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Introduction

Polysaccharides are very important stuffs in
industry because of their valuable properties
that they thicken, suspend or stabilize aqueous
systems and sometimes produce gel or act as
emulsifiers, flocculants, binders, film formers,
lubricants and friction reducers*®. These poly-
saccharides, traditionally, have been produced
from algae and plants®, but recently, some
are derived from microbial sources®?, i.e., dex-
tran and xanthan, for example.

In searching new microbial polysaccharide
producers of potentiality, several bacteria were
screened as candidates. One of those strains

was found to produce viscous and somewhat
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sticky polysaccharides®. The strain was iden-
tified as Enferobacter agglomerans and the
polymer was f-glucan composed of glucose and
galactose. In this paper, we report on the cul-
tural condition of E. agglomerans for polysa-

ccharide production.

Materials and Methods

Microorganism wused in this study was E.
agglomerans U-1®. Culture condition and app-
aratus was as used in the previous paper?,
Polysaccharide recovery and analysis were as
reported by Yoo et al.®. Viscometry was con-
ducted by Brabender viscotron viscometer{Model
80241, System E-17, West Germany).

Results and Discussion

1. Cultivation temperature
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Flask cultures of the microorganism were
undertaken to find the optimum temperature for
polysaccharide production by E. agglomerans U-
1(Table 1), The growth at 40°C was negligible
and also polysaccharide could not be detected
by isopropanol precipitation. The polysaccharide
was synthesized more at the lower temperature.
This is similar to the case of Aerobacter aero-
genes™, However, Goto et al.'® reported that
Pseudomonas aeruginosa produced more slime
at high temperature. The polysaccharide pro-
duction at 25,30 and 35°C were 6.16, 6.56 and
5.09 g/L. The optimum temperature was con-
cluded as 30°C, at which 26.24%
was converted to polysaccharide.

of glucose

The cul-
ture broth was the most viscous at the optimum
cultivation temperature. The apparent viscosities
of culture broths grown at 25,30,35°C were
56,134 and 117 mPa.s. at 70sec™™.

Table 1. Effect of temperature on the polysac-
charide production by Ewnferobacter agglomer-
ans U-1 after 72 hours of incubation

Temperature Polymer Yield Dapp pH
(=]

C] [g/L]  [%] [mPa.s.]
25 6.16 24.64 56 3.4
30 6.56 26.24 134 6.6
35 5.09 20.36 117 7.5
40 — — — —

Viscosity was measured at 70sec™?.

Medium : Glucose 25g/L, peptone 2,06g/L, KH,PO,
1g/L, MgSO,-7H,0 1g/L, yeast extract 0,5g/L and
CaCO; 2.5g/L.

7app + Apparent viscosity.

~ : Means not detected or not tested.

2. Effect of carbon source

Sugar sources are known to affect the forma-
tion of polysaccharide for some microorganis-
ms?~1, Table 2 shows the effect of sugar
sources on the polysaccharide production by
Maltose and
sucrose were found to be proper carbon sources
for the polysaccharide synthesis. The polysacch-

aride productions were 8,51 and 8.49 g/L. Over

Enterobacter agglomerans U-1.

Table 2. Effect of sugar source on the polysa-
ccharide production by Enterobacter agglome-
rans U-1 at 30°C after 72 hours of incubation

Sugar Polymer  Yield 7., pH
source [e/L] [9%] [mPa.s.]
Glucose 6.56 26,24 100 6.5

Lactose 3.83
Maltose 8.51

16.13 45 6.9
35.83 268 6.5

Sucrose 8.49 35.75 240 7.0
Fructose 6.80 27.20 95 6.5
Xylose — — — —

Basal medium : Peptone 2, 06g/L, KH,PO, 1g/L,
MgSO,-7H,0 1g/L, yeast extract 0,5g/L and CaCQ,
2.5g/L.

Sugar source : Glucose, fructose, xylose ; 25g/L, Su-
crose, lactose, maltose ; 23, 75g/L.

35% of sugars added were converted to poly-
saccharide on the media. Glucose and fructose
were less satisfactory and lactose was worse
carbon source. The grosvth and polysaccharide
formation was not observed in xylose medium.
The culture broths were fairly viscous when
using glucose, maltose and sucrose as substrate.
The viscosities were 100,267 and 240 mPa.s.
at 70sec? on the respective medium. They
seemed to be somewhat related with the amount
of recovable polysaccharide in the culture broth.
Normally, sucrose’® and glucose!**® were rec-
ommended for polysaccharide production.

3. Effect of sucrose concentration

Concentration of carbon source is important
because the polysaccharide such as xanthan'®
and alginate?” are produced under carbon-limi-
ted culture whereas Pseudomonas sp. does not
produce® at the condition. Therefore, optimum
sucrose concentration for the polysaccharide
production by Enterobacter agglomerans U-1
was examined (Table 3). The higher initial
level of sucrose concentration at below 23.75 g/
L raised the polysaccharide production, However
the product yield was high when the initial
i.e. 69.80%
of Yy, at 10 g/L of concentration. The increa-
sing trend in viscosities of culture broths was

sucrose concentration was lower,
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Table 3. Effect of sucrose concentration on the
polysaccharide production by Enterobacter ag-
glomerans U-1 at 30°C after 72 hours of incu-
bation

Concentration  Polymer Yield Dapp
[g/L] [g/L] [{%] [mPa.s.]
10 6.98 69.8 73
15 7.51 50.1 78
20 7.54 37.7 100
23.75 8.31 35.0 95
30 7.58 25.3 112
40 5.78 14.5 28

Basal medium : KH,PO, 1g/L, MgSO,-7H,0O 1g/L,
yeast extract 0.5g/L and CaCO; 2,5g/L.
Nitrogen source : Peptone, C/N ratio 30.

observed with the increased sucrose concentration
up to 30 g/L above which the culture broth
became drastically thin. Therefore, it was con-
cluded that the optimum sucrose concentration
was 23.75 g/L.

4. Effect of nitrogen source

For the production of polysaccharide, organic
and inorganic nitrogen source can be used? %1%,
Table 4 shows the result in glucose media
when using different nitrogen sources. It was
surprising that Enterobacter agglomerans U-1
grew very well on the media containing various
nitrogen sources. Especially, the dry cell weight
of culture broth grown in ammonium sulfate
medium was tremendously high(4. 32g/L). Urea,

ammonium nitrate and peptone also promoted
the growth. The optimum nitrogen sources for
U-1 polysaccharide production were peptone
and ammonium chloride. The polysaccharide
productions at the respective nitrogen source
were 6.4 and 5.67g/L which were amount to
25.60 and 22.68% of product yield. The Q, at
the respective nitrogen source were 42.94 and
60.12 mg/g/h. The other nitrogen sources were
found to be less satisfactory. The viscosities of
the culture broths were dependent upon the ni-
trogen sources used and were 318,184 and 122
mPa.s. at 70sec™’, when using ammonium
chloride, ammonium phosphate dibasic and pep-

tone.
5. Effect of C/N ratio

Table 5 shows the effect of C/N ratio on the
polysaccharide production in glucose medium.
The optimum C/N ratio was found to be 30,
below and above which the polysaccharide pro-
duction decreased. The amount of polysaccha-
ride formed at the C/N ratio of 10, 30,50,100
and 200 were 2.86, 6.56, 5.81, 3.06 and 2.21
g/L.

6. Effect of KH,PO, concentration

Potassium and phosphorus are important mi-
nerals involving the cell structure’®?®, The
effect of KH,PO, concentration on the growth
and polysaccharide production in sucrose med-
ium was examined(Table 6). The dry cell we-

Table 4. Effect of nitrogen source on the polysaccharide production by Enterbacter agglomerans

U-1 at 30°C after 72 hours of incubation

Nitrogen DCW Polymer Yield Qp Davp
source [g/L] [g/1] [%] [mg/g/h] [mPa.s.]
NH,CI 1.31 5.67 22.68 60.12 318
Urea 1.83 2.57 10.28 19.51 25
(NH,),80, 4.32 4.50 18.00 14.47 95
(NH,),HPO, 1.95 1.18 4.72 8.40 184
NH,NO, 2.19 3.96 15.84 25.11 11
Peptone 2.07 6.40 25.60 42.94 122

Basal medium: Glucose 25g/L, yeast extract 0.5g/L, MgSO,-7H,0O 1g/L, KH,PO, 1g/L, CaCO; 2.5g/L and C/

N ratio 30.
DCW : Dry cell weight,
Q¢ * Specific productivity.
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Table 5. Effect of C/N ratio on the polysaccharide production by Enterobacter agglomerans U-1

at 30°C after 72 hours of incubation

30 50

C/N ratio 5 10 100 200 300

Polymer[g/L] 1.80 2.86 6.56 5.81 3.06 2.21 2.48
Yield[ %] 7.20 11.44 26.24 23.24 12.24 8.84 9.92
pH 6. 8 6. 6 6. 4 6. 4 6. 5 6. 5 6. 6

Basal medium : Glucose 25g/L, KH,PO, 1g/L, MgSO,-7TH,O 1g/L, yeast extract 0.5g/L and CaCO; 2.5g/L.

Nitrogen source : Peptone.

Table 6. Effect of KH,PO,
omerans U-1 at 30°C after 72hours of incubation

concentration on the polysaccharide production by Ewnterobacter aggl-

Concentration DCW Polymer Yield Qp Napp
[g/L] Le/L] [g/L] [%] [mg/g/h]  [mPa.s.]

1 0.83 8.49 35.67 142.07 136

2 0.94 8.81 35.75 130. 1 215

3 1.02 8.40 35.30 114.38 179

4 1.43 8.40 35.30 81.58 146

5 1.29 8.32 34.98 89.58 231

Basal medium : Sucrose 23, 75g/L, peptone 2, 06g/L, yeast extract 0, 5g/L, MgSO,-7H;O 1g/L and CaCO; 2,5g/L.

ight of culture broth rose up with the increase
in the KH,PO, concentration up to 4 g/L and
then slightly decreased at the higher concentra-
tion, whereas polysaccharide production was
not so much affected. The amount of polysac-
charide formed and yield were more than 8.4g/
L and 35% respectively. Therefore, the Qp was
higher when the KH,PO, concentration was low
since small amount of cell was produced. It

was not necessary to add more than 1 g/L of

KH,PO,. The viscosity of culture broth increa-
sed as the concentration became higher. The
Qp at 1 g/L KH,PO, concentration was 142,07
mg/g/h.

7. Fermentation profile

Table 7 shows the time course of U-1 poly-
saccharide production. The non-fibrous isopro-
panol precipitate of polysaccharide which might

be low in degree of polymerization emerged

Table 7. Time course of polysaccharide production by Ewnterobacter agglomerans U-1 at 30°C

Elapsed fermentation time Polymer Glucose K n
[hrs] (g/L] Lg/L] [mPa.s. ]
16 — 19.1 0.12 1.60
22 i — 17.9 1.15 1.35
26.5 — 10.8 32.02 0.85
40 7.17 3.7 108.00 0.69
48 6. 54 — 55.00 0.78
64 6.33 — 43.00 0.78
72 6.30 — : 36.00 0.81

Agitation : 400rpm, air : lvvmn and working volume : 1, 2L.
Medium : Glucose 25g/L, peptone 2,06g/L, yeast extract 0,5g/L, MgSO,-7H,0O 1g/L, K.PO, 1g/L, CaCO, 2, 5¢g/L.

n : Flow behaviour index.
K : Consistency coefficient.
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after 26.5hours of elapsed fermentation time.
However, copious amount of fibrous polysacch-
aride could be recovered after 40 hours. The
polysaccharide concentration in the culture broth
then slightly decreased by subjecting to the
prolonged fermentation time. The consistency
index (K-value) of fermentation broth showed
maximum at 40hours and then also decreased
drastically with the prolonged fermentation
time. The culture broth behaved like dilatant
system at the earlier stage of fermentation.
The flow behaviour index (n-value) decreased
slowly with the elapsed time and then again
increased after 40hours, losing pseudoplasticity.
‘This kind of change could be caused by expo-
sure to prolonged shear stress or by the possible
synthesis of degrading enzyme*»*. The maxi-
mum production was 7.17 g/L.

Abstract

The cultural condition of Enterobacter agg-
lomerans U-1, a polysaccharide producing soil
bacterium, was examined. The optimal medium
composition was that contains the following
components per liter of distilled water; sucrose
(23.75 g/L), peptone(2.06 g/L), yeast extract
(0.5 g/L),KH,P0O,(1.0 g/L) and MgSO,-7H,0(1.0
g/L). The optimum temperature for polysaccha-
ride production was 30°C, where 8.5 g/L of
polysaccharide was produced. The apparent
viscosity of fermentation broth after 3 days
was 240 mPa.s. at 70sec™. The product yield and
specific productivity were 36% and 142.07 mg/
g/h.
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