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Abstract

The cultural condition of Pscudomonas mendocina for polysaccharide production was examin-
ed. The optimal medium contains following composition per liter of distilled water: Sucrose
23.75g, (NH),50, 1.57g, Yeast extract 0.5g, KH,PO, 2.0g, MgSO,-7H,0 1.0g, CaCO, 2.5g. The
optimum temperature and pH were 30°C and 6.5. At the condition, Ps mendocina produced 5.98
g/l of polysaccharide. The culture viscosity after 3 days was 191 mPa.s at 70 sec™. The product
vield (Y, and specific productivity (Q,) were 25.18% and 32.83 mg/g-cell/h.
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Introduction

Polysaccharides are now extensively used in
food and other industries'”. Even though their
production has been originated mainly from plants
and animals®, microorganisms are drawn atten-
tion as another sources of great potentiality®?
When selecting a microorganism for polysac-
charide production, the properties of the culture
broth or the polysaccharides are normally examin-
ed from the standpoint of gelling, viscosifying,
emulsifying ete. depending upon their end use®?,

In a series of screening program searching a
novel polysaccharide, a baterium was found to
have the property rendering the culture broth
highly viscous™. The bacterium was identified as
Pseudomonas mendocina 5704 and the rheological
properties was also reported previously®. This
paper reports the cultural condition of the bacte-
rium for polysaccharide production.

Materials and Methods

Microorganism and Cultivation

Pseudomans mendocina 5704 isolated from soil
was used in this study. The bacterium was grown

Corresponding author: Jin Young Yoo, Microbiology
Laboratory, Korea Food Research Institute, Banweol,
Hwaseonggun, Kyonggido, 445-820

619

in YM broth(Difco) and used as starter culture.
The inoculum was 5%. The fermentation medium
contains glucose (25 g/l), peptone(2.0 g/l), MgSO,-
TH1g/), KH,PO1 g/D), Yeast extract (0.5 g/J),
CaC0, (2.5 g/)). Culture was performed in 250 m/
erlenmeyer flask (working volume: 50 m/) on ro-
tary shaker (120 rpm) or Bioflo C-32 fermentor
(NBS, U.S.A. Working volume: 1,200 ml, agita-
tion: 400 rpm, aeration: 1 vvm).

Analysis

Analytical method was as previously descri-
bed® 19 Viscosity of culture broth was determin-
ed by Brabender viscotron (Model 80241, System
E-17, West Germany)

Results and Discusstion

Cultivation temperature

Table 1 shows the effect of temperature on the
polysaccharide production by Ps. mendocina 5704
in flask culture. The cell growth at 40°C was
negligible. The optimum temperature for the cell
growth and polysaccharide production was 30 °C.
At the temperature, 18.16% of glucose added was
converted to polysaccharide. This is similar to the
temperature reported for dextran production?.
Yamaguchi and saito"? also reported that the
temperature for Alcaligenes faecalis was 30°C.
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Table 1. Effect of temperature on the polysaccharide
production by Ps. mendocina 5704 after 72 hours of
incubation
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Table 3. Effect of sugar sources on the polysaccharide
production by Ps. mendocing 5704 at 30°C after 72
hours of incubation

Temperature DCW P Yield Qp 7 opp H
[°Cj {g/t] [g/L) [%) [mg/g/h) [mPa.s]

DCW P Yild  Q Topo 1y

Sugar source
lg/L] [g/tl [%] [mg/g/h) [mPa.s}

25 1.30 4.00 16.00 42.74 78 4.2
30 1.65 4.54 18.16 3822 313 56
35 1.35 3.70 14.80 38.07 234 7.0
40 S — — - -

Viscosity was measured at 70 sec™!. Medium : Glucose 25 g/L.,
Peptone 2.06 g/L KH,PO, 1 g/L, MgSO,-7H,0 1 g/L, Yeast
extract 0.5 g/L, CaCO3 2.5 g/L

Initial pH 6.5, DCW : dry cell weight, Qg : specific productivity.
Tapp: culture viscosity, P: crude polysaccharide

The specific productivity (Q,) was not affected by
varying the cultivation temperature. The culture
broth grown at lower temperature was thinner
than those at higher temperature. The apparent
viscosities of culture broths at 30 and 35 °C were
313 and 234 mPa.s. at 70 sec.”'. The changes in
pH of culture broth during fermentation at 25 °C
was recognized.

Effect of C/N ratio

Table 2 shows the effect of C/N ratio on the
polysaccharide production from glucose by Ps.
mendocina 5704 in flask culture. The optimum
C/N ratio for the polysaccharide production was
30. The polysaccharide production did not in-
crease by using the C/N ratio higher than 30,
below which drastic decrease was observed. The
polysaccharide production at the optimum C/N
ratio was 4.43 g/l. Williams and Wimpenny'!¥
reported that reduction of nitrogen level favored
the polysaccharide production. Corpe™ recom-
mended C/N ratio of 10 for Chromobacterium viola-

Table 2. Effect of C/N ratio on the polysaccharide pro-
duction by Ps. mendocing 5704 at 30°C after 72 hours of
incubation

C/N ratio 10 30 50 100 200
Plg/L) 1.42 4.43 3.15 3.44 3.71
Yield{%] 5.68 17.72 12.60 13.76 14.84
pH 53 5.4 6.0 5.6 5.8

Glucose 1.65 4.54 18.16 38.22 273 6.0
Lactose 0.54 — — — 28 8.1
Maltose 2.51 516 21.73 28.55 145 59
Sucrose 2.21 550 23.16 33.07 313 538
Fructose 2.47 196 7.84 11.02 45 6.9
Xylose 2.74 546 21.84 2768 250 5.9

Sugar source : Glucose, Fructose, Xylose 25 g/L, Sucrose, Lac-
tose, Maltose 23.75 g/L.

ceum.

Effect of carbon source

Table 3 shows the effect of carbon sources on
the polysaccharide production by Ps. mendocina
5704 in flask culture. Ps. mendocina 5704 could
utilize all the carbon sources used except lactose.
The dry cell weights (DCW) of culture broths
when using maltose, sucrose, fructose and xylose
were 2.51, 2.31, 2.47 and 2.74 g/L. Copious
amount of polysaccharide was formed from all the
sugars except lactose and fructose. Optimum car-
bon source for polysaccharide production was su-
crose. At the condition, 5.50 g/L of polysac-
charide was produced. The product yield (Y
and Q, were 23.16% and 33.07 mg/g/h. Ueda ¢!
al'™ found that sucrose was good for Acromonas
hvdrophtla.

It was also notable that similar amount of poly-
saccharide was produced from xylose since xylose
was known to be easily available and cheap carbon
source’®1? The culture broths from glucose, mal-
tose, sucrose and xylose were very thick. The vis-
cosities of culture broths from the respective car-
bon source were 273, 145 and 313 and 250 at 70
sec™!. The pH of culture broth dropped slightly in
the medium containing glucose, maltose, sucrose
and xylose.

Eftect of sucrose concentration
Table 4 shows the effect of sucrose concentra-
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Table 4. Effect of sucrose concentration on the polysac-
charide production by Ps. mendocina 5704 after 72 hours
of incubation at 30°C
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Table 6. Effect of KH,PO, concentration on the polysac-
charide production by Ps. mendocina 5704 at 30°C aofter
72 hours of incubation

Concentration DCW P Yield Q,
{9/ lo/h [g/0  [%]

7 app
[mg/g/h] [mPa.s}

Concentration  DCW P Yield Qp 7 app
{g/L] fo/t] {g/l] (%) [mg/g/h) [mPo.s)
10 1.59 1.48 14.80 12.97 56
15 237 3.14 2093 18.42 66
20 3.14 474 2370 20.95 14
23.75 3.36 544 2291 22.47 227
30 3.02 550 1833 25.29 20
40 2.87 3.18 7.95 15.39 45

Nitrogen source: (NH,);50,, C/N ratio: 30.

[ ]
tion on the polysaccharide production in flask

culture. The DCW increased with the increase
of the initial sucrose concentration to the level
of 23.75 g/L. The increased polysaccharide pro-
duction could be achieved until the concentration
increased to the level of 23.75-30 g/L. How-
ever, the maximum Y, was achieved at 30 g/L of
sucrose concentration. The Q,, also increased as
the concentration increased to the level of 30 g/L.
The culture broth was viscous when grown in the
medium containing 20-23.75 g/L of sucrose. Ben-
der et al"® reported that product concentration
could be enhanced by increasing the level of sub-
strate but the efficiency was deteriorated for Pul-
luraria pullulans.

Effect of nitrogen source

Table 5 shows the polysaccharide production
from sucrose by Ps. mendocina 5704 when grown
in the medium containing different nitrogen sour-

Table 5. Effect of nitrogen source on the polysaccharide
production by Ps. mendocina 5704 at 30°C ofter 72
hours of incubation

Nitrogen P Yield 7 app

source [g/1] [%]} [mPa.s}

NH,Cl 2.64 1.1 128 5.7
Urea 3.27 13.77 7 6.3
(NH),80, 57 24.06 112 6.2
(NH),HPO, 2.38 10.02 134 6.3
NH/MNO43 2.59 10.91 106 59
Peptone 3.7 15.63 162 6.6

3.09 559 2354 2513 227

1
2 2,53 598 2518 32.83 191
3 154 3.06 12.88 27.60 15
4 0.84 165 695 27.17 16
5 T — - 3

ces in flask culture. The optimum nitrogen source
for polysaccharide production was ammonium sul-
fate. The amount of polysaccharide formed and
Y, were 5.71 g/land 24.06%. The other nitrogen
sources were found not to be proper. Bacillus poly-
myxa'™ produced polysaccharide only when
organic nitrogen such as peptone was used. How-
ever, Yamaguchi and Saito"® recommended
NaNOQ, for Alcaligenes faecalis. The culture broths
were also very viscous except that containing urea
as nitrogen source. Significant change in pH of
culture broth was not recognized.

Effect of inorganic salt

Inorganic salts such as KH,PO, and MgSO,
are known to affect the polysaccharide produc-
tion'202D,

Table 6 shows the effect of KH,PO, concentra-
tion on the polysaccharide production from su-
crose in flask culture. The DCW decreased with
increase of KH,PO, concentration. The decrease
in polysaccharide production and viscosity of cul-
ture broth was noticeable when more than 2 g/L.
of KH,PO, was used. The optimum concentration
was 2 g/L. At the condition, 5.98 g/L of polysac-
charide was produced. The Y, and Q, at the con-
centration were 25.18% and 32.83 mg/g/h.

Table 7 shows the effect of MgSO, concentra-
tion on the polysaccharide production from sucro-
se flask culture. Cell growth was promoted by in-
creasing the MgSO, concentration, whereas the
polysaccharide production was reduced. The
DCW and polysaccharide production were 4.59
and 3.33 g/L when 5 g/L of MgSO, was added.
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Table 7. Effect of MgSO, concentration on the polysa-
charide production by Ps. mendocina 5704 at 30°C ofter
72 hours of incubation

Concentration DCW P Yield Qp
lo/1] lg/N g/ [%]

7 app

pH
[mg/g/h] [mPa.s]

1 3.32 5.0t 21.10 20.96 198 59
2 3.97 3.59 1512 12.56 191 59
3 4.12 3.48 1465 11.73 147 55
4 4.29 3.11 13.10 10.06 138 5.4
5 4.59 3.33 14.02 10.07 126 53

Table 8. Time course of polysaccharide production by
Pseudomonas mendocina 5704 at 30°C in jar fermentor

Elapsed fermentation Polymer Glucose 7
time [hrs] [g/ [g/1] [mPa.s]
16 3.5 17.9 143 0.68
22 3.6 14.4 448  0.58
40 4.4 9.6 922 0.53
72 4.4 3.7 1023 0.54
86 4.4 2.5 824 0.58

Agitation : 400 rpm, Aeration: 1 vwm, Working volume: 1.2/,
Medium : see Table 1, K: consistency coefficient, n : flow beha-
viour index, pH.

The Y, and Q, at the concentration were 14.02%
and 10.07 mg/g-cell/h, respectively. The ap-
parent viscosity of culture broth was reduced as
the MgSO, concentration in culture medum in-
creased, showing 126 mPa.s. at 70 sec™! when us-
ing 5 g/L of MgS0,. It was, therefore, not neces-
sary to add more than 1 g/L of MgSO, for polysac-
charide production.

Fermentation profile of polysaccharide

Table 8 shows the fermentation pattern of Ps.
mendocina 5704 polysaccharide production in jar
fermentor. Most of glucose was utilized after 72
hours of fermentation. Polysaccharide synthesis
ceased at 40 hours of elapsed fermentation time
~ and maintained 4.4 g/L level. Higher consistency
index was observed between 40-72 hours and then
decreased. The culture broth behaved like pseu-
doplastic fluid after 16 hours of fermentation.
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