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Abstract The effect of agitation rate and dis-
solved oxygen tension (DOT) on growth and
gellan production by Sphingomonas paucimobilis
was studied. Higher cell growth of 54 gl
was obtained at 700 rpm but maximum gellan
(15 g I'") was produced at 500 rpm. DOT levels
above 20% had no effect on cell growth but gellan
yield was increased to 23 g I”' with increase in
DOT level to 100%. Higher DOT levels
improved the viscosity and molecular weight of
the polymer with change in acetate and glycerate
content of the polymer.
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Introduction

Gellan is an exopolysaccharide (EPS) produced
by Sphingomonas paucimobilis. It has applica-
tions as a gelling, binding and thickening agent
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in food and pharmaceutical industries due to its
ability to form thermoreversible gels (Morris
1990). Gellan is composed of tetrasaccharide
repeating units of D-glucose, L-rhamnose and
D-glucuronic acid in the ratio of 2:1:1 with
O-acetyl and L-glyceryl groups on the Dp-gluco-
syl residue as the side chain (O’Neill et al.
1983). The viscous and non-toxic nature of
gellan places it as a vehicle for ophthalmic and
other sustained release dosage forms (Calfors
et al. 1998; Fattah et al. 1996). Gelrite, a
commercial form of gellan, is used as a
replacement for agar in solidifying microbial
media, especially those used for the isolation of
thermophiles (Lin and Casida 1984) and only
0.3-0.5% of gellan is needed to form gels.
Agitation and dissolved oxygen (DO) control
are important in aerobic fermentation processes
particularly in polysaccharide production, since
the broth becomes highly viscous and limits
mass and oxygen transfer which influence the
cellular activities and secondary metabolite
production. Studies related to the effect of
agitation and dissolved oxygen tension (DOT)
on the production and quality of gellan are
scare. The present study reports the effect of
varying agitation rate and DO levels on growth
of Sphingomonas paucimobilis, gellan produc-
tion and polymer quality to identify most suit-
able aerobic condition that favours gellan
fermentation.
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Materials and methods
Media and culture conditions

Sphingomonas paucimobilis ATCC-31461 was
grown in medium (g I™"): 40 sucrose, 1.25 mono-
sodium glutamate, 1 Casaminoacid, 3 KH,POy, 5
NazHPO4, 1 KzSO4, 0.35 CaC12 . 2H20, 0.45
MnSO,4, 7H,0, 1 NaCl. Inoculum was developed
in 50 ml of the medium in 250 ml Erlenmeyer
flasks and incubated in an orbital shaker at
30 = 1 °C and 200 rev/min for 24 h.

Production of gellan

Gellan production was carried out in a 51 fer-
mentor with 3 1 of production medium with 5%
(v/v) inoculum and at 30 = 1 °C, pH 6.5 and 4.5 1
air min~'. The fermentor was equipped with two
Rushton turbines (diameter 7 cm). To study the
effect of agitation speed, fermentations were car-
ried out at different agitator speeds and the DO
was maintained above 20% by adjusting air flow
rate. The effect of DOT was analysed by carrying
out experiments at different DOT levels. Dissolved
O, was measured as % pO, by a Ingold DO probe
(Ingold, Switzerland). Standard deviation of the
readings was lower than 5% in oxygen tension.

Determination of maximum specific growth
rate, Ky a and oxygen transfer rate

Maximum specific growth rate (um.x) was calcu-
lated from the slope of the plot of In (X/Xj)
versus time as per the equation:

In (X/XO) = Umax!

Determination of K;a was done by gassing out
method (Rainer 1990). The culture medium was
degassed by sparging nitrogen followed by aera-
tion and agitation as per given conditions. Oxygen
absorption was measured by using a DO probe by
recording the change in DO concentration with
time. Then Kya was calculated by taking the
inverse slope of the semi logarithmic plot of
(1 — pO,) versus time according to equation given
below.
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In(1-pO,)=Kraxt

where ¢ = time in hours and pO, = % DO con-
centration in broth. The oxygen transfer rate
(OTR) from gas phase into the broth was calcu-
lated by

OTR = K1 a(C* — C)

Analytical methods

To isolate the polymer, the fermented broth was
heated for 15 min, cooled and the pH was
adjusted to 10 and heated for 10 min in a con-
stant water bath, cooled and the pH was
brought down to 7. Then the broth was centri-
fuged at 10,000 x g for 45 min to separate the
cells. The cells were treated with dimethyl sul-
phoxide (2 x 10 ml) to remove any adhering
polymer and centrifuged (10,000 x g for 45 min)
and dried at 80°C to express biomass (cell dry
weight). The supernatant was added with thrice
the volume of 2-propanol to precipitate the
polymer and kept overnight at 4°C, centrifuged
at 10,000 x g for 45 min, dried at 80°C and
weighed. Viscosity of the polymer (0.1% in
water, 30°C) was measured by using Brookfield
viscometer (RVTDV) using spindle No. 51 at
10 s shear rate. Glucose content was estimated
by using GOD-PAP enzymatic kit (Human,
India) after hydrolyzing gellan with 2 M H,SO,
and the glucose formed was oxidized by glucose
oxidase to hydrogen peroxide which turns red-
violet with phenol and 4-aminophenazone. The
absorbanc was measured at 500 nm. The content
of rhamnose, glucuronic acid, glycerate and
acetate of the polymer was determined by
methods described by Dische and Shettles
(1948), Bitter and Muir (1962), Martins and
Serra-Correia  (1994), and McComb and
McReady (1957) respectively. Molecular weight
of the polymer was determined by applying
Mark-Houwink-Sakurada ~ (MHS)  relation
(Rudin 1982) and the constants for the MHS
relation were estimated by plotting intrinsic
viscosities and molecular weights available from
the literature.
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Results and discussion

Effect of agitation on growth and gellan
production

Growth of Sphingomonas paucimobilis increased
up to 5.4 g dry cells 1" with an agitation rate up of
700 rpm (Table 1). Specific growth rate (u,,) was
high at 700 rpm (0.38 h™') and was comparatively
low at 1000 rpm (0.29 h™"). This was in contrary
to the report given by Giavasis et al. (2006), in
which the authors reported higher cell growth at
1000 rpm. High agitation rate particularly with
high airflow rate used in this case could be toxic to
cells (Toma et al. 1991). Gellan production
increased up to 500 rpm (14 g1™') due to
increased mass and oxygen transfer and de-
creased at 700 rpm (13 g I'") because of stimula-
tion of cell growth than gellan production.
Sucrose and nitrogen were consumed at a faster
rate (data not shown) with increase in agitation
speed due to enhanced mass transfer.

Effect of DOT on growth and gellan
production

DOT levels above 10% showed no significant
effect on growth of Sphingomonas paucimobilis
(Table 2). At 10% DOT level, oxygen limita-
tion occurred as evidenced from low biomass
(32 gI'") obtained at this level. At optimum
agitation rate, DOT level act as a driving force to
increase oxygen uptake rate by the cells, which
resulted in higher gellan production. This was in
agreement with Dreventon et al. (1996) who
suggested that higher oxygen transfer conditions
favoured gellan production. Growth and gellan
production by Sphingomonas paucimobilis at
500 rpm agitation speed and 40% DOT level is

Table 1 Effect of different agitation rates on gellan
fermentation by Sphingomonas paucimobilis

Agitation Kja OTR lmax Biomass Gellan
rate pm) (h) (molT'h7) (b)) (gI)  (g1™)
200 247 2.7 021 28 7.5
300 442 5.6 024 3.6 10.4
500 81.6 10.3 032 42 14.2
700 117.4 11.6 038 5.4 13.2
1000 140.8 12.1 029 38 11.7

Table 2 Effect of different DOT levels on gellan
fermentation by Sphingomonas paucimobilis

DOT OTR Umax Biomass  Gellan
level (%) (molI'h™!) (b)) (g™ (g™
10 32 0.20 33 9.4
20 7.8 0.26 5.6 12.4
40 12.3 0.30 5.6 15.7
60 16.7 0.33 5.6 18.5
80 19.8 0.38 5.6 20.4
100 24.6 0.42 5.6 232

given in Fig. 1. Decrease in gellan productivity
occurred depending upon DOT levels at broth
gellan concentration above 8 g I”' (Fig. 2) due to
mass and oxygen transfer limitation. Analysis of
the gellan chemical composition produced by
fermentation with higher DOT levels suggested a
decrease in acetyl and increase in glycerate con-
tent of the polymer (Table 3) with no significant
variation in glucose, rhamnose, glucuronic acid
levels. Polymer with higher viscosity and molec-
ular weight was obtained from fermentation at
higher DOT levels since degree of acetylation and
glycerate level play a significant role in deter-
mining the viscosity of gellan (Jay et al. 1998).
Gellan fermentation using Sphingomonas is
known for its low yield (40-50% of sugar)
(Thorne et al. 2000, but, in this present study, by
maintaining highly aerated conditions, a higher
gellan yield (58% of sugar) was achieved. This is

20 q

Gellan (g 1!
Cell dry weight (g 1)

0 8 1'6 2'4 3'2 4'0 4'8
Time (h)
Fig. 1 Growth and gellan production by Sphingomonas

paucimobilis at 500 rpm agitation speed and 40% DOT
level. (A) Cell dry weight (g I™); (W) Gellan (g 1)
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Fig. 2 Variation of gellan production rate with broth
gellan concentration at different DOT levels. (x) 20%
DOT; (m) 40% DOT; (A) 60% DOT; (1) 80% DOT; (A)
100% DOT

Table 3 Analysis of gellan produced by S. paucimobilis at
different DOT levels

DOT Glycerate® Acetate® Viscosity Molecular
level (%) (cP) weight (Da)
10 0.55 0.58 191 285,000
20 0.63 0.52 280 330,000
40 0.70 0.44 352 382,000
60 0.81 0.32 382 446,000
80 0.88 0.25 462 522,000
100 0.96 0.16 546 607,000

“Molar ratio with respect to glucose

the first report about enhanced gellan production
and quality with higher DOT levels.
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