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Abstract

Inulinase was produced by Aspergillus niger van
Teighem UV1I in a 10 [ glass fermenter using readily-
available nitrogenous by-products, corn steep liquor
(CSL), defatted groundnut meal and defatted soya-
bean meal, in different concentrations with kuth
(Saussurea lappa) root powder as a source of inulin
(as inducer), under varying agitation conditions. With
the combination of kuth (1-0%), aeration (1-5 vwm)
and agitation (300 rpm), the maximum yield of insuli-
nase obtained was 290 Uml ~' after 72 h.

Key words: Aspergillus niger, fermenter, inulinase,
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; Gupta er al., 1988). Saussurea
lappa (kuth or costus — common name) belongs to
the Compositae family and contains inulin in the
roots. Kuth root as a rich source of inulin has been
utilized for high-fructose-syrup production by chem-
ical hydrolysis (Kulkarni ez al., 1969). Kuth root
powder as a source of inulin for inulinase fermenta-
tion has not been reported. In the present studies,
kuth root powder was used as the source of inulin
for inulinase production in a 10 | fermenter.

METHODS

Carbon and nitrogen analyses

Total carbon and nitrogen contents of the kuth root
powder [local market, Bombay, India and powdered
in a flour mill to a very fine powder (60 mesh)] and
corn steep liquor (CSL; Anil Starch Ltd, Ahmeda-
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bad) were determined by Total Carbon Analyzer
(Beckmann, USA) and Kjeldhal methods respec-
tively.

Inulin content

Inulin content of kuth root powder was determined
using Streptakov phosphomolybdic-permanganate
(Winton & Winton, 1960).

Preparation of inoculum

Aspergillus niger van Teighem UV11, the UV mutant
of a soil isolate (Poorna & Kulkarni, 1994), was
subcultured on the synthetic medium agar of Allais
et al. (1987) and incubated at 304 2°C for 72 h. The
spores were then harvested and suspended in 0-85%
saline containing 0-01% Tween 80 to obtain 2-5 x 10°
spores per ml (by haemocytometer count). A 5%
(v/v) inoculum of this suspension was used.

Medium

The medium (B) used for fermentation had the fol-
lowing composition (per litre): kuth root powder, 10
g; CSL, 10 g; KH,PO,, 5 g; trace elements solution,
1 ml; silicone oil, 0-001%; and pH 5-4. A total vol-
ume of 6 | was used for every batch of fermentation
studies. The medium was sterilized by autoclaving at
121-6°C for 15 min. Aeration was maintained at 1-5
vwm and agitation at 225 rpm unless otherwise
stated; 20 ml samples were withdrawn at specific
intervals to assay for inulinase activity.

The composition of the medium and volume of
inoculum used was the same for all parameters stud-
ied unless otherwise stated. Effect of different
process parameters was studied as follows. Fermen-
tations were carried out in duplicate and average
results are given.

Time course analysis of inulinase fermentation
About 20 ml samples were siphoned out of the 10 |
glass fermenter (Enmvee Co. Ltd, Pune) every 24 h
and assayed for inulinase activity, reducing sugar
content of the medium and pH.
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Effect of aeration

The medium in the fermenter was aerated at 1, 1-5,
2 and 3 vvm at the agitation rate of 225 rpm. Inuli-
nase activity was estimated at the end of 72 h.

Effect of agitation

At constant aeration of 1-5 vvm, agitation rates of
115, 225, 300 and 400 rpm were maintained. Inuli-
nase activity was estimated at the end of 72 h.

Effect of nitrogen sources

Different complex nitrogen sources, CSL, defatted
soya-bean flour and defatted groundnut flour (God-
rej Soaps Ltd, Bombay, India) were used at 1%
concentration separately in the medium (B) descri-
bed earlier. The aeration rate was maintained at 1-5
vvm and agitation at 300 rpm. Inulinase activity and
biomass were determined at the end of 72 h.

Determination of biomass

The mycelial mass of A. niger van Teighem UVl
was collected by centrifugation of the culture
medium at 10000 rpm for 25 min. The biomass was
determined after washing the mycelial mass with dis-
tilled water and drying in an oven at 80°C to
constant weight.

Inulinase assay

To 2 ml of 0-2% inulin (Sigma) and 2 ml of 0-01 M
acetate buffer (pH 4-6) was added 0-5 ml of appro-

Table 1. Analysis of kuth root powder and CSL

Analysis (%) Kuth root CSL
Inulin 30:0+1-0 —
Total nitrogen 0-34+0:05 4-32+1
Total carbon 4506 +1-0 22:70+ 1
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priately 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 centrifuged reac-
tion mixture was assayed for reducing sugar, in
terms of fructose formed, 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 pumole of fructose under
the assay conditions as described above.

RESULTS AND DISCUSSION

Table 1 shows the total carbon and nitrogen content
of kuth root powder and CSL. In the kuth root
powder the inulin content was lower than that of
Jerusalem artichoke (58%) or Dhalia (44%) (Doby,
1965). 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. Man-
zoni and Cavazzoni (1992) reported that the
temperature and pressure involved during autoclav-
ing are needed to extract inulin from Jerusalem
artichoke root powders. Hence, in all the experi-
ments in the present studies, kuth root powder was
directly used without any prior extraction as a source
of inulin.

After the preliminary understanding of media and
process parameters affecting inulinase production in
shake flask cultures, fermentation was attempted in
a 10 1 glass fermenter. The time course analysis of
inulinase fermentation in the fermenter is shown in
Fig. 1. The reducing sugar content in the medium
increased with time reaching a maximum of 500
pgml " in 96 h. The highest inulinase activity of 280
Uml ' was obtained in 72 h at the aeration rate of
1-5 vwm and agitation at 225 rpm. The pH shifted
from the initial 5-4 to 6:0 at 120 h. One point five
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Fig. 1. Time course of inulinase production in a stirred fermenter. Six litres medium in a lab-stirred 10 | fermenter
mc_ubated at 30°C with aeration at 1-5 vvm, agitation 225 rpm and inoculum level at 5%, for 120 h. Y — Units of inulinase
activity (U/ml) and reducing sugar content (ug/ml) in the medium.
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Fig. 2. Effect of aeration on inulinase production. Six litres medium in a lab-stirred fermenter inoculated with 5%
inoculum and incubated at 30°C, agitation at 225 rpm and at varying aeration rates. Inulinase assay was carried out at the

end of 72 h.
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Fig. 3. Effect of agitation on inulinase production. Six litres medium in a lab-stirred fermenter inoculated with 5%
inoculum and incubated at 30°C with aeration at 1-5 vvm and at varying agitation rates. Inulinase assay was carried out

at the end of 72 h.

Table 2. Effect of varying nitrogen sources on inulinase
production in a fermenter’

Nitrogen Inulinase  pH Biomass
source activi dry wt
(1%) (pml™") (gper6l)
CSL 290 55 360
Defatted soya-bean meal 160 6-0 18-0
Defatted groundnut meal 135 60 13-0

“Six litre medium (B) with different nitrogen sources at
1% concentration was inoculated with 5% inoculum and
incubated at 30+2°C for 72 h with aeration at 1-5 vwm
and agitation at 300 rpm.

vvm aeration at an agitation of 225 rpm gave the
highest inulinase activity of 280 Umi~' (Fig. 2).
There was no effect on inulinase production of
increased aeration. However, increasing the agita-
tion rate to 300 rpm with 1-5 vwvm aeration gave an
increased inulinase yield of 290 Uml~' (Fig. 3).
Thus, with the aeration at 1-5 vwm and agitation at
300 rpm fermentation of kuth by A. niger van
Teighem UV11 for inulinase production was tested
with various readily available nitrogenous by-prod-
ucts at 1% concentration (Table 2). CSL gave the
highest yield.

Based on the results obtained in the fermenter,
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the composition of the medium and aeration-agita-
tion conditions for inulinase production can be
summarized as follows: kuth root powder, 1%; CSL,
1%; pH 5-4. Using this medium, with time of incuba-
tion 72 h, aeration 1-5 vvm and agitation 300 rpm,
the inulinase yield could be 290 Uml ~'. Fermenter-
based inulinase production using pure commercially
available inulin has been reported for K. fragilis (100
Uml~") (Grootwassink & Fleming, 1980) and K.
marxianus (212 Uml~') (Parekh & Margaritis,
1985). Unfortunately, there are no reports available
on production of inulinase in a fermenter with any
of the identified fungal inulinase producers. Also,
there are no reports on use of kuth root as a source
of inulin for inulinase production. Hence it is diffi-
cult to compare the present results with any of the
published data. The present work has, therefore,
identified for the first time the possibility of using A.
niger van Teighem and also kuth root for inulinase
production.
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