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Abstract

Pectinase (E.C.3.2.1.15), pectinex ultra SP-L enzyme from Aspergillus aculeatus has been immobilized on
different supports materials i.e. porous glass beads, chitin, chicken bone, sand and calcium alginate also the
kinetic parameters of immobilized forms were determined. The retention activities of bounded enzyme
preparations were found to be 81.86, 74.07, 78.39, 75.85 and 77.09% for the above mentioned supports,
respectively. The optimum pH was 4.8 for immobilized forms on sand and Ca-alginate ge] beads, but 1t was 4 %
tor chitin enzyme compliex. 'the other preparations of pectinex ultra SP-L on giass beads and chicken bone had
the maximum activity at pH's 5.2 and 5.0, respectively. On the other hand, optimum temperature reached 55° for
immobilized enzyme on chicken bone, 50°C for immobilized enzyme on activated sand and Ca-alginate but
immobilized forms on glass beads and activated chitin were found to be at 60°C.

Kinetic behaviors of the immobilized enzyme with different supports were determined. The free enzyme
showed K,, value of 0.74 g/100 g pectin which was increased after immobilization to 0.81, 0.79 and 1.01 g/100
¢ pectin for immobilized pectinex ultra SP-L on glass beads, activated chitin and Ca-alginate, respectively. A
decrease in V. values occurred upon enzyme immobilized for all supports. Also, the immobilized enzyme on
the above mentioned supports can be used 4 times with only lost about 5.52, 9.23, 5.81, 6.36 and 11.11% of 1ts
original activity. Enzymatic saccharification processes were 90.75, 86.78, 88.10, 82.84 and 74.95%, respectively
for immobilized pectinase enzyme on glass beads, chitin, chicken bone, sand and Ca-alginate, respectively.

Key word: Pectinase enzyme — Immobilization - Aspergillus aculeatus - Pectinex ultra SP-L Enzyme - (lass

beads — Chitin - Chicken bone - Sand - Calcium alginate.

Introduction

Pectinases are a complex group ot enzymes that
degrade  various pectic  substances  present
In plant tissues. Pectinases have potential
applications in fruit, paper and textile industries.
Apart from these industrial applications, these
enzymes possess biological importance in protoplast
fusion technology and plant pathology. Since many
applications of pectinases in various fields, 1t is
important to understand the nature and properties ot
these enzymes for efficient and effective usage
(Gummadi and Panda, 2003).

Enzyme immobilization in the food processing
industry helps in development of continuous process,
economic organization of operations, automation and
decrease of labor, greater control over reactions, high
volumetric productivity and low residence time.
Utilization of immobilized enzymes give products
that are relatively pure, which 1s an important tactor
especially in food processing and pharmaceutical
industries where contamination could be of serious
toxicological, Sensory or immunological
consequences. Enzymes can be immobilized on a
variety of natural and synthetic supports. The choice
of support and/or technique depends on the nature of
the enzyme, 1its substrate and its application.
Attempts have been carried out to immobilize
commercial pectinase preparations on  various

supports for fruit processing and endopoly-
galacturonase (Demiral ef al., 2004).
Csanadi and Sisak (2006) studied

immobilization of pectinex ultra SP-L pectinase on
an anion exchange resin. The temperature and pH
optima of the solid-phase biocatalyst were 53°C and
5.6, respectively. Also, the immobilized form
showed almost no decrease in its activity during 12
reaction cycies.

Lei et al. (2007a) used chitosan-tethered stlica
particle from a layer-by-layer approach for pectinase
immobilization. Kinetic parameters of free and
immobilized pectinase were calculated as 8.28 and
9.98 mg pectin ml ', respectively for K, and 1.165
¢! pectin/g enzyme, 1.124 g' pectin/g particle for
V.. Of free and immobilized enzymes, respectively.

Lei et al. (2007b) studied the combined magnetic
and chemical covalent immobilization of pectinase
on composites membranes. V., values for free and
immobilized pectinase enzymes were 1.165, 1.112
g'l pectin/g enzyme, respectively. However, K
value of immobilized enzyme (9.86 g pectin ml')
was higher than that of free enzyme (8.28 g pectin
ml"). They added that the pH optimum and
temperature optimum of free and 1mmobilized
pectinase were found to be pH 6.0 and 65°C.

Li et al. (2007) reported that pectinase was
immobilized onto  alginate  support  using
glutaraldehyde as a coupling agent, which yielded
relatively high level of restdual activity (66%).
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Li et al. (2008) evaluated the immobilization and
stabilization of pectinase by multipoint attachment
onto an activated agar-gel support. They found that
that optimal temperature for pectinase activity
changed from 40 to 50°C after immobilization;
however, the optimal pH remained unchanged. The
immobilized enzyme also exhibited great operational
stability, and an 81% residual activity was observed
in the immobilized enzyme after 10.batch reactions.

Li et al. (2009) immobilized pectinase enzyme on
Fe,0,/S510, as solid support by covalent attachment.
They found that the immobilized enzyme retained
>50% of 1its 1nitial activity over 30 days, and the
optimum temperature and pH also increased to the
Langes of 50-60°C and 3.0-4.7, respectively.

Buga et al. (2010) studied the physico-chemical
characteristics of 1mmobilized polygalacturonase
from Aspergillus niger (SA6) by entrapment using
calcium alginate. They found that the K, and V,
values of the immobilized form were 1.1 mg ml"
and 1.65 yumole/min/mg, respectively. The optimum
pH and temperature of the 1mmobilized
polygalacturonase were 4.5 and 40°C, respectively.
The activity of the immobilized polygalacturonase
reduced to 34.56 and 14.81% of the initial activity in
the second and third catalytic cycles, respectively.

Jun et al. (2011) evaluated the acidic endo-
polygalacturonase (PGAIl) from Bispora sp. MEY-1.
The K, and V,,, values for polygalacturonic acid
were found to be 1.25 mg ml" and 2526 uM/min/mg,
respectively.

The aim of the present work is to study the
kinetic parameters of pectinase enzyme complex
after immobilization such as pH, temperature and
substrate concentration. Also, attempts were carried
out for immobilization of these enzymes which are
considered as the most popular enzymes used for
industrial purposes by using supports 1.e. glass beads,
chitin, chicken bone, sand and sodium alginate.
Besides that, the optimum conditions of immobilized
application for continuous conversion of pectin
extracted from orange peels were investigated and
compared with those free enzymes. This point is very
from the economical point of view.

Materials and methods

1. Enzyme source:

Commercially available pectinase (E.C. 3.2.1.13),
pectinex ultra SP-L enzyme from Aspergillus
aculeatus was used without further purification and
obtatned from NOVO Nordisk ferment (NOVO
INDUSTRIA, A/S Comp. DENMARK) and was
stored at 4°C.

2. Supports for the immobilization techniques:
Glass beads, chicken bone and sodium alginate

were obtained from Sigma Chemical Co. (ST Louis,

MO 63178 USA). Chitin was purchased from

Alderich Chem. Co. Sand was obtained from Sina
desert, Egypt.

3. Chemical reagents:

The commercial substrates used in this study

were polygalacturonic acids (PGA) purchased from
British Drug House LTD [B.D.H.] to be used as
standard references.
Glutaraidehyde, 3-Aminopropylethoxy Stlane
(APTS), Na-alginate, sodium metaperiodate,
cyanoborohydride and ethylenediamine were obtained
from Sigma Chemical Co. All other reagents were
purchased from El-Gomharya Chemical Company,
Cairo, Egypt.

4. Experimental methods:
4.1. Assay of soluble and immobilized enzyme
activites:

Both soluble and 1mmobilized preparations
pectinex ultra SP-L activities were determined
spectrophotometrically as described by Demirel ef
al. (2003) using polygalacturonic acid as a substrate.
4.2. Determination of reducing sugars:

Reducing sugars (D-galacturonic acid) were
determined by Nelson's colorimetric method
(1944), modified by Somogyi (1952).

5. Immobilization methods for pectinex ultra SP-

L enzyme:

In general enzymes are 1mmobilized with
different techniques. The enzymes can be adsorbed
to 1nsoluble materials, entrapment 1n matrix gels,
cross-linked with bifunctional reagents, or covalently
bound to an insoluble carrier via reaction between
functional groups of the protein and reactive groups
on the carrier surface (Walt, 1987).

S5.1. Immobilization of pectinase enzyme on

porous glass beads:
Porous glass beads were firstly activated by 3-

. aminopropy! triethoxy silane (APTS) to immobilize

pectinase (pextinex ultra SP-L) enzyme. The
silanization procedure was performed as described
by Weetall (1993). The a-amino groups of lysine of
enzyme molecules were attached to the aminopropyl
glass beads via glutaraldehyde (2.5%) which produce
activated modified alkylamine glass derivative.

5.2. Immobilization of pectinase enzyme on chitin:

Immobilization of pectinex (pectinex ultra SP-L)
enzymes on chitin (chitosan polysaccharide) were
carried out according to the method described by Lel
et al. (2007a).

5.3. Immobilized of pectinase enzyme on chicken
bone (Biobone):

Chicken bone was used as support for the
immobilization of enzymes (pectinase) by the
method described by Schafhauser and Storey
(1992).

5.4. Immobilization of enzymes on sand:

This enzyme was immobilized on sand according

to the method described by Weetall (1993).
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5.5. Entrapment with calcium alginate gels:
Pectinase enzyme was entrapped with calcium

alginate according to the method described by Buga
et al. (2010).

6. Determination of protein content:
Enzyme protein content was determined by the

method described by Bradford (1976).

7. Factors affecting on the reaction activity and
reaction velocity of immobilized pectinex ultra
SP-L. enzyme:

7.1. Effect of pH on the reaction activity:

The activity of pectinase (pectinex ultra SP-L)
cnzyme  preparations were tested on diffcient pH
values, of 3.6,3.8,4.0,4.2,44,4.6,4.8,5.0,5.2, 5.6,
5.8 and 6.0 in acetate buffer (0.2 M), using 2.5 ml of
pectin (1%) as substrate and 0.5 ml diluted enzyme.
The incubation period was 15 min at 40°C and the
resulted reducing sugar was carried out according to
the method mentioned by Somogyi (1952).

7.2. Effect of temperature on the reaction activity:
The activity of pectinase enzyme preparations

were tested at difterent temperatures 1.e., 30, 35, 40,

45, 50, 55, 60, 65, 70 and 75°C, using 2.5 ml of

pectin solution (1%) in acetate bufter (0.2 M, pH 4.8)

as substrate. Determination of the resulted reducing

sugar was carried out according to the method
mentioned before.

7.3. Effect of substrate concentration on reaction
velocity of immobilized pectinase enzyme:

The effect of substrate concentration on reaction
velocity of immobilized pectinase (pectinex ultra SP-
L) enzyme forms were tested by using different

concentrations of pectin solutions, of 0.2, 0.4, 0.6,
08, 10,12, 1.4, 1.6, 1.8 and 2.0% in acetate butfer

(0.2 M), pH 4.8). The process was carried out at .

55°C tor 15 min in water bath and the produced
reducing sugar was carried out as mentioned before
by Nelson's (1944) and which was modified by
Somogyi (1952).

Voax and K, values of immobilized pectinase
enzyme were determined by measuring the activities
reaction rates (under the optimum conditions) in the
presence of various substrate concentrations. Also,
K, and V,, were determined using the Lineweaver-

Burk (1954).

8. Stability of free and immobilized preparations
on different supports:

The stability assays of different preparations ot
pectinase (pectinex ultra SP-L) enzyme were
performed at optimum temperature and optimum pH
for immobilized forms 1n an aqueous medium (0.2
mM acetate bufter) using the same amount of
enzyme.

9. Reuse of immobilized enzymes:
The activity and
immobilized pectinase preparations on different

relative activity (%) of

supports were evaluated according the method
described by Woodward (1985) after 6 times with
reported washing.

10. Effect of incubation time on the enzymatic
hydrolysis of pectin:

Different incubation periods 1.e. 60, 90, 120, 150,
180, 210 and 240 min were tested for continuous
hydrolysis of pectin by using free and immobilized
forms on different supports. The reaction mixtures
were carried out at determined optimum temperature
and pH for each enzyme forms. The resulting
reducing sugars (as galacturonic acid) were measured
according to the method described by Somogy
(1952).

Results and discussion

1. Effect of different methods supports and
immobilization parameters on the retention
and reaction activity of immobilized pectinex
ultra SP-L. enzyme:

The present part of this study deals with attempts
for immobilization of pectinase (pectinex ultra SP-L)
enzyme by using various immobilization techniques
and different support materials in order to fined the
optimal immobilization method and support for this
enzyme. This enzyme has been immobilized on
different supports 1.e. porous glass beads, chitin,
chicken bone, sand and calcium alginate.

1.1. Retention activity of preparations pectinex
ultra SP-L enzyme on different supports:

The pectinase enzyme was immobilized on
different support materials 1.e. glass beads, chitin,
chicken bone, sand and Ca-alginate by using
different methods of the immobilization process. The
retention activity and stability of each immobilized
forms are of major importance. The quantity of the
enzyme bounded to each support besides the
retention activity after immobilization has to be
considered in assessing such support materials. The
effects of different supports and methods on the
retention activity of pectinex ultra SP-LL enzyme
preparations were evaluated and the obtained results
are presented in Table (1). From the obtained data,
this enzyme has been bounded with or within all the
evaluated different supports but with different
retention activities. The highest efficiency loading
capacity of immobilized enzyme form was found
with a support of glass beads, which simply means
that the support was bounded with the high amount
of protein enzyme added. The retention activity was
81.86%. In case of pectinase-alginate system, activity
retention of immobilized pectinase was 77.09%. On
the other hand, chitin and sand as solid supports
showed the lowest bounded materiai which was
accompanied with the lowest retention activities
which amounted to 75.85 and 74.07% with sand and

chitin, respectively.

Annals of Agric. Sci.,, Moshtohor, Vol. 50 (2) 2012.
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The decrement 1n the retention activity of the
pectinex ultra SP-L. enzyme preparations with chitin
and sand may be due to the weaker boding between
the enzyme and the above supports. Also, 1t may be
due to the desorption of the enzyme from the support
as they effect on such linkages. Besides, that the
enzyme may be conformationally difterent when
fixed on support or cause diffusion limitations which
would markedly decrease the observed enzyme
activity.

However, the retention activity of bound pectinex
ultra pectinex ultra SP-LL enzyme on to granular
chicken bone (Biobone) by noncovalent interaction
equaled to 78.39%. The noticed decrement in the
relation activity of the pectinase preparations with
above difterent supports may be due to perturbation
of catalytic pathway of the enzymic reaction would
reflect events arising from the fact that enzyme-
substrate interactions occur in a different micro
environmental effects when an enzyme s

immobilized on a solid support (Vaillant et al., 2000
and Karakus and Pekyardimci, 2009).

2. Properties and characterization of immobilized
pectinex ultra SP-L. enzyme on different
supports:

The optimum factors influence the immobilized
enzyme reaction e.g. pH, temperature and substrate
concentration were determined for the immobilized
pectinex ultra SP-L enzyme within or on different
supports under investigation. Also, stability and
reuse of immobilized preparations with different
supports were evaluated.

2.1. Effect of pH on the activity of immobilized
forms:

The obtained enzyme activities for immobilized
pectinex ultra SP-L enzyme forms are presented 1n
Table (2) and illustrated 1n Fig. (1).

am
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Figure 1. Effect of pH on the reaction activity of
immobilized pectinase (pectinex ultra SP-L) on
different supports.

The maximum activity was observed at pH 4.8
for free pectinase as mentioned before. While, the
immobilized enzyme on activated sand and
entrapped within Ca-alginate gel beads had the same
pH value. The maximum activities were found to be

290.70 and 321.35 umM/L/min for immobilized
forms on sand and Ca-alginate gel beads,

respectively. However, chitin bounded enzyme
complex exhibits the maximum activity at pH 4.6
and which amounted 358.96 ymM/L/min. On the
other hand, immobilized pectinex ultra SP-L. enzyme
preparations on glass beads and chicken bone
(Biobone) gave the highest reaction activity at pH',
5.2 and 5.0, respectively.

These results are different from the obtained
results of such of observation that pectinase
immobilized enzyme on alginate.

2.2. Effect of temperature on the reaction activity
of immobilized pectinase on different

supports:
The obtained results are presented in Table (3)

and Tig. (2). The optimum temperatures  fol
immobilized pectinase forms on activated sand and
Ca-algmate gel beads were obtained at 50°C.
However, this enzyme was immobilized on chicken
bone (Biobone) showed the maxium activity at 53°C
which amounted to 358.96 uM/L/min. On the other
hand, the maximum reaction activities of
immobilized pectinex ultra SP-L enzyme on glass

beads and activated chitin were found to be at 60°C
and equaled 27691 and 314.52 pmM/L/min,

respectively.

Figure 2. Effect of temperature on the reaction activity of
immobilized pectinase (pectinex ultra SP-L) on
different supports.
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The temperature-activity curves coincided with
the results of pectinex ultra SP-L immobilized on
magnetic duolite-polystyrene particles (Demirel et
al., 2004), silica-coated chitosan particle from a layer
by layer approach for pectinase immobilization (Lel
and Bi, 2007a), pectinase adsorbed on a noval type
of colloidal particles (Lei et al, 2007b) and
pectinase immobilized on an activated agar-gel
support by multipoint attachment (L1 et al., 2008).
However, these results differed from the previous
studies by Li et al. (2007 and 2008) in which the

optimal temperature of 40°C for pectinase
immobilized on the alginate support remained
unchanged.

2.3. Effect of substrate concentration on the
reaction activity of immobilized pectinase on
some different supports:

The effect of substrate concentrations ot 0.2, 0.4,

0.6, 0.8, 1.0, 1.2, 14, 1.6, 1.8 and 2.0% on the

reaction velocity of 1mmobilized pectinase on

different supports such as glass beads, chitin and Ca-
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alginate gel beads were estimated. K and V ax
calculated from the equations of these plots and the
results were summarized at Table (4) and illustrated
in Fig. (3a, b). The maximum reaction velocity
(Vimax) were 304.38, 253.08 and 212.04 pymM/L/min
for pectinex ultra SP-L enzyme for immobilized
enzyme on glass beads, activated chitin and Ca-
alginate gel beads, respectively. These values for
immobilized forms were lower than that the native

torm (430.92 umM/L/min).
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Figure 3. Effect of substrate concentration on reaction
velocity of free and immobilized pectinase (pectinex
ultra Sp-L) enzyme on different supports

T'hese decrease in V., after immobilization
largely reflect the percentage of enzyme initially
immobilized on different supports, also this
observation can be attributed to steric effect which
resulting from the banding between the active centers
ot the enzyme and the activated support.

Ky of immobilized enzyme on different supports
can be obtained by the half point of the experimented
curve as showing in Fig. (3a). The values of K, were
0.81, 0.79 and 1.01 g/100 g pectin for immobilized
on glass beads, activated chitin and Ca-alginate,
respectively, if compared with native pectinase (K., =
0.74 g/100 g pectin).

The above mentioned obtained results indicated
that the K, values of immobilized enzyme forms
were higher than that of free enzyme. This increase
in the K, values was either due to the conformational
change of the enzyme resulting in a lower possibility
of forming a substrate-enzyme complex, or to the
lower accessibility of the substrate to the active sites
of the immobilized enzyme caused by the increased
diffusion limitation. Also, K., values of immobilized
forms were determined by Lineweaver and Burk
(1954) technique and shown in Fig. (3b). These
results differ partially with those reported by Lei and
Bi (2007a,b), Lei et al. (2007a,b), Li et al. (2008)
and Buga et al. (2010).
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3. Stability of native and immobilized pectinex
ultra SP-L enzyme on different supports:

The stability of the native and immobilized
pectinex ultra SP-L enzyme on porous glass beads,
chitin, chicken bone, sand and Ca-alginate were
investigated by measuring the enzyme activities or
relative activities at certain time intervals. The
obtained results are given in Table (5) and tllustrated
in Fig. (4).

On the basis of relative activity, it could be
observed that the native enzyme lost about 19.13%
after 120 hrs. On the other hand, the immobilized
pectinex ultra SP-L. enzyme on soild supports lost
about 7.77, 5.33, 5.87 and 7.57% compared with the
ortgmal activity for glass beads, chitin, chicken bone
and sand, respectively after 120 hrs. Moreover, the
entrapped pectin within Ca-alginate lost about
10.35% of all its initial activity after 120 hrs. These
results agree with that reported by Lei et al. (2007a,
b), L1 et al. (2008) and Karakus and Pekyardimci
(2009).

~—— Native enzyme —&8— immobilized on glass beads
—ar—— Immabilized on chain --mw - =Immgoorlized gn chicken bone

——a— Immabkllized on Sang —x— Immobilized on Ca-alginate

i 70 . . , — | |
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Figure 4. Stability of native and preparations of
immobilized pectinase (pectinex ultra Sp-L) enzyme on
different supports.

4. Reusability of immobilized pectinex ultra SP-L
enzyme on different supports:

In the batch reaction repetitions 6 times, the
activity and relative activity of the immobilized
pectinex ultra SP-I. enzyme on different supports
under investigation were evaluated and the obtained
results are shown in Table (6) and illustrated in Fig.

(3). _
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Figure 5. Reusability of immobilized pectinase (pectinex
ultra SP-L) enzyme on different supports.
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The immobilized enzyme on each glass beads, chitin
and sand lost 16.63, 17.57 and 16.49% of the original
activity after 6 cycles. This may be due to readsorbed
of pectinase enzyme on the above mentioned
supports from surface area of these supports and
physical loss of weakly bound enzyme from the
support. On the other hand, the immobilized form on
Ca-alginate gel beads last about 24.19% and 75.81%
relative activity after consecutively repeating the
reactions 6 times. This value of 75.81 was lower than
that obtained by using the alginate support under the
same condition (80%) by Li et al. (2007a).
Entrapped enzymes usually suffer gradual loss of
activity after several catalytic cycles due to leakage
of the enzyme mto the swrrounding medium.
Moreover, Biobone enzyme complex exhibited the
highest relactive activity (88.37%), of the initial
activity after 6 cycles. Consequently, 1t can be used
for industrial applications and Ca-alginate for food
industry (fruit processing).

5. Saccharification of pectin by immobilized

pectinase:
Saccharification processes include the stages of

conversion of extracted pectin from citrus peel as
substrate 1nto mixture of mono- and oligomers
containing of D-galacturonic acid as reducing sugars.
These processes were carried out in stirred reactor at
optimum temperature and pH for each immobilized
pectinase preparations under investigation at 200
rpm.  Also, enzymatic saccharification were
accomplished for different periods of time, 60, 90,
120, 150, 180, 210, and 240 min.

The obtained results of these processes are
presented in Table (7) and Fig. (6). From these
resutts, the highest conversion values of
saccharification process was 84.15% for native
pectinase enzyme with 20 g/I. extracted citrus pectin
at period of reaction of 180 min (3 hrs).

‘ ~——O——— Free enzyme - Glass beads Py Chtin ‘

_r - - ¥ - = Chicken bone ——3—— Sand 5 Ca-alginate
95 |
90 1
85 §- %
;.# ..-_- .
80 P , - S
2 02 / ——a
70
65 . |
95 .
o . , | |
0 50 100 150 =200 25(] 300
Time of incubation {mMmln)

Figure 6. Enzymatic sacchrification of pectin by free and
immobilized pectinase (pectinex ultra SP-L) enzyme
with different supports.

On the other hand, conversion percent of
extracted citrus pectin with immobilized pectinase on
activated glass beads reached its maximum value of
90.75% at period time of 150 min (2%2 h) when
compared with other immobilized forms. This may
be due to the activity of the immobilized pectinase,
especially 1in a covalently bound system on activated
glass beads, being resistant to heat and denaturing

Saad, S.M.M. et al.

agents than that of the soluble form. Also, the
stability of the immobilized form was increased by
immobilization attachment (Karakus and
Pekyardimici, 2009). However, immobilized
pectinase within Ca-alginate was the lowest value
(74.95%) of saccharification process at period time
of 90 min (1%2 h). The reduction of conversion with
Ca-alginate may be due to heat inactivation and
gradual loss of activity due to enzyme leakage into
the surrounding medium (Buga et al., 2010).

In general, from the above results, 1t might be
concluded that the maximum  values of
saccharification process were 86.78, 88.10 and
82.84%, respectively for immobilized pectinase on
activated chitin,  chicken bone (Biobonce) and
stlanized sand.

Such result might be attributed to selected the
carrier material and nature of the attachment for
using enzyme immobilization. The decrement in the
saccharification process for sand and chitin may be
due to a desorption of the enzyme from the support
as they eftect on such linkages. Changes 1n
experimental conditions such as pH, ionic strength,
temperature and type of solvent can cause desorption
(Vaillant ez al., 2000, Lei and Bi, 2007a, b).

Such values of saccharification processes of
extracted citrus pectin by using free and immobilized
pectinase (pectinex ultra SP-L) on different above

supports are partially different from those to obtained
by Demirel ef al. (2004) and Li et al. (2008).
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