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Abstract

In this study, chitosan beads were prepared by using a cross-linking agent and the resulting beads were employed in immobilization
process. Studies on free and immobilized pepsin systems for determination of optimum temperature, optimum pH, thermal stability, pH
stability, operational stability, storage stability and kinetic parameters were carried out. The optimum temperature interval for free pep-
sin and immobilized pepsin were 30–40 and 40–50 �C, respectively. Free and immobilized pepsin showed higher activity at pH 2.0–4.0.
Apparent Km = 12.0 g L�1 haemoglobin (1.56 mM tyrosine) and Vmax = 5220 lmol (mg protein min)�1 values were obtained for free
pepsin, while apparent Km = 20.0 g L�1 haemoglobin (2.16 mM tyrosine) and Vmax = 2780 lmol (mg protein min)�1 values were
obtained for immobilized pepsin. Thermal stability and storage stability of immobilized pepsin were higher than that of free pepsin. Milk
clotting activity was used for evaluation of the applicability of pepsin immobilization to industrial process. Optimum milk clotting tem-
perature was found as 40 �C for free pepsin and 50 �C for immobilized pepsin.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Enzymes have a wide variety of biotechnological, bio-
medical, and pharmaceutical applications. They are used
as biosensors in bioengineering, clinically as therapeutic
agents, in modern diagnostic tool, and as catalyst for chem-
ical or biochemical reactions (Betigeri & Neau, 2002). In
chemical and biochemical reactions, purified enzymes can
be rather costly and have to be discarded after each use
which is not economical. A large research of work has been
devoted to the polymeric carriers, especially to immobiliza-
tion of the proteins onto carriers (Kennedy & Melo, 1990).
Since the recovery yield and reusability of free enzymes as
industrial catalysts are quite limited, attention has been
paid to enzyme immobilization which may offer advantages
over free enzymes; for example, possibility of continuous
process, rapid termination of reactions, controlled product
formation, ease of enzyme removal from the reaction mix-
0308-8146/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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ture, and adaptability to various engineering designs (Cao,
Langen, & Sheldon, 2003). Enzymes are often immobilized
onto solid supports to increase their thermal and opera-
tional stability, and recovery. Methods available for
enzyme immobilization can be divided into two general
classes: chemical methods, where covalent bonds are
formed with the enzyme, and physical methods, where
weak interactions between support and enzyme exist. Pro-
tocols for covalent enzyme immobilization often begin with
a surface modification or activation step. The surface can
be bound to aldehyde groups using glutaraldehyde (Kra-
jewska, Leszko, & Zaborska, 1990). A great number of
synthetic or natural carriers with different shapes/sizes,
porous/non-porous structures, different hydrophilicities
and binding functionalities, have been specially designed
for various bioimmobilization and bioseparation proce-
dures (Gemeiner, 1992). Chitosan, a poly-N-acetylglucos-
amine, is a transformed oligosaccharide obtained by
deacetylation of chitin, and it is the second most abundant
biopolymer after cellulose. Since it is highly biocompatible
and easily biodegradable, chitosan has been used as a raw
material for medical applications such as surgical sutures,
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artificial skin and immunosuppressant (Chandy & Sch-
arma, 1990; Chiou & Wu, 2004; Khor, 2002; Krajewska
et al., 1990). Chitosan, chitin and their derivatives have
been considered as versatile biopolymers in food applica-
tions. In that sense, these biopolymers offer a wide range
of unique applications including bioconversion for the pro-
duction of value- added food products (Shahidi & Syn-
owiecki, 1991), preservation of food from microbial
deterioration (Papineau, Hoover, Knorr, & Farkas,
1991), formation biodegradable films (Kittur, Kumar, &
Tharanathan, 1998), recovery of waste material from food
processing discards (Pinotti, Bevilacqua, & Zaritzky, 1997),
purification of water (Deans & Dixon, 1992), and clarifica-
tion and deacidification of fruit juices (Soto-Perlata, Mul-
ler, & Knorr, 1989; Spagna et al., 1996). The solubility of
chitosan in organic acids allows for gel, membrane and
bead fabrication (Cetinus & Oztop, 2003; Krajewska
et al., 1990). Gel, membrane and beads forms of chitosan
have been used for enzyme (protein, cell) immobilization
as support material (Cetinus & Oztop, 2003; Chiou &
Wu, 2004; Freeman & Dror, 1994; Krajewska et al., 1990).

Pepsin is an endopeptidase with a broad specify. Pepsin
is produced in the mucosal lining of the stomach and
degrades proteins. Pepsin is one of three principal pro-
tein-degrading, or proteolytic enzymes in the digestive sys-
tem, the other two being chymotrypsin and trypsin. The
three enzymes were among the first to be isolated in crystal-
line form. During the process of digestion, these enzymes,
each of which is particularly effective in severing links
between particular types of amino acids, collaborate to
break down dietary proteins to their components, i.e., pep-
tides and amino acids, which can be readily absorbed by
the intestinal lining. In the laboratory studies pepsin is
most efficient in cleaving bonds involving aromatic amino
acids, phenylalanine, tryptophan, and tyrosine. Pepsin is
synthesized in an inactive form by the stomach lining;
hydrochloric acid, also produced by the gastric mucosa,
is necessary to convert the inactive enzyme and to maintain
the optimum acidity (pH 1–3) for pepsin function. Pepsin
and other proteolytic enzymes are used in the laboratory
analysis of various proteins; pepsin is also used in the prep-
aration of cheese and other protein-containing foods (Coo-
per, Khan, Taylor, Tickle, & Blundeli, 1990; Hasem, 2000;
Kamatari, Dobson, & Konno, 2003).

In recent years, pepsin has been immobilized on various
supports. For example, pepsin vas immobilized on modi-
fied alumina complex, designing a continuous stirred tank
reactor for producing bioactive hydrolysate (Ticu et al.,
2005). In another work, it was immobilized on chemically
modified poly methyl methacrylate (PMMA) microspheres
to investigate Km and Vmax values for free and immobilized
enzymes (Li, Hu, & Liu, 2004). It was also reported that
pepsin was immobilized on activated Sepharose 4B for
affinity chromatography and pepsin was completely
adsorbed to affinity columns (Frydlova, Kucerova, &
Ticha, 2004). Kurimoto, Harada, Akiyama, Sakai, and
Kato (2001), reported that immobilization on agarose
beads for in vitro refolding, and renaturation of pepsin
was extremely slow. The present study, aimed to investigate
immobilization of pepsin used specially for food industry
on chitosan beads and to find kinetic parameters, thermal
stability, storage stability, pH stability for immobilized
and free pepsin.

2. Materials and methods

Porcine pepsin (E.C. 3.4.23.1), glutaraldehyde, glyoxal
(trimer dihydrate), and bovine haemoglobin were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Chitosan
(High molecular weight MW � 600,000) was obtained from
Fluka Chemie AG (Buchs, Germany). Tetrasodium pyro-
phosphate, TCA (trichloroacetic acid), and all other chemi-
cals were obtained from Merck AG (Darmstadt, Germany).

2.1. Preparation of chitosan solution

Chitosan flakes (2.5 g) were added into 99 ml of distilled
water and suspended by magnetic stirring for 10 min. One
millilitre of glacial acetic acid was then added and mixing
continued for 3 h at room temperature, the solution was
then filtered through a gauze pad and was stored at room
temperature and used within one week.

2.2. Preparation of cross-linking solution

To prepare the cross-linking solution, glyoxal hydrate
(10 g) was added to 250 ml of distilled water, heated at
80 �C for 10 min and then cooled to room temperature.
The solution was mixed with an equal volume of 3% (w/
v) tetrasodium pyrophosphate solution (pH 8.0). The solu-
tion was used on the same day of preparation.

2.3. Preparation of chitosan beads

Chitosan solution was added dropwise into the cross-
linking solution (volume ratio 1:5 ) at room temperature
by pumping the chitosan solution (1.5 ml/min) through
the internal tube of an injector. The beads were allowed
to cure for 30 min and washed three times by incubation
in the same volume of 0.05 M phosphate buffer, pH 7.0.

2.4. Reinforcement of chitosan beads by glutaraldehyde

treatment

Freshly prepared beads were incubated in cold 0.05%
(w/v) glutaraldehyde solution in 50 mM cold phosphate
buffer (pH 7.0) for one hour. The brownish reinforced
beads were washed several times with 50 mM cold phos-
phate buffer (pH 7.0).

2.5. Immobilization of pepsin on chitosan beads

Chitosan beads were mixed with 0.5 mg ml�1 pepsin
solution (prepared in 0.01 M HCl) at 20 �C and left for
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5 h with slight stirring and finally washed until free pepsin
disappeared. Then the beads dried in a vacuum incubator
at room temperature and stored at 4 �C.

2.6. Determination of immobilized protein amount

The amount of immobilized enzyme was estimated by
subtracting the amount of protein determined in the super-
natant after immobilization from the amount of protein
used for immobilization. The protein content in solutions
was determined by the method of Bradford (1976).

2.7. IR Spectra of the chitosan beads

The FTIR spectra were recorded by using a UNICAM
Mattson 1000 FTIR spectrometer, and the sample and
KBr were pressed to form a tablet.

2.8. Pepsin activity assays

Proteolytic activity of pepsin was estimated according to
the method of Bergkvist (1963) as well as Hasem (1999,
2000), by determining the amount of hydrolysis of dena-
tured haemoglobin solution by enzyme after incubation
for 15 min at 40 �C. One unit (U) enzyme activity was
taken as the amount of enzyme which liberated 1 lmole
of tyrosine (min ml)�1. The reaction was started by the
addition of 0.4 ml enzyme solution (or 10 mg dry chitosan
beads containing immobilized enzyme after incubation in
0.01 M 2 ml of HCl at 40 �C for swelling equilibrium) to
2.0 ml of acid denatured haemoglobin solution (10 g L�1)
prepared in 0.01 M HCl and the mixture was gently stirred
in a test tube at 40 �C. At time intervals after mixing the
reaction was stopped by the addition of 4.0 ml of 5.0%
(w/v) TCA solution. Samples were subjected to centrifuga-
tion and filtration. The pepsin activities were estimated
from the increase in UV absorbance of the supernatant
at 280 nm.

Milk clotting activity was measured by the method of
Berridge (1952) as well as Hasem (1999, 2000). Free and
immobilized pepsin samples were incubated with reconsti-
tuted skimmed milk at 40 �C and clotting time recorded.
One unit of enzyme activity (U) was taken to be that clot-
ted 10 ml of milk in 10 min.

The effect of substrate concentration on the activity was
tested by using increasing concentrations of haemoglobin,
Vmax and Km values of immobilized and free pepsin were
determined.

2.9. The pH profiles and pH stability of free and immobilized

pepsin

Effect of pH value on the activities of free and immobi-
lized pepsin were carried out at pH range 2.2–7.0 (by using
appropriate buffer solutions). Activity of pH profiles was
determined at indicated pH values using a 10 g L�1 haemo-
globin solution at 40 �C.
The pH stability of free and immobilized pepsin was
ascertained by measuring the residual activity of enzyme
exposed at various pH (2.2–7.0) in buffer solution for 5 h.
Activities of samples were performed at optimum condi-
tions. (10 g L�1 haemoglobin in 0.01 M HCl, 40 �C)

2.10. The temperature profiles and thermal stability of free

and immobilized pepsin

Activity of temperature profiles was determined at indi-
cated temperatures (20–70 �C) using a 10 g L�1 haemoglo-
bin solution in 0.01 M HCl.

The thermal stability of free and immobilized pepsin was
ascertained by measuring the activity of the residual
enzyme exposed at various temperatures (20–70 �C) in
0.01 M HCl solution for 5 h. Activities of samples were
performed at optimum conditions (10 g L�1 haemoglobin
in 0.01 M HCl, 40 �C).

2.11. The operational stability of free and immobilized pepsin

The retention of the immobilized enzyme activity was
tested as described in the activity assays of pepsin. After
each reaction run, the enzyme immobilized chitosan beads
were removed and washed with 0.05 M HCl solution to
remove any residual substrate within the chitosan beads.
They were then reintroduced into fresh reaction medium
and enzyme activities were detected at optimum conditions.

2.12. The storage stability of free and immobilized pepsin

The activity of free and immobilized pepsin after storage
in 0.01 M HCl at 5 �C was measured in a batch operation
mode with the experimental conditions given above.

The results of pH, temperature, reusability and storage
stability of free and immobilized pepsin were presented in
a normalized form, with the highest value of each set being
assigned the value of 100% activity.

3. Results and discussion

Enzymes have been used in several industrial processes
for a long time. Detergent, textiles, food (starch, baking,
drinks), animal feed, pulp and paper, leather are among
the main industries that use enzymes. Pepsin has been used
especially in the food industry as a milk coagulant to make
cheese (Cooper et al., 1990; Hasem, 2000; Kamatari et al.,
2003). Many studies on immobilization of pepsin have been
reported (Frydlova et al., 2004; Li et al., 2004; Ticu et al.,
2005). In this study, we investigated immobilization of pep-
sin onto chitosan beads.

The potential use of enzyme and cell immobilized chito-
san beads carried out in acidic medium raises a general
problem. As chitosan is soluble in acidic solutions, the con-
tinuous prolonged exposure of chitosan beads, made via
counter-ion precipitation, may result in gel softening and
bead disintegration. We used a procedure for the prepara-
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tion of chemically cross-linked chitosan beads (Freeman &
Dror, 1994). This procedure is based on the addition of the
acidic chitosan solution into a mixture diphosphate and
nontoxic dialdehyde glyoxal, resulting in chemically
cross-linked chitosan beads. Glyoxal cross-linked chitosan
beads were exposed to glutaraldehyde solution as a com-
plementary stability curing treatment. As Schiff�s base
formed between chitosan and glyoxal is essentially revers-
ible, continuous prolonged operation under acidic conditions
may result in gradual leakage of glyoxal. Glutaraldehyde
irreversible cross-linking via Schiff�s base may lead to chito-
san beads exhibiting high operational stability.

The FTIR spectra of the chitosan pretreated glutaralde-
hyde (Fig. 1A) show peaks at 910 and 1153 cm�1 and these
peaks of the assigned to saccharide structure. There has
been a significant peak at 1574 cm�1, which can be attrib-
uted to the characteristic peak of C–N forming from the
cross-linking reaction between chitosan and glutaralde-
hyde. In Fig. 1B a peak appeared at 1600 cm�1, which
can be attributed to the formation of C@N because of
the imine reaction between amino groups from enzyme
and aldehyde groups in glutaraldehyde. In our previous
study (cell immobilization on chitosan film), we found a
similar results (Oztop, Saraydın, & Cetinus, 2002). Glutar-
aldehyde activation of supports is a method for irreversible
immobilization of proteins through a single amino-support
link. The proposed method of immobilization of pepsin on
chitosan beads using glutaraldehyde is summarized in
Scheme 1.
3.1. Kinetic studies

Kinetics of the proteolytic activity of free and immobi-
lized pepsin was investigated at various concentrations
Fig. 1. The IR spectra of chitosan beads: pretreated
(5.0–30.0 g L�1) of denatured haemoglobin as a substrate.
These data were plotted according to the method of
Lineweaver–Burk (Figs. 2a and 2b) and kinetic parameters,
apparent Km and Vmax were calculated from the graphs.
The apparent Km value of free pepsin (12.0 g L�1 haemo-
globin or 1.56 mM tyrosine) was found to be lower than
that of (20.0 g L�1 haemoglobin or 2.16 mM tyrosine)
immobilized pepsin. The pepsin immobilized chitosan
beads exhibited apparent Km value which was about 1.88-
fold higher than that of free pepsin. This increase in appar-
ent Km value might be either due to structural changes in
the enzyme induced by the applied immobilization proce-
dure or due to the lower accessibility of the substrate to
the active site of the immobilized enzyme (Kennedy &
Melo, 1990). The Vmax value of 2780 lmol (mg pro-
tein min)�1 exhibited by pepsin immobilized chitosan
beads was found to be lower than that of free pepsin
[5220 lmol (mg protein min)�1]. In another work, pepsin
was immobilized on chemically modified poly methyl meth-
acrylate (PMMA) microspheres and was found that Km
value was larger and Vmax was smaller in immobilized form
than those in the free form (Li et al., 2004). A similar result
involving change in Km and Vmax values of enzyme after
immobilization has been reported in the literature (Cetinus
& Oztop, 2003; Kennedy & Melo, 1990; Krajewska et al.,
1990). Our results are also in accordance with the literature
report.

The activation energy (Ea) for free and immobilized pep-
sin was evaluated, as shown in Table 1. The activation
energies for free and immobilized pepsin were found to
be 8.01 and 6.95 kcal/mol, respectively. The activation
energy of the immobilized pepsin was lower than that of
the free pepsin, which indicates a lower sensitivity to tem-
perature as well as significantly higher affinity for the active
site of the chitosan support.
glutaraldehyde (A) and pepsin immobilized (B).



OH

H
H

NH2H

OH

CH2OH

H
OH

H
H

NH2H

OH

CH2OH

H
O O

O H

H
H

NH2 H

OH

CH2OH

H
O H

H
H

NH2 H

OH

CH2OH

H
OO

OH

H
H

N =CHH

OH

CH2OH

H
OH

H
H

N=C-HH

OH

CH2OH

H
O O

O H

H
H

NH2 H

OH

CH2OH

H
O H

H
H

N=C-H
H

OH

CH2OH

H
OO

OH

H
H

N=C-H
H

OH

CH2OH

H
OH

H
H

N=C-HH

OH

CH2OH

H
O O

O H

H
H

NH2 H

OH

CH2OH

H
O H

H
H OH

CH2OH

H OO

H-C=O

H-C=O

+

Chitosan

Glutaraldehyde

Glutaraldehyde -pretreated   chitosan

+ H2N - ENZYME

N=C-H

Enzyme immobilized chitosan

N-ENZYMEH-C=

H-C= O

Scheme 1. Possible immobilization mechanism of pepsin on chitosan
beads.

Fig. 2a. Lineweaver–Burk plot for free pepsin at 40 �C.

Fig. 2b. Lineweaver–Burk plot for immobilized pepsin at 40 �C.

Table 1
Activation energy (Ea) and kinetic parameters for free and immobilized
pepsin

Types Ea (kcal/mol) Vmax (U/g
chitosan or mL)

Km (g L�1

haemoglobin)

Free pepsin 8.01 5220 12.0
Immobilized pepsin 6.95 2780 20.0
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3.2. The pH profiles and pH stability of free and immobilized

pepsin

The pH activity profiles of free and immobilized pepsin
were compared. The results are given in Fig. 3. The opti-
mum pH values for free and immobilized pepsin were the
same. The optimum pH range was obtained as 2.2–3.0
for free and immobilized pepsin.

The pH stabilities of immobilized and free pepsin were
compared by immersing in buffer solutions pH range of
2.2–7.0 for 5 h at 40 �C and then determining the activity
at its optimum pH. The results are shown in Fig. 4. The
free and immobilized pepsin remained more stable in the
pH range at 2.2–4.0.

The stability of various immobilized enzymes can fre-
quently be improved when inorganic supports are used
instead of organic polymers because of greater dimensional
stabilities of inorganic supports. Shifts in pH optimum with
immobilization have been found for many enzymes. Anio-
nic supports tend to shift the pH optimum toward the alka-



Fig. 5. Effect of temperature on the activities of free and immobilized
pepsin: (m) free enzyme and (j) immobilized enzyme.

Fig. 4. pH stability of free and immobilized pepsin at 40 �C: (m) free
enzyme and (j) immobilized enzyme.

Fig. 3. Effect of pH value on the activities of free and immobilized pepsin
at 40 �C: (m) free enzyme and (j) immobilized enzyme.
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line side; cationic supports tend to shift the pH optimum
toward the acidic side. Pepsin is a strongly acidic protein
and shows high enzymatic activity at lower pH values (Coo-
per et al., 1990; Hasem, 2000; Kamatari et al., 2003). In this
study, chemically cross-linked chitosan beads were used as a
support material. Chitosan beads do not carry a charge at
neutral pH. If the pH values decrease in solution, chitosan
beads can be charged positively at lower pH because hydro-
gen ions can bind to free amino groups. However, limited
number of available amino groups on cross-linked chitosan
beads reduces number of bound hydrogen ions. Therefore,
solution pH was not expected to shift to acidic side signifi-
cantly. For that reason acidic microenvironment did not
change the pH profile and pH stability of pepsin.

3.3. The temperature profiles and thermal stability of free
and immobilized pepsin

The temperature dependence of the activities of the free
and immobilized pepsin were studied in 0.05 M HCl solu-
tion at temperature range of 20–70 �C and temperature
profiles of free and immobilized pepsin are shown in
Fig. 5. The optimum temperature range for free and immo-
bilized pepsin was found to be about 30–40 and 40–50 �C,
respectively. The conformational flexibility of the enzyme
was affected by immobilization. Immobilization of pepsin
on chitosan beads caused an increase in enzyme rigidity
which is commonly reflected by increase in stability
towards denaturation by raising the temperature (Abdel-
Naby, 1993; Jiang & Zhang, 1993).

Thermal stability was investigated by incubating free
and immobilized pepsin on chitosan beads at temperatures
ranging from 20 to 70 �C for 5 h and then determining the
activity at optimum reaction temperature. The effect of
temperature on stability of free and immobilized pepsin is
illustrated in Fig. 6. Free pepsin has shown high stability
at 40 �C, and immobilized pepsin has high stability at 40–
50 �C. There was no activity loss for the immobilized pep-
sin at 50 �C. However, the free pepsin activity decreased at
the same temperature. At 50 �C, immobilized pepsin on
chitosan beads retained an activity of about 100%, whereas
the activity retained by the free pepsin was only 60%. The
authors demonstrated that the thermal stability of enzymes
may be drastically increased if they are attached to a com-
plementary surface of a relatively rigid support in a multi-
point (Martinek, Kilbanov, Goldmacher, & Berezin, 1977).

3.4. Reusability and storage stability

When comparing performance of immobilized biocata-
lysts, intended for preparative or industrial use, character-
ization of their operational stabilities is very important.
The operational stability of immobilized pepsin in the cur-
rent study was evaluated in repeated batch process. Fig. 7
shows the effect of repeated use on activity of immobilized
pepsin. The pepsin immobilized chitosan beads retained a
specific activity of 95% after three reuses. After that activity
decreased gradually. This brings an advantage over using
free pepsin.



Fig. 6. Thermal stability of free and immobilized pepsin: (m) free enzyme
and (j) immobilized enzyme.

Fig. 8. Storage stability of free and immobilized pepsin at 5 �C: (m) free
enzyme and (j) immobilized enzyme.

Table 2
Optimum milk clotting temperature for free and immobilized pepsina

Temperature (�C) Milk clotting activity (%)

Free pepsin Immobilized pepsin

20 2.52 4.2
30 7.50 8.2
40 100.0 83.0
50 90.0 100.0
60 21.0 5.0
70 0.63 1.0
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The storage stability of free and immobilized pepsin is
shown in Fig. 8. The pepsin immobilized chitosan beads
did not exhibit any activity loss up to 30 days at 5 �C,
but the activity decreased after 30 days as opposed to 5
days for that of free pepsin. The decrease in activity is
explained as time dependent natural loss, and this can be
prevented to a significant degree by immobilization. Also
this immobilization brings another advantage by increasing
enzyme stability for another 25 days at 5 �C as judged by
storage stability experiments.

3.5. Temperature effects of free and immobilized pepsin on
milk clotting activity

The temperature dependence of milk clotting activities
of the free and immobilized pepsin were studied in 10 ml
milk in the temperature range 20–70 �C and temperature
profiles of free and immobilized pepsin are shown Table
2. As can be seen from Table 2 optimum milk-clotting tem-
peratures for free and immobilized pepsin were 40 and
50 �C, respectively.
Fig. 7. Reusability of immobilized pepsin at 40 �C.
Thermal stability was investigated by incubating the free
pepsin and immobilized pepsin on chitosan beads at tem-
peratures ranging from 20 to 70 �C for 5 h, the milk clot-
ting activity at is optimum reaction temperature was then
determined. The effect of temperature stability on milk
clotting activity of free and immobilized pepsin is illus-
trated in Table 3. It was found that thermal stability tem-
perature of immobilized pepsin and free pepsin were
40 �C, and milk clotting activity and thermal stability of
immobilized pepsin at 50 �C was higher than that of free
a Each experiment performed at least three times and average values
were reported. Activities were presented normalized form, with the highest
value of each set being assigned the value of 100% activity.

Table 3
The effect of thermal stability on the milk clotting activity of free and
immobilized pepsina

Temperature (�C) Milk clotting activity (%)

Free pepsin Immobilized pepsin

20 2.80 2.5
30 40.0 30.0
40 100.0 100.0
50 45.0 88.0
60 NCb NCb

70 NCb NCb

a Each experiment performed at least three times and average values
were reported. Activities were presented normalized form, with the highest
value of each set being assigned the value of 100% activity.

b NC = no clotting.
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pepsin. Because of thermal denaturation, free and immobi-
lized pepsin did not show milk clotting activity at 60–70 �C.

4. Conclusions

Immobilization of porcine pepsin on chitosan beads has
been successfully carried out. Our experiments have shown
that the pepsin immobilized on chitosan beads exhibits an
improved resistance against thermal denaturation. It was
found that thermal stability and storage stability of immo-
bilized pepsin were greater than that of free pepsin. As
shown by milk clotting experiments, immobilizations of
pepsin can have several applications in industrial processes.
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