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Abstract

Kuth (Saussurea lappa) as a source of inulin for fer-
mentative production of inulinase has been tested for
the first time. Preliminary shake-flask experiments in
the fermentative production of inulinase using kuth as
the carbon source, in combination with different
organic and inorganic nitrogen sources, gave the
highest yield of inulinase activity (302 Uml™') with
corn steep liquor as the nitrogen source. The full
factorial design using 3°=27 experiments with varying
combinations of kuth and CSL concentrations and
agitation rates was tried. The results obtained were
analysed using SPSS/PC+ (Version 4-0). This is the
first use of a full factorial method for optimising fer-
mentative production of inulinase.

Key words: Aspergillus niger, full factorial design, inu-
linase, Saussurea lappa.

INTRODUCTION

Inulin is a polymer of plant origin that serves as a
reserve carbohydrate in Compositae and Graminae.
Jerusalem artichoke and chicory plant roots contain-
ing inulin have been used for fermentative
production of inulinase by microorganisms (Manzoni
& Cavazzoni, 1992; Ferreira et al., 1991; Gupta et
al., 1988; Byun & Nahm, 1978). Saussurea lappa
(kuth or costus — trade name) belongs to the Com-
positae family and contains inulin in the roots. Kuth
root as a rich source of inulin has been utilized for
high-fructose syrup production by chemical hydroly-
sis (Kulkarni et al, 1969). There is no report on
fermentative production of inulinase using kuth as
the sourfe of inulin. The present work was planned
to utilis¢ Saussurea lappa, a source of inulin, for
fermentative production of inulinase by Aspergillus
niger van Teighem UV11.

* Author to whom correspondence should be addressed.
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METHODS

Carbon and nitrogen analysis of kuth root powder
and corn steep liquor (CSL)

Total carbon and nitrogen contents of the kuth root
powder from the local market, Bombay (powdered
in a flour mill to 60 mesh size), and CSL (Anil
Starch Industries, Ahmedabad) were determined by
Total Carbon Analyzer (Beckmann, USA) and
Kjeldhal methods, respectively.

Determination of inulin content of kuth root powder
The inulin content of kuth root powder was deter-
mined using the Streptkov phosphomolybdic—
permanganate method (Winton & Winton, 1960).

Fermentation of kuth root powder in shake-flask
cultures for inulinase production

Preparation of inoculum

Aspergillus niger van Teighem UV11, a UV mutant
of a soil isolate (Poorna & Kulkarni, 1994), was
subcultured on synthetic-medium agar (Allais et al.,
1987) and incubated at 30+ 2°C for 72 h. The spores
were harvested and suspended in 0-85% saline con-
taining 0-01% Tween 80 to give approximately
25 x 10° spores per ml (by haemocytometer count).
A 5% inoculum of this suspension was used for all
the experiments.

Medium

The fermentation medium (B) in shake-flask cul-
tures consisted of the following composition (per
litre): kuth root powder, 10-0 g; KH,PO,, 50g;
CSL, 10-0 g; trace element solution (Allais et al,
1987), 1 ml; pH 5-4; sterilised by autoclaving at
121-6°C for 15 min.

Portions (50ml) of medium in 250 ml flasks were
inoculated with 5% inoculum prepared as described
above and incubated at 30 +2°C on a rotary shaker
(150 rpm). Samples were withdrawn at specific inter-
vals to determine inulinase activity. These conditions
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were kept constant for all parameters studied. All
parameters were studied in triplicate sets.

Time course analysis of inulinase production

At every 24 h samples were withdrawn and assayed
for inulinase activity, reducing sugar in the medium
and changes in pH of the medium.

Effect of varying nitrogen sources on inulinase
production

To the medium B, varying nitrogen sources were
added at 1% concentration individually in place of
CSL. Since kuth root powder contained 0-30% nitro-
gen, a set of three flasks without any nitrogen source
was also maintained.

Effect of varying corn steep liquor concentrations on
inulinase production

Since CSL gave the highest yield of inulinase, the
effect of CSL was studied at concentrations of 0-5
075, 10, 1-2 and 1-5%.

Inulinase assay

To 2 ml of 0-2% inulin and 2 ml of 0-01 m acetate
buffer (pH 4-6) was added 0-5 ml of appropriately
diluted enzyme preparation (culture filtrate) and
incubated at 50°C for 20 min. After incubation, the
tubes were kept in a boiling water bath for 10 min to
inactivate the enzyme. The supernatant was assayed
for reducing sugar as fructose by the DNSA method
(Miller, 1959) using fructose as standard. One unit
of inulinase (U) was defined as the amount of
enzyme which produced 1 umole of fructose under
the assay conditions as described above.

Determination of biomass

The mycelial mass of Aspergillus niger van Teighem
UV11 from ecach of the flasks was collected by
centrifugation of the culture medium at 10 000 rpm
for 25 min. The biomass was determined after wash-
ing the mycelial mass with distilled water and drying
in an oven at 80°C to constant weight.

Study of full factorial design to study important
process parameters

Preliminary shake-flask experiments, as described
above, showed that CSL was the best source of
nitrogen for inulinase production at 1% kuth under
agitation at 150 rpm on a rotary shaker in shake-
flask cultures. Generally, to account for interactions
of different important independent variables,
second-order polynomial models are preferred
(Morin et al, 1993). Therefore, it was thought of
interest to develop a second-order polynomial model
describing the effect of three selected independent
variables, namely, the concentration of kuth (carbon
source), the concentration of CSL (nitrogen source)
and agitation, on inulinase production by Aspergillus
niger van Teighem UVI11 in shake-flask cultures.
Since inulinase production by Aspergillus niger van

Teighem UV11 using kuth as the source of inulin
was being investigated for the first time, a prelimi-
nary procedure was required to find suitable starting
conditions where a second-order polynomial model
(Morin et al., 1993) could be most usefully used. The
levels of three selected independent variables con-
sidered for the experimental design were 0-5, 1-0 and
1-5% of kuth (K), 0-75, 1:0 and 1-25% of CSL (C)
and 100, 150 and 200 rpm for agitation rate (4),
respectively (Table 1). A full factorial design consist-
ing of 3°=27 experiments was used, where 27
experiments with all the possible combinations of
the selected independent variables were carried out,
allowing for estimation of all of the interactions
between the independent variables. In all experi-
ments, an inulinase assay was carried out after 72 h.

A second-order polynomial model was fitted to
the experimental data;

Y=bo+b:K+b,C+b3A+by K>+ b,,C*+b33A?
+b12KC +b13K4 +b23CA

where Y is the predicted value of the amount of
inulinase produced; K, C and A4 are the independent
variables corresponding to the concentration of
kuth, the concentration of CSL and the agitation
rate, respectively; and b;, b, and b; are the regres-
sion coefficients estimated by the least squares
method with a confidence level of 95%. A check of
assumptions underlying the analysis stating that the
experimental data were adequately described by the
model, and that the errors were normally and inde-
pendently distributed with mean 0 and constant
variance, showed that the homogenity of the vari-
ance was doubtful. The use of a variance-stabilising
transformation, log.Y, improved the error of vari-
ance. The modified, fitted, second-order polynomial
model was expressed as

logeY=b0 +b1K+ b2C +b3A +b11K2 +b22C2
+b33A%+b12KC +b13KA +by3CA

The results obtained were analysed using Statis-
tical Packaging for Social Sciences (SPSS)/PC+
(Version 4-0) software.

RESULTS AND DISCUSSION

Table 2 shows the total carbon and nitrogen content
of kuth root powder and CSL. The inulin content
was low compared to Jerusalem artichoke (58%)
and dahlia (44%). In the preparation of medium
containing inulin from plant materials, direct root
powders or extract of the roots have been used.
Extraction of inulin from the roots involves diffusion
with steam, which is repeated twice for complete
extraction. These steps require input of energy,
which makes fermentation more costly. Manzoni and
Cavazzoni (1992) reported that the temperature and
pressure involved during autoclaving were sufficient
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Table 1. Experimental data on inulinase production by 4. niger van Teighem UV11 grown on kuth root powder

Run no.” Kuth (XK) (%) CSL (C) (%) Agitation (4) (rpm) Y1 (U/ml) Y2 (U/ml)
1 15 1-25 200 300 284
2 1 1-25 200 264 242
3 0-5 1-25 200 98 76
4 1-5 1 200 310 298
5 1 1 200 252 248
6 0-5 1 200 75 70
7 15 075 200 231 205
8 1 0-75 200 192 180
9 05 0-75 200 71 66

10 1-5 1-25 150 296 275
11 1 125 150 250 245
12 0-5 1-25 150 95 90
13 1-5 1 150 246 238
14 1 1 150 302 291
15 05 1 150 98 92
16 1-5 0-75 150 300 295
17 1 075 150 256 247
18 05 0-75 150 63 70
19 1-5 125 100 216 208
20 1 1-25 100 245 231
21 0-5 125 100 79 83
22 15 1 100 300 289
23 1 1 100 198 182
24 05 1 100 64 69
25 1-5 075 100 179 186
26 1 0-75 100 151 147
27 05 0-75 100 72 61

“Performed in random order. Y1 and Y2: yields of inulinase (U/ml) estimated at the end of 72 h in a duplicate set of

experiments performed in random order.

to extract inulin from Jerusalem artichoke root pow-
ders. Hence, in all the experiments in the present
studies, kuth root powder was directly used, without
any prior extraction, as a source of inulin.

The time course analysis of inulinase production
in the fermentation medium in the preliminary

Table 2. Analysis of kuth root powder and CSL®

Analysis Kuth root CSL
Total nitrogen (%) 0-34 £ 005 4-32+1
Total carbon (%) 45-06+1-0 227041
Inulin (%) 300+£1-0 —

“Results of three individual determinations.

experiments in shake-flask cultures showed that the
sugar content of the medium increased continuously
upto 96 h when a maximum of 570 ugml~' of reduc-
ing sugar was obtained and then there was a
marginal drop to 520 ugml~' at the end of 120 h.
The highest inulinase activity of 302 Uml~' was
obtained at 72 h. Inulinase activity dropped sharply
at 96 h to 210 Uml~' when the reducing sugar con-
tent was the highest at 570 ygml~'. This suggested
that the reducing sugar could have repressed inuli-
nase production. The pH of the medium increased
from 5-4 to 6-0 at 96 h. The kuth root powder was
found to be completely digested in 72 h. The bio-
mass could not be estimated up to 72 h because of
interference by the undigested kuth root powder.

Table 3. Coefficients entered for the model fitted

Independent variable Coefficient Standard error t-value Significant level
Constant —1-012961 1:149506 —0-8812 0-3905
K 5-079634 0-583552 8-7050 0-0000°
C 3:342756 1-829222 1-8274 0-0852
A 0-019449 0-007397 2-6293 0-0176*
KC —0-243604 0-307371 —0-7925 0-4390
KA 0-001141 0-001537 0-7422 0-4681
CA 0-000157 0-003074 0-0511 0-9598
K? —1-902338 0-217344 —8-7527 0-0000°
C’ —1-347229 0-869376 —1-5497 0-1396
A? —0-000064 0-000022 —2-9647 0-0087¢

“Significant at P <0-0S. Ridj=0~9469. Standard error of estimation=0-133095. Durbin—Watson statistic=1-7882.
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Fig. 1. Line fit plot of inulinase yields.

Of the various organic and inorganic nitrogen
sources used, complex organic nitrogen sources were
found to stimulate inulinase production in shake
flasks. Among the inorganic nitrogen sources
ammonium sulfate gave the maximum yield of 120
Uml~', followed by (NH,),HPO, (105 Uml™'),
NH,H,PO, (95 Uml "), NaNO; (85 Uml ), KNO;
(75 Uml™") and NH,CI (70 Uml~"). CSL gave the
maximum yield of 302 Uml ™', followed by peptone
(265 Uml "), yeast and extract (200 Uml~"), defat-
ted soyabean meal (150 Uml~') and defatted
groundnut meal (125 Uml~') among the complex
nitrogen sources. The 0-3% indigenous nitrogen con-
tent of kuth root powder yielded only 30 Uml~! of
inulinase, suggesting that extraneous nitrogen supply
was required for better growth and inulinase produc-
tion. The effect of level of CSL was, therefore,
studied. It was observed that increasing CSL concen-
tration up to 1-0% increased biomass from 110 mg
50 ml~') at 0-5% CSL and 135 mg 50 ml~! at 0-75%
to 160 mg 50 ml™' of the medium. A further
increase in CSL concentration to 1-2% and 1-5% did
not show any increase in biomass. The pH of the
medium remained at 55, irrespective of the concen-
tration of CSL. There was an increase in inulinase
activity from 170 Umi~' at 0-5% CSL and 210
Uml~" at 0-75% CSL to 302 Uml~" at 1-0% CSL. A
further increase in CSL concentrations to 1-2 and
1:5% showed a marginal drop in inulinase activity to
290 Uml~'. Thus, CSL at a 1-0% concentration as
the nitrogen source in kuth-containing medium at

150 rpm gave the highest yield of inulinase (302

Uml™).
Based on the results of the preliminary experi-
ments, three selected independent variables:

concentration of kuth, concentration of CSL and
agitation, were selected for the full factorial design
consisting of 27 experiments. Table 1 shows the
experimental results of the full factorial design.
These results were subject to multiple regression
analysis using SPSS/PC+ (Version 4-0). Only the
concentration of kuth and agitation rate were found
to be significant (Table 3). Using these observations,
another polynomial model was developed, by omit-
ting all factors that were insignificant and including
only the concentration of kuth and the agitation
rate, as

log. Y=0:755339 4+ 5-007123K +0-20747A
—0-000064 4% —1-902338K*

R*adj was 0-922, indicating that the model could
explain up to 92-2% of the variations observed in
inulinase production. A line plot of predicted and
observed yields is shown in Fig. 1. Elimination of the
square values of K and A from the above equation
showed that the most significant factor contributing
to inulinase production was kuth and agitation was
insignificant (Table 4). R*adj was 0-739, indicating
that kuth concentration alone was responsible for
approximately 74% variation in the inulinase yield.

Table 4. Coefficients entered for the revised model fitted

Independent variable Coefficient Standard error t-value Significant level
Constant 3-683053 0-25675 14-3449 0-0000

K 1202446 0-138902 8-6568 0-0000”

A 0-001416 0-001389 1-0195 0-3181

“Significant at P <0-05. R%adj=0-7339. Standard error of estimation=0-294656. Durbin—Watson statistic=2-27455.



Production of inulinase 121

However, agitation was contributing to the tune of
approximately 18% in inulinase production, as seen
from the above model.

The development of the second-order polynomial
model for inulinase production by A. niger led to the
following conclusions: only the kuth concentration
(i.e. inulin content) was playing a significant role in
determining the yield of inulinase, while agitation
was needed to increase aeration for better growth of
the organism. There are no similar reports on inuli-
nase production for a comparison of results.
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