see Fig. 6).

Determination of the standard free energy

of adsorption (DGads
0 )

From Eq. (6), the thermodynamic parameters of adsorption

energy were determined at 293�K. Table 4 shows ther-

modynamic parameters of BSA adsorption onto hydrogels.

From the table it is evident that, the negative value of free

energy change indicated the spontaneous nature of sorption,

which confirmed the affinity of the hydrogels for the BSA

molecules. The adsorption mechanism was reversible and

thermodynamically favorable; the inclusion of BSA within

the hydrogel matrix is done by a physical adsorption system.

Another remark observed is that the DGads
0 was not

influenced by the amount of MA co-monomer in hydrogels.

Adsorption of BSA

The choice of 2 g L-1 concentration of BSA solution was

described above in the study. The partial (qi) and total (qt)

amounts of BSA adsorbed in the polymer matrix are deter-

mined for all hydrogels. These values are shown in Table 5.

From the table, the amount of BSA adsorbed increases

with acid content of hydrogels. In physiological solution,

the values of qi (mg/g) are low compared to these in dis-

tilled water, because of the sensitivity of BSA to Na?

cations. These last may develop physical links with BSA

molecules which prevent its adsorption onto hydrogels.

From the table, values of BSA adsorption vary with the

swelling of hydrogels (important swelling involves a sig-

nificant adsorption) (Kim et al. 1992).
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Fig. 4 Linear Freundlich adsorption isotherm of BSA onto poly(-

AAm-co-MA) hydrogels
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Fig. 5 Linear Langmuir adsorption isotherm of BSA onto poly(-

AAm-co-MA) hydrogels

Table 3 Values of Langmuir

and Freundlich constants
Samples Langmuir Freundlich

qmax (mg g-1) KL (L g-1) R2 KF (mg g-1(L g)-1/n) 1/n R2

MA00 245.09 0.133 0.98 29.93 0.723 0.96

MA10 671.14 0.072 0.96 48.10 0.773 0.97

MA20 1135.51 0.071 0.99 79.50 0.807 0.96

MA30 719.42 0.142 0.99 88.44 0.784 0.99
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In thisworkwe showed that incorporation of diproticmaleic

acid to poly(AAm) hydrogels involves a higher swelling and

higher BSA adsorption capacities. These results indicate that

these copolymer hydrogels may be used as a support for the

protein separation or a superabsorbent material.

Conclusions

In this study, poly(acrylamide-co-maleic acid) hydrogels

with high amount of diprotic acid were prepared by

copolymerization and chemical crosslinking with methy-

lene bis-acrylamide.

The swelling kinetics of these hydrogels in distilled

water, physiological saline and BSA solutions were

investigated. The swelling and BSA adsorption of

hydrogels were affected by hydrogel composition and

nature of external medium. Copolymer hydrogels with

higher acid content (MA30) have a higher concentration

of anionic groups providing a higher degree of swelling.

Additionally, acidity of co-monomer is a key factor for

the swelling behavior of the copolymer hydrogels. The

presence of BSA and Na? in swelling media weakly

decreased the swelling degree of copolymers because of

the physical interactions established between these entities

and anionic groups within the hydrogel matrix. In addi-

tion, amount of BSA adsorbed decreased also in presence

of Na?. Influence of initial BSA concentration on swel-

ling behavior of hydrogels was demonstrated. At a con-

centration of 2 g L-1, the swelling was regular and

stable for all hydrogels. Amount of BSA adsorbed

increased with increase in hydrogel acid content. Model-

ing analysis showed that Langmuir and Freundlich models

fit well the BSA adsorption isotherms, negative values of

DGads
0 explain the favorability and reversibility of BSA

adsorption onto hydrogels.

The study advised that these copolymers showed high

swelling degrees and high BSA uptakes, suggesting their

application in biotechnology and pharmaceutical industry

as controlled release drugs system and as protein separation

processes.
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