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a  b  s  t  r  a  c  t

Dextran  is  a  long  chain  polymer  of  d-glucose  produced  by different  bacterial  strains  including  Leuconostoc,
Streptococcus  and  Acetobacter.  The  bacterial  cells  from  Leuconostoc  mesenteroides  KIBGE  HA1  were  immo-
bilized on  calcium  alginate  for dextran  production.  It was  observed  that dextran  production  increases  as
the  temperature  increases  and  after  reaching  maxima  (30 ◦C)  production  started  to  decline.  It was  also
observed  that  at  50 ◦C free  cells  stopped  producing  dextran,  while  immobilized  cells  continued  to  pro-
vailable online 19 November 2011

eywords:
mmobilization
alcium alginate
extran
euconostoc mesenteroides

duce  dextran  even  after  60 ◦C  and  still  not  exhausted.  It was  found  that  when  10  g%  substrate  (sucrose)
was  used,  maximum  dextran  production  was  observed.  Immobilized  cells  produced  dextran  upto  12  days
while  free  cells  stopped  producing  dextran  only  after  03 days.  Molecular  mass  distribution  of dextran
produced  by  immobilized  cells  is  low  as  compared  to free  cells.

© 2011 Elsevier Ltd. All rights reserved.
. Introduction

Dextran is a long chain polymer of d-glucose mainly linked
ith �-(1 → 6) linkage and side chains having �-(1 → 2), �-(1 → 3),
-(1 → 4) linkages depending upon the producing strain (Jeanes,
966; Martinez-Espindola & Lopez-Munguia, 1985; Sidebotham,
974). Dextran plays a key role in different industries such as
etroleum, mining, food and also in gel permeation chromatog-
aphy (Girard & Legoy, 1999). It has several clinical applications
uch as blood volume expanders, heparin substitutes and also
or the treatment of anemia (Gomez de Segura, Alcade, Lopez-
ortes, Flou, & Ballesteros, 2004; Haldane & Logan, 1994; Itaya &
amatoto, 1975). Dextran also use as thickener for jam and ice
ream, improves moisture retention, crystallization of sugar and
aintaining the flavor of various food items (Naessens, Cerdobbel,

oetaert, & Vandamme, 2005; Purama & Goyal, 2005, 2008; Qader,
qbal, Aman, Shireen, & Azhar, 2005). The entrapment of cells to a
upport is an emerging technique for basic research and also for
ndustrial use. Leuconostoc mesenteroides NRRL B1299 and KIBGE
A1 produces two forms of dextransucrase, extracellular and intra-

ellular (Dols, Remaud-Simeon, & Monsan, 1997; Qader, Aman, &
zhar, 2011). Extracellular dextransucrase from L. mesenteroides
RRL B-512F, PCSIR-4 and Streptococcus mutans OMZ  176 were

� Gene Bank: Accession number FJ467346.
∗ Corresponding author. Tel.: +92 21 926118081x147; fax: +92 21 2229310.

E-mail address: ali kibge@yahoo.com (S.A.U. Qader).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.11.046
immobilized on different supports for direct uses (Alcalde et al.,
1999; Ebert & Schenk, 1968; Qader, Afsheen, Noman, Saeeda, &
Abid, 2007; Robyt & Corrigan, 1977; Robyt & Taniguchi, 1976), while
intracellular fraction of dextransucrase was used by immobilizing
the cells (Dols, Willemot, Monsan, & Remaud-Simeon, 2001; Qader
et al., 2011).

This study was designed to make significant use of cells of L.
mesenteroides KIBGE HA1 for the continuous production of dextran
using immobilized cell technology. During this study calcium algi-
nate was  used as a support for the commercial production of low
molecular weight dextran.

2. Materials and methods

2.1. Isolation and selection of strain

The strain of L. mesenteroides KIBGE HA1 was  isolated from
Brassica oleracea var Capitata L. (Cabbage). Samples were incubated
on MRS  medium for 24 h and then screened for dextran production
using sucrose medium plate. After 24 h incubation bacterial strain
showing highly viscous slimy colony was  selected and pure culture
study was performed (Kobayashi, Yokohama, & Matsuda, 1985).

Culture was identified by using Holt’s method (Holt, 1994) and con-
firmed by using 16S rDNA sequence analysis. After identification
culture was  maintained at 4 ◦C on tomato juice agar (Kobayashi &
Matsuda, 1975)

dx.doi.org/10.1016/j.carbpol.2011.11.046
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:ali_kibge@yahoo.com
dx.doi.org/10.1016/j.carbpol.2011.11.046
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bilized cells, but free cells stop producing dextran after 40 C while
immobilized cells continued to produce dextran upto 60 ◦C and still
not exhausted (Fig. 3). These results supported the phenomenon
that due to the immobilization stability of the cells increases at high
590 S.A.U. Qader, A. Aman / Carbohy

.2. Culture conditions and cells harvesting

For cells growth the organism was grown in a medium con-
aining (g l−1): sucrose, 20.0; bacto-peptone, 5.0; yeast extract, 5.0;
2HPO4, 15.0; MnSO4.H2O, 0.01; NaCl, 0.01; MgSO4·7H2O, 0.01;
aCl2·2H2O, 0.1. The pH of the medium was adjusted to 7.5 before
terilization at 121 ◦C for 15 min. The culture was  inoculated and
arvested as described by Qader, Iqbal, Rizvi, and Zuberi (2001) and
ader et al. (2011).

.3. Enzyme assay

Dextransucrase activity of extracellular enzyme produced dur-
ng cells growth was determined by measuring the reducing sugar
y Nelson Somogyi method as described earlier (Kobayashi &
atsuda, 1974).

.4. Cells immobilization

Cells were harvested by centrifugation from fermentation broth
nd mixed with 25.0 ml  citrate phosphate buffer (0.1 M,  pH 5.00).
qual volume of sodium alginate (4%) solution was mixed with cells
olution. The cells–alginate solution was allowed to fall in 500 ml
alcium chloride solution (0.2 M)  drop by drop for beads formation
t 4 ◦C and kept for 15 min  for permanent shape. After 15 min  beads
ere washed with phosphate buffer (pH 7.00).

.5. Effect of substrate concentration on dextran production

Immobilized cells were mixed with different concentration of
ubstrate ranging from 0.5 to 30.0 g% in 0.1 M citrate phosphate
uffer (pH 5.00) for 24 h at 30 ◦C. After 24 h the viscous solution was
eparated out and reactor was again refilled with fresh substrate.
fter each 24 h fresh substrate was added in the reactor.

.6. Effect of temperature on dextran production

Immobilized cells were mixed with substrate and kept at dif-
erent temperature ranging from 20 ◦C to 60 ◦C for 24 h for dextran
roduction.

.6.1. Precipitation, purification and molecular weight of dextran
Precipitation and purification of dextran was performed using

hilled ethanol as reported earlier (Qader et al., 2005). The average
olecular weight of dextran produced from free and immobi-

ization cells was determined by gel permeation chromatography
Qader et al., 2011).

. Results and discussions

.1. Effect of size of calcium alginate beads on immobilization

Sizes of the beads play a very important role in the production of
extran from immobilized cells. During whole cell immobilization

nternal diffusion may  become a limiting step, particularly when
ighly specific activities are involved or when producing oligosac-
haride have low diffusion limits to cross the matrix. During this
tudy various size of beads were prepared for maximum immobi-
ization of cells and it was found that when beads diameter was
ept 0.6 mm,  maximum immobilization was achieved. It was  also
oted that as the beads diameter increases, the percent immobi-
ization of cells decreases (Fig. 1). Quirasco et al. (1995) reported
hat the optimum particle size for maximum activity is 2.0 mm  and
elow this diameter, the reaction rate is not controlled by inter-
al diffusion. But in current study it was found that the maximum
Fig. 1. Effect of beads size on immobilization of cells of Leuconostoc mesenteroides
KIBGE HA1. Symbols (means ± S.E., n = 5) having similar letters are not significantly
different from each other (Bonferroni test, P < 0.05).

dextran production was achieved when cells of L. mesenteroides
KIBGE HA1 were immobilized at 0.6 mm bead size.

3.2. Effect of sucrose concentration on dextran production by
immobilized cells

The effects of different sucrose concentrations were studied
and it was found that the reaction remained under kinetic con-
trol only when sucrose concentration was kept higher than 10%.
Dextran production at different sucrose concentrations were com-
pared at 30 ◦C and it was found that as the sucrose concentration
increases the dextran production increases but after reaching max-
imum the percent conversion of sucrose to dextran decreases due
to the substrate inhibitory effect (Fig. 2) (Martinez-Espindola &
Lopez-Munguia, 1985; Zedan et al., 1983). It was also reported that
if the substrate concentration decreases upto 0.1% the effectiveness
factor is reduced upto 0.4 from 1.0 (Quirasco et al., 1995).

3.3. Effect of temperature on dextran production by immobilized
cells

Dextran production from immobilized cells was affected by
varying the temperature and it was found that maximum pro-
duction was  achieved at 30 ◦C. It was also observed that as the
temperature increases from 20 ◦C to 30 ◦C dextran production
increases and after 30 ◦C every increased of 5 ◦C, decreased the
production of dextran. Martin and Perlman reported that during
the conversion of l-sorbose to l-sorbosone by immobilized cells of
Gluconobacter melanogenus IFO 3293, maximum production was
achieved at 50 ◦C and as temperature increased upto 60 ◦C, the
production decreased (Martin & Perlman, 1976). It was  already
reported that maximum dextran production was  achieved at 25 ◦C
during normal fermentation process (Qader et al., 2005). At 30 ◦C
maximum dextran production was found both from free and immo-

◦

Fig. 2. Percent conversion of different sucrose concentration to dextran from immo-
bilized cells.
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Fig. 3. Effect of temperature on the production of dextran from immobilized and
free cells. Symbols (means ± S.E., n = 5).
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Table 1
Characterization of dextran from immobilized cells of L. mesenteroides HA1.

Characteristics of purified dextran L. mesenteroides HA1

Average molecular weight (Da) 50,000–70,000
Densitya (g/cm3) 1.013
Viscositya (cp) 0.40 × 103

Linkages � (1 → 6) only
Moisture content (%) 2.9
Ash content (%) 3.4
pHb 6.95
Total carbohydrate (%) 92.3
Reducing sugar (%) 0.60
Total protein (%) 0.85
ig. 4. Continuous production of dextran from free and immobilized cells of Leu-
onostoc mesenteroides KIBGE HA1 using 10% sucrose.

emperatures. Martin and Perlman also compared the product for-
ation from free and immobilized cells at various temperatures

nd no shift in the temperature for maximum product formation
as reported (Martin & Perlman, 1976).

.4. Operational stability of immobilized cells

Repeated use of Immobilized cells and free cells were com-
ared and it was found that at initial stage high production of
extran was achieved by free cells as compared to immobilized
ells (Fig. 4). After 3 days of continuous dextran production free
ells were exhausted and stopped producing dextran, while immo-
ilized cells were continuously producing dextran even after 12
ays (288 h) and still not exhausted (Fig. 4).

.5. Molecular mass distribution of dextran

The results obtained indicated that dextran produced by immo-
ilized cells is similar to clinical grade dextran average MW 50,000
Sigma, Cat # 00891). The molecular mass distribution also indi-
ated that free cells produce high molecular mass dextran as

ompared to immobilized cells (Fig. 5). It was already reported that
extran produced by free cells are of similar to the Blue dextran
aving molecular mass 2,000,000 (Sigma, Cat # 5751) (Qader et al.,
011).

ig. 5. Molecular mass distribution of dextran produced by free cells and immobi-
ized cells with reference to clinical grade dextran (Sigma).
a 5.0% dextran solution, at 25 ◦C.
b 1.0% dextran solution, at 25 ◦C.

3.6. Physico-chemical characteristics of dextran

The physico-chemical characteristics of low molecular weight
dextran produced from immobilized cells dextran L. mesenteroides
KIBGE HA1 is shown in Table 1. Dextran produced by immobilized
cells was colorless and soluble in water with homogenous mixture
of 5% solution.

4. Conclusion

The study suggested that calcium alginate can be use as a sup-
port for the immobilization of cells for the production of low
molecular weight dextran which can easily converted into clinical
grade dextran.
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