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ABSTRACT

Aspergillus niveus Blochwitz 4128 URM isolated from sunflower rhizosphere demonstrated a new source of
inulinase. The enzyme was produced in culture medium containing inulin as substrate in the concentrations: 10, 15
and 20g L-1. Maximum enzyme activity was obtained in medium containing 20g L-1 inulin. The enzyme was partially
purified using ammonium sulphate precipitation, followed by ion charge (DE-32) and molecular exclusion
(Sephadex) chromatography. The results showed the optimal pH and temperature of inulinase from crude extract
were 4.0 and 4.8 and 45ºC, respectively. The enzyme was purified 34.65 fold with yield of 53.63%. A. niveus
4128URM can be used in the inulinase production with use in the food industries.
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INTRODUCTION

Inulinase (2,1-b-D-fructanohydrolases EC 3.2.1.7)
hydrolyses inulin into practically pure fructose,
being an excellent alternative for the production of
fructose syrup (Vandamme and Derycke, 1983;
Bajpai and Margaritis, 1985; Fuchs et al., 1985).
Fructose formation from inulin offers advantage as
it involves only a single enzymatic step yielding
up to 95% fructose (Vandamme and Derycke,
1983; Pandey et al., 1999). Inulinases of many
microorganisms, especially of filamentous fungi,
are used to optimize process of hydrolysis of the
inulin related to food industries for the production
of alcohol, acetone and butanol (Zittan, 1981;
Vandamme and Derycke, 1983; Pandey et al.,

1999); are also used in the medical area as a tool
for the diagnosis of renal problems (Kuehnle et al.,
1992). Inulinases can be found in higher plants
(Vandamme and Derycke, 1983; Claessens et al.,
1990; Kaur et al., 1992) and microorganisms as
filamentous fungi, yeasts and bacteria (Vandamme
and Derycke, 1983; Belamri et al., 1994; Wei et
al., 1998; Kochhar et al., 1998; Pessoa Júnior and
Vitolo, 1999; Kushi et al., 2000). Among the
filamentous fungi, species of Aspergill us described
in the literature are A. aureus, A. fischeri, A. flavus
and A. nidulans (Gupta et al., 1994a), A. awamori
(Zherebtsov et al., 1995), A. candidus (Kochhar et
al., 1999), A. niger (Derycke and Vandamme,
1984; Ongen-Baysal et al., 1994; Walli s et al.,
1997; Cruz et al., 1998; Nguyen et al., 1999),
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A. oryzae (Gupta et al., 1998) and A. versicolor
(Kochhar et al., 1997). Till now, however, there is
no report on inulinase production from A. niveus.
This work describes the partial characterization of
new inulinase from A. niveus 4128 URM.

MATERIALS AND METHODS

Microorganism
Aspergill us niveus 4128URM was isolated from
sunflower (Helianthus annus L.) rhizosphere
according to Warcup (1950). The rhizosphere
samples (25g) were suspended in 225 mL of
sterilized distill ed water (1:10 dilution) and
subsequently 10 mL of this suspension was added
into 990 mL of sterilized distilled water. Petri
dishes containing the Sabouraud Agar medium
(Lacaz et al., 2002) plus chloranphenicol (100 mg
L-1) and Bengal Rose (50 mg L-1) were inoculated
with 1 mL of the 1:1000 diluted soil suspension.
The plates were kept at room temperature (≅ 28ºC)
and the growth of the colonies was accompanied
up to 72 h. Fragments of the individual colonies
were transferred separately to the same medium
containing 50 mg L-1 of chloranphenicol and the
growth was accompanied for 72 h. The strain was
identified after growth on Czapek Agar (Raper and
Fennel, 1975) by observing its macroscopic
characteristics (colour, texture appearance and
diameter of the colonies) and microscopic
(microstructures), according to Raper and Fennell
(1975). Aspergillus niveus 4128URM is available
in the Collection of Culture Micoteca URM of the
Departamento de Micologia, Centro de Ciências
Biológicas, Universidade Federal de Pernambuco,
Recife, Pernambuco, Brazil .

Inoculum preparation
A. niveus 4128URM was subcultured on the PDA
(potato dextrose agar) and incubated at 30ºC for
72h. Spores from the slants were suspended in
sterile 0.85% saline containing 0.01% Tween 80 to
obtain 2.0x106 spore mL -1. For all the experiments,
0.5 mL of this suspension was used.

Biomass determination
The mycelial mass of A. niveus 4128URM was
collected by filtration (Whatman paper Nº 1) of the
culture medium. The biomass was determined
after washing the mycelial mass with distill ed

water and dried at 105ºC overnight until constant
weight.

Growth and production of extracellular
inulinase
A. niveus 4128URM was cultivated in culture
medium (50mL) containing NH4NO3 2.3 g,
(NH4)2HPO4 3.7 g, KH2PO4 1.0 g, MgSO4 0.5 g,
yeast extract 1.5 g, inulin (10 g, 15 g and 20 g),
1000 mL of distilled water, pH 5.5 (Ongen-Baysal
et al., 1994), contained in 250 mL Erlenmeyer
flasks at 28 ºC and 280 rpm for 96 h. After the
mycelial separation by filtration, the filtrate was
analysed for pH, remaining sugar, biomass, protein
and extracellular inulinase activity at each 24 h.
The remaining sugar was determined according to
Miller (1959), after total acid hydrolyze of the
samples using fructose as standard.

Inulinase assay
The enzymatic assays were accomplished
according to Kochhar et al.(1999). Aliquots of 40
µL of crude extract were added to 160 µL of the
inulin solution to a final concentration of 1% (w/v)
in 0.1 mol L-1 sodium acetate buffer (pH 4.8) and
incubated at 37 ºC for 5 min. After this period, the
reaction was stopped by adding 2 mL of 3.5
dinitrosalicylic-DNSA reagent (Mill er, 1959), and
reducing sugar formed in terms of fructose was
assayed using fructose as standard. One unit of
inulinase (U) was defined as the amount of
enzyme, which produced 1 µmol min−1 of fructose
under the assay conditions as described above. The
specific activity was defined as rate between total
enzyme activity and quantity of protein in
mill igram in one mil lil iter.

Effect of pH and temperature on inulinase
activity
The effect of pH on inulinase activity was
investigated incubating the crude extract with
inulin solutions (1% w/v) prepared in 0.1 mol L -1

sodium acetate buffer varying the pH from 3.6 to
5.6 at 37 ºC. The optimum temperature was
determined by measuring the enzymatic activity of
crude extract in inulin solutions (1% w/v)
+prepared in 0.1 mol L -1 sodium acetate buffer, pH
4.8 in the temperature range 30º to 60ºC.
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Protein determination
Total protein was determined according to
Bradford (1976), using bovine serum albumin as
protein standard.
All the assay were carried out in duplicate.

Pur ification of inulinase
The enzymatic extract was fractionated with
different concentrations of ammonium sulphate as
described by Green and Hughens (1955). The
precipitate was centrifuged for 30 min at 15,000 g.
The supernatant was dialysed against 0.1 mol L-1

sodium acetate buffer (pH 4.8) for 24 h. The
dialysate was chromatographed through DEAE-52
diethylaminoethyl (5.0x0.5cm) column
equilibrated with 0.01 mol L-1 sodium acetate
buffer  (pH 4.8)  under a flow rate of 1.5 mL.min-1.
Proteins were eluted with linear gradient of NaCl
(0 - 1 M). Fractions with inulinase activity were
pooled and subjected to gel filtration using a
Sephadex G-75 column (10x1.5cm)  equilibrated
with 0.01 mol L-1 sodium acetate buffer (pH 4.8).
Protein concentration of each fraction was estimed
by absorbance reading at 280 nm. Inulinase
activity of each fraction was determined as
described in the enzymatic assay.

RESULT S AND DISCUSSION

Growth and production of extracellular
inulinase
Fig. 1 shows growth curves of Aspergill us niveus
4128URM at different concentrations of inulin
(10, 15 and 20 g L-1). At 15 and 20 g L-1 inulin
concentrations, the biosynthesis of inulinase
occurred in log phase of the growth. Cruz et
al.(1998) observed a similar behavior for A. niger
245, which showed inulinase production in the log
phase between 24 h and 60 h. Poorna and Kulkarni
(1995) obtained, working with the same species,
maximum growth in 48 h and maximum inulinase
production in the log phase between 48 h and 60 h.
The inulinase production by A. niveus 4128URM
was shown to be dependent of the inulin
concentration and fermentation time. In the studied
range, the maximum inulinase activity was
significantly superior (P<0.05) at inulin
concentrations of 15 g L-1 (8.71 U mL -1) and 20 g
L-1 (11 U mL -1) at 72 h of incubation and
presented significant difference among the studied
periods (0-48 h and 48-72 h). However, at inulin

concentration of 10 g L-1, the maximum inulinase
activity was significantly lower (2.63 U mL -1) at
24 h, showing decrease after this period probably
due the diauxic phenomena presented in this
concentration. Therefore, best inulin concentration
for inulinase production by A. niveus 4128URM
was 20 g L-1 after 72 h of incubation. This inulin
concentration (20 g L-1) has been mentioned for
inulinase production by several authors, such as,
Gupta et al.(1994a) who working with A. aureus,
A. fischeri, A. flavus, A. nidulans and A. niger,
obtained total activity between 1.0-1.2 U mL-1

after nine days; Cruz et al.(1998) obtained 2.47 U
mL-1 of inulinase produced by A. niger 245 after
60 h; Gupta et al.(1998) obtained 1.2 U mL-1 of
inulinase produced by A. oryzae after nine days;
and Kochhar et al.(1999) who used for inulinase
production, four species of Aspergill us, obtaining
0.379 U mL-1 for A. oryzae NCIM 631 after six
days, 10.02 U mL-1 for A. candidus NCIM 88,
0.053 U mL-1 for A. chevalieri NCIM 940 after
nine days and 0.113 U mL -1 for A. terreus NCIM
653 after 15 days. Ongen-Baysal et al.(1994)
observed higher inulinase activity of A. niger A42
(54 U mL-1) in medium in which carbon source
was Jerusalem artichokes extract (10 g L-1), but
only after 192 h of incubation. All the authors used
similar methods for determination of enzyme
activity with inulin as substrate. Our results
showed that the values of the maximum inulinase
activity produced by A. niveus 4128URM were
higher than referred by most of the authors.
The average comparison by Tukey test (minimum
significant differences were 0.802, 7.75 mg mL-1,
6.45 % and 3.32 U mL-1, respectively for pH,
biomass, remaining sugar and total inulinase
activity), indicated that there was not a significant
difference (P<0.05) in the consumption of the
sugar for A. niveus 4128URM to the used
concentrations of inulin (10, 15 and 20 g L-1)
during the fermentation. The sugar was totally
consumed in 72 h at all tested concentrations.
Related to pH variation, there was a significant
difference in dependence of the sugar
concentration. Media containing 15 and 20 g
inulin L-1 showed higher velocity of acidification.
During fermentation the pH decreased from 5.0 to
approximately 2.5 after 96 h. Walli s et al.(1997)
reported that during the inulinase production by A.
niger N402, the pH values decreased from 5.5 to
2.5 due to formation of organic acids.
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Figure 1 - pH, curves, biomass, remaining sugar and total inulinase activity of Aspergillus niveus
4128URM in medium with several inulin concentrations (10, 15 and 20 g inulin L-1

respectively for A, B and C. (Mean of two repetitions). Minimum significant differences
for the Tukey test (P<0.05) were 0.802, 7.75 mg mL -1.

Effect of pH and temperature on enzymatic
activity
The effect of pH and temperature on the inulinase
activity of A. niveus 4128URM is shown in Fig. 2.
Best results were at pH 4.0 and 4.8 and the
optimum temperature was 45ºC.
The results are in accordance with Nakamura et
al.(1978), Zittan (1981) and Vandamme and
Derycke (1983) working with Aspergill us spp..
Best inulinase activity produced by fungi was
observed at pH range between 4.0 and 7.0 and
temperature around 45ºC and 50ºC.Derycke and
Vandamme (1984) obtained higher inulinase
activity at pH 4.4 and 4.6 at temperatures of 55 ºC
and 56 ºC. Ongen-Baysal et al.(1994) found best
results at pH between 5.0 and 6.0 at 50 ºC and
Cruz et al.(1998) at pH 4.0 to 4.5 at 60 ºC. Some
species of Aspergill us produce inulinases with
maximum activity at higher temperatures, such as
A. niger 245 at 60 ºC (Cruz et al., 1998). However,
temperatures above 55 ºC could inactivate some
inulinases produced by fungi (Vandamme and
Derycke, 1983), a fact that occurred with the
inulinase of A. niveus 4128URM, when incubated
at 60 ºC.

Par tial pur ification of inulinase
The purification steps for inulinase are given in
Table 1. The fraction 0-20% presented higher
inulinase activity, with recovery of the 73.8% and
purification of 2.63 fold.  This  fraction  was
chromatographed through ionic exchange DEAE-
52 obtaining 358.33 U mg-1 protein and a
purification of 32.78 fold (Table 1; Fig. 3).
The fractions with inulinase activity (5-11) were
pooled and subjected to gel filtration using a
Sephadex G-75 column and the specific activity of
inulinase was determined to be 378.75 U mg-1

protein and a purification of 34.65 fold was
achieved (Table 1; Fig. 4).
The purification reached around 32.78 fold after
ionic exchange (DEAE-52) column
chromatography. With Sephadex G-75
chromatography inulinase was purified 34.65 fold,
yielding 53.63% (Table 1; Fig. 3 and 4). Balayan
et al .(1996) reached yields of 16% and 10% of
inulinase produced by Penicilli um palitans T-1
and P. cyclopium T-18, respectively, using
ultrafil tration, ammonium sulphate precipitation
(0.8% of saturation), DE-32 Cellulose and
Sephadex G-150. Kochhar et al.(1997) using
precipitation with ammonium sulphate, DEAE
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Cellulose, CM Cellulose and Sephadex G 150
obtained a purification of 50 fold for inulinase of
Aspergill us versicolor. Values higher than our
results were mentioned by Kochhar et al.(1999)
for the purification of the extracellular inulinase of
Aspergill us candidus, using ammonium sulphate
precipitation and DEAE Cellulose and Sephadex
G-150, resulting a purification of 56 fold. Chen et
al.(1997) purified the inulinase of A. niger using
precipitation with ammonium sulphate, DEAE

Cellulose and Sephadex G-100 with 67 fold
purification, in this case, however, the yield was
lower (25.5%) than obtained in the present study
(53.63%). Derycke and Vandamme (1983), Cruz
et al.(1998) and Pandey et al.(1999) descried that
for industrial application, inulinase showed have
maximum activity at pH lower than 5.0 and at
higher temperatures, as produced by A. niveus
4128URM.

Figure 2 - Effect of pH and temperature on relative specific inulinase activity of Aspergillus niveus
4128URM. (Mean of two repetitions). Minimum significant differences for the Tukey test
(P<0.05).

Table 1 - Partial purification of extracellular inulinase of A. niveus 4128URM
Total Total Specific Pur ification Yield

protein activity activity (folds) (%)Steps
(mg ml -1) (U ml -1) (U mg-1)

Culture fil trate 0.517 5.65 10.93 1 100
Ammonium sulfate (0-20%) 0.145 4.17 28.76 2.63 73.80
DE-52 0.006 2.15 358.33 32.78 38.05
Sephadex G-75 0.008 3.03 378.75 34.65 53.63
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Figure 3 - Chromatography of inulinase preparation on DEAE-52 diethylaminoethyl (5.0x0.5cm)
column equilibrated with 0.01 mol L-1 sodium acetate buffer (pH 4.8) under a flow rate of 1.5
mL.min-1. Proteins were eluted with linear gradient of NaCl (0.1 mol L-1).
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Figure 4 - Chromatography of inulinase preparation on Sephadex G-75 column (10x1.5cm)
equili brated with 0.01 mol L-1 sodium acetate buffer (pH 4.8) under a flow rate of 1.5
mL.min-1.



Aspergillus niveus Blochwitz 4128URM: New Source for Inulinase Production

Brazilian Archives of Biology and Technology

349

Under these conditions bacterial contamination is
rare, solubil ization of inulin is favored and
fructose syrup coloring is not presented. A. niveus
4128URM showed to be a promising strain for
industrial production of fructose rich syrups.

RESUMO

Aspergill us niveus 4128URM isolado de rizosfera
de girassol demonstrou ser uma nova fonte de
inulinase. A enzima foi produzida em meio de
cultura contendo inulina como substrato nas
concentrações de 10, 15 e 20 g L-1. Atividade
máxima da enzima foi obtida em meio contendo
20 g L-1 de inulina. A enzima foi parcialmente
purificada utilizando precipitação com sulfato de
amônio, seguida por cromatografia de troca iônica
(DE-52) e exclusão molecular (Sephadex). Os
resultados mostraram o pH e temperatura ótima da
inulinase do extrato bruto foi 4,0 e 4,8 e 45ºC,
respectivamente. A enzima foi purificada 34,65
vezes com rendimento de 53,63%. A. niveus
4128URM pode ser utilizado na produção de
inulinase com perspectivas de uso na indústria de
alimentos.
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