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Optimization of Inulinase, Invertase and β-fructofuranosidase 
Production from Aspergillus niger TISTR 3570 
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ABSTRACT

	 The medium conditions for inulinase, invertase and β-fructofuranosidase (bFFase) production 
from Aspergillus niger TISTR 3570 were optimized by the Taguchi method. Production of inulinase 
was most affected by inulin and the production of invertase and bFFase was most affected by pH. The 
maximum production of enzymes was achieved by employing a medium containing: inulin (50 g.L-1), 
yeast extract (12 g.L-1), MgSO4·7H2O (6 g.L-1) and an initial pH of 6. The inulinase was thermostable 
over a wide temperature range (25–80 ºC) and showed maximum activity at 70 ºC. In addition, activity 
was stable over the range pH 4–10 and the optimum for enzyme activity was pH 5. In contrast, invertase 
and bFFase were stable below 55 and 50 ºC, respectively, but showed highest activity at 65 and 60 ºC, 
respectively. Both enzymes were stable over the range pH 4–9 and had optimum activity at pH 4 for 
invertase and pH 5 for bFFase.
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INTRODUCTION

	 Inulin is present as a reserve carbohydrate 
in the roots and tubers of plant such as the 
Jerusalem artichoke, chicory and dahlia. It consists 
of linear chains of β-2,1-linked D‑fructofuranose 
molecules terminated by a glucose (through a 
sucrose-type) linkage at the reducing end (Chi 
et al., 2009). Inulin has attracted considerable 
research attention because it is an abundant 
substrate for the production of fructose-rich 
syrups, as well as a source for the production 
of fructo-oligosaccharides (FOS) and inulo-
oligosaccharides (IOS), which are low caloric 

saccharides, acting as a growth factor for beneficial 
microorganisms in the intestinal flora (Skowronek 
and Firedurek, 2004; Yuan et al., 2006). FOS can 
be produced from inulin by microbial enzymes 
having hydrolytic and transfructosylating activity. 
The two types of inulinase and invertase are 
hydrolytic enzymes. The exo-inulinase (β-D-
fructohydrolase, EC 3.2.1.80) catalyzes the 
removal of terminal fructose residues from the 
non-reducing end of the inulin molecule and 
endo-inulinase (2, 1-β-fructan fructanohydrolase, 
EC 3.2.1.7) hydrolyzes the internal linkages in 
inulin to yield inulo-oligosaccharides (Fernandez 
et al., 2004; Skowronek and Firedurek , 2004; Chi 
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et al., 2009), and invertase breaks down sucrose to 
fructose and glucose by catalyzing the hydrolysis of 
terminal non-reducing β-fructofuranoside residues 
in β-fructofuranosides. While β-fructofuranosidase 
(bFFase) is a transfructosylating enzyme, it 
can transfer the fructosyl residue to the sucrose 
molecule at a high concentration of sucrose, 
in which fructosyl residues are transferred to 
sucrose by β-2,1 glycosidic bonds (Rubio and 
Navarro, 2006; Kurakake et al., 2010). Most of 
these enzymes have been found in molds such as 
Aspergillus sp., Fusarium sp. and Aureobasidium 
sp.
	 Microbes are the best source for 
commercial production of enzymes because 
of their easy cultivation and high yield of the 
enzyme (Sirisansaneeyakul et al., 2007a; Chi 
et al., 2009; Songpim et al., 2011). Since many 
enzymes of industrial significance are regulated 
by the composition of the medium, the study of 
this regulation is important in the commercial 
production of such enzymes. Optimization of 
media compositions to have a balanced proportion 
is very important to obtain optimum microbial 
growth and enzyme yield. In conventional 
production optimization procedures, the impact 
of a particular parameter is determined by 
altering it by set amounts while keeping the other 
parameters constant. Although several processes 
have been optimized using this methodology, 
such optimization procedures are time consuming 
and cannot provide information on the mutual 
interactions of the parameters on the desired 
outcome. Statistical procedures have advantages 
over conventional methodologies in predicting 
accurate results basically due to the utilization 
of the fundamental principles of statistics, 
randomization, replication and duplication 
(Rao et al., 2004). One of the more interesting 
optimization procedures is the Taguchi method 
(Roy, 1990; Roy, 2001). 
	 The Taguchi method of orthogonal 
array (OA) experimental design (DOE) involves 

the study of any given system by a set of 
independent variables (factors) over a specific 
region of interest (levels) (Mitra, 1998; Roy, 
1990). Unlike traditional DOE, which focuses on 
the average process performance characteristics, 
it concentrates on the effect of variation on the 
process characteristics (Phadke, 1989; Ross, 1996) 
and makes the product or process performance 
insensitive to variation by the proper design of 
parameters. This approach also facilitates the 
identification of the influence of individual factors, 
establishing the relationship between variables and 
operational conditions, and finally establishing 
performance at the optimum levels obtained with 
a few well-defined experimental sets (Prasad and 
Mohan, 2005; Sirisansaneeyakul et al., 2007b). 
Therefore, the main objective of the present 
work was concerned with the improvement of 
the inulinase, invertase and β-fructofuranosidase 
producing ability of Aspergillus niger TISTR 3570 
by optimizing the medium compositions using a 
Taguchi methodology and partial characterization 
of the properties of these enzymes. 

MATERIALS AND METHODS

Microorganism and inoculum preparation
	 The Aspergillus niger TISTR 3570 used 

in this study was isolated from Jerusalem artichoke 

tubers (Sirisansaneeyakul et al., 2007a) and was 

identified by the Thailand Institute of Scientific and 
Technological Research. The spore suspensions 

used as an inoculum were obtained on  media agar 

slant containing inulin 10 g.L-1, yeast extract 12 

g.L-1, MgSO4·7H2O 2 g.L-1 and agar 15 g.L-1 in 0.1 

M McIlvain buffer pH 5 at room temperature for 1 

wk. The harvesting of spores from the slants was 

carried out using 5 mL of sterile distilled water. 

The liquid medium, as described previously (50 

mL) was inoculated with 5 mL of spore suspension 

(about 1 × 106 spores mL-1) and cultured at 30 ºC 

on a rotary shaker with agitation at 200 rpm for 

24 hr. 



Kasetsart J. (Nat. Sci.) 46(2)240

Optimization of medium composition by 
Taguchi methodology
	 The Taguchi methodology was used to 
investigate the relationship between variables 
of medium components and to optimize their 
concentrations for inulinases, invertase and 
β-fructofuranosidase production by A. niger TISTR 
3570. The three levels of variation of factors that 
were considered and the size of experimentation 
were represented by symbolic arrays (L9). Four 
variables with three concentration levels were used. 
The variables optimized were the concentrations 
of inulin, yeast extract and MgSO4·7H2O, and the 
pH level. The experimental set is shown in Table 
1. Submerged fermentation experiments were 
carried out in 250 mL Erlenmeyer flasks (10% v/v 
inoculum) containing 100 mL media as shown in 
Table 1 (inulin, 10, 30 and 50 g.L-1, yeast extract, 
12, 24 and 36 g.L-1, and MgSO4·7H2O, 2, 4 and 6 
g.L-1) in 0.1 M McIlvaine buffer (pH 4, 5 and 6) 
at 30 ºC on a rotary shaker with agitation at 200 
rpm. After 48 hr of incubation, each flask was 

assayed for enzyme activity and concentration 
of inulin based on the total carbohydrate by the 
phenol sulfuric method (Dobois et al., 1956).

Enzyme assay
	 A. niger TISTR 3570 (Sirisansaneeyakul 

et al., 2007a) was used to simultaneously produce 

inulinase, invertase and β-fructofuranosidase 

in a batch fermentation process. The activities 

of inulinase and invertase were measured as 

previously specified (Sirisansaneeyakul et al., 
2007a). One unit of inulinase activity was defined 

as the quantity of the enzyme that liberated 1 

µmol of fructose in 1 min in a 0.5% w/v solution 

of inulin in 0.5 M McIlvaine buffer at pH 5.0 and 

40 ºC. One unit of invertase activity was defined 

as the quantity of the enzyme that liberated 1 

µmol of fructose (or glucose) in 1 min in a 0.5% 

w/v (g/100 mL) solution of sucrose in 0.5 M 

McIlvaine buffer at pH 5.0 and 40 ºC. The activity 

of β-fructofuranosidase (bFFase) was measured 

as the reaction mixture (0.2 mL crude extract, 2.3 

Table 1	 Factors and their levels assigned to different columns and the orthogonal array of L9 (34) 
design for enzyme production from A. niger TISTR 3570 by the Taguchi method.

	 Levels	 A: Initial 	 B: Initial 	 C: Initial 	 D: Initial 
	 	 concentration 	 concentration of 	 concentration of 	 pH
	 	 of inulin (g.L-1)	 yeast extract (g.L-1)	 MgSO4·7H2O (g.L-1)	
	 1	 10	 12	 2	 4
	 2	 30	 24	 4	 5
	 3	 50	 36	 6	 6
Experiment no.	 L9 (34)
	 	 A	 B	 C	 D	 Inulin	 Yeast extract	 MgSO4·7H2O	 pH
 	  	  	  	  	 	 (g.L-1)	 (g.L-1)	 (g.L-1)	 
	 1	 1	 1	 1	 1	 10	 12	 2	 4
	 2	 1	 2	 2	 2	 10	 24	 4	 5
	 3	 1	 3	 3	 3	 10	 36	 6	 6
	 4	 2	 1	 2	 3	 30	 12	 4	 6
	 5	 2	 2	 3	 1	 30	 24	 6	 4
	 6	 2	 3	 1	 2	 30	 36	 2	 5
	 7	 3	 1	 3	 2	 50	 12	 6	 5
	 8	 3	 2	 1	 3	 50	 24	 2	 6
	 9	 3	 3	 2	 1	 50	 36	 4	 4
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mL 0.05 M McIlvaine buffer pH 5.0 and 7.5 mL 

60% w/v (g/100 mL) solution of sucrose in 0.5 

M McIlvaine buffer pH 5.0) was carried out at 55 

ºC. The reducing sugar was subsequently analyzed 

using 3, 5-dinitrosalicylic acid (Miller, 1959). 

One unit of β-fructofuranosidase was defined as 

1 µmol of glucose liberated in 1 min under assay 

conditions.

Statistical analysis
	 Qualitek 4 software (Nutek Inc., 
Bloomfield Hills, MI, USA) for the automatic 
design and analysis of Taguchi experiments 
was used to study the following objectives of 
the analysis. A level of P < 0.001 was chosen to 
determine significance.

Fermenter studies
	 After optimization studies in shake flasks, 
production was studied under controlled conditions 
in a 5 L fermenter with 3 L working volume as 
previously described (Sirisansaneeyakul et al., 
2007a).

pH optimum and stability of inulinase, invertase 
and β-fructofuranosidase
	 The pH profiles of the inulinase, invertase 
and β-fructofuranosidase (bFFase) were evaluated 
by incubating the crude enzyme at pH values from 
3 to 10 using the standard assay conditions in the 
appropriate buffer: pH 3.0–8.0 (0.5 M McIlvaine 
buffer) and pH 8.0–10.0 (0.5 M NH4Cl-NH4OH 
buffer). The pH stability was tested by pre-
incubating the crude enzyme for 60 min at 4 ºC in 
0.05 M of buffers with the same pH values from 3 
to 10; the activity of the remaining enzymes was 
measured immediately using the standard method 
as described above.

Temperature optimum and stability of the 
inulinase, invertase and β-fructofuranosidase
	 The optimum temperature for the 
inulinase, invertase and β-fructofuranosidase 
(bFFase) was determined using temperatures of 25, 

30, 35, 40, 45, 50, 55, 60, 65, 70, 75 and 80 ºC and 
the standard assay conditions as described above. 
The temperature stability of the crude enzyme was 
tested by pre-incubating it at a temperature from 
25–80 ºC for 60 min and the residual activity was 
measured immediately using the standard method 
as described above. 

RESULTS AND DISCUSSION

Optimization by Taguchi method
	 The experimental data (Table 2) was 
processed using the Qualitek-4 software with the 
larger-the-better attribute selected for establishing 
the optimum composition of the fermentation 
medium and identifying the individual factors 
that influenced enzyme production. Analysis of 
variance was used to analyze the results of the 
experiment and to determine how much variation 
was contributed by each factor. The percentage 
contributions of each factor to the production 
of inulinase, invertase and bFFase are shown in 
Tables 3–5, respectively. Statistical analysis of 
the inulinase production in the experimental data 
revealed that among all the selected factors, the 
initial concentration of inulin had the most impact 
on overall inulinase production; inulin was the 
most significant factor for inulinase production 
(Table 3). This indicated that inulin was essentially 
used as carbon source for inulinase production. 
It has been reported to be helpful for inulinase 
production by Aspergillus niger AUP19 at 50 g.L-1 
(Kumar et al., 2005). However, the concentration 
of inulin at 114.7 g.L-1 was optimal for inulinase 
production by A. ficuum JNSP5-06 (Chen et 
al., 2011). Also, this showed that inulinase was 
inducible by inulin.
	 The percentage contributions of the 
factors to the production of invertase are shown 
in Table 4. Table 5 shows that the initial pH was 
the most significant factor for invertase production, 
bFFase activity and bFFase productivity (Qp). This 
information was used to identify the optimum 
fermentation conditions provided by prediction 
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(Table 6). The relevant main effect plots are shown 
in Figure 1. A main effect plot reveals how the 
changes in a factor level affect the response of the 
fermentation process. For four factors (A–D), each at 
three levels (1–3), only one of the levels maximized 
the value of the main effects (Figure 1). Figure 1 
suggests that the conditions for attaining a high 
activity, yield and productivity of any of the three 
enzymes are different.
	 The equations given in Table 6 were 

used to estimate the expected activity (Yexpected) 
of the enzymes under various conditions. The 

highest predicted inulinase production (1756.1 

U.L-1, 67.3 U.g-1 inulin and 31.7 U.L-1.hr-1) was 

under conditions of 50 g.L-1 inulin, 12 g.L-1 yeast 

extract, 6 g.L-1 MgSO4⋅7H2O, pH 6 and 30 °C. 

Therefore, this set of conditions was selected 

and used in further experiments. In the case 

of invertase production, two different sets of 

conditions were revealed in relation to invertase. 

One set of conditions (30 g.L-1 inulin, 36 g.L-1 

yeast extract, 2 g.L-1 MgSO4⋅7H2O, pH 6 and 30 

°C) maximized both the predicted final activity 

and productivity of invertase. A different set of 

conditions (10 g.L-1 inulin, 36 g.L-1 yeast extract, 

6 g.L-1 MgSO4⋅7H2O, pH 6 and 30 °C) maximized 

the predicted invertase yield based on inulin. In 

addition, the bFFase production had two different 

sets of conditions. One set of conditions (10 g.L-1 

inulin, 36.g L-1 yeast extract, 2 g.L-1 MgSO4⋅7H2O, 

pH 6 and 30 °C), maximized both the predicted 

bFFase activity and productivity. A different set of 

conditions (10 g. L-1 inulin, 36 g.L-1 yeast extract, 6 

g.L-1 MgSO4⋅7H2O, pH 6 and 30 °C) maximized 

the predicted bFFase yield based on inulin and 

was similar to the conditions that maximized the 

invertase yield. 

	 Under the optimal conditions identified 

by the Taguchi method for maximizing the 

inulinase production in terms of activity, yield and 

productivity, the predicted value of the response 

parameter, (the inulinase activity), Yexpected  could 

be calculated using Equations 1 and 2:
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	 Y A B C D Texpected = + + + −3 1 3 3 3 	 (1)

where T  is calculated using Equation 2:

   
	

	
T Average of eriment inulinase= ( )∑ ( exp ) 

/ N = 884.2 / 9 = 2652.8	 (2)

Equation (1) and (2) produce Equation 3:
	 Yexpected = (1462.1 + 958.3 + 1004.1 + 
984.3) – 2652.8 = 1756.1	 (3)
Therefore, the inulinase activity, Yexpected is 1756.1 
U.L-1. The predicted and the expected values of 
Yexpected for the three enzymes are shown in Table 
6.

Confirmation under optimal conditions
	 Confirmation testing is a necessary 
requirement of the Taguchi method (Roy, 1990; 
Roy, 2001). A single confirmation test was 
conducted for enzyme production using the 
above identified optimum settings of the process 
parameters.
	 The confirmation test results for the set 
of optimization condition (Table 6) revealed a 
comparable predicted value with confirmation 
of the enzyme activity, yield and productivity for 
enzyme production. The confirmation data showed 
the highest inulinase activity (1438.9 U.L-1), yield 
based on inulin (86.7 U.g-1 inulin) and productivity 
(29.4 U.L-1.hr-1) within 48 hr. This set of inulinase 
conditions favored the preferential production of 
invertase and bFFase and therefore maximized the 
production of both invertase and bFFase (Figure 
2).
	 Under optimal conditions for inulinase 

production, the maximal production of the 

three enzymes occurred during growth within 

72 hr (Figure 2). Inulinase activity increased 

continuously with the approach of the stationary 

phase of growth at 1907.2 U.L-1 (Figure 2(a)). 

Similarly, under this condition, the activity levels of 

invertase (815.3 U.L-1) and bFFase (9200.0 U.L-1) 

were relative high at 72 hr (Figures 2(a) and 2(b)). 

The high level of inulinase attained within 72 hr 

under optimal conditions (Figure 2) compared well 

with the results for other producer microorganisms 

where the inulinase activity generally was reported 

to peak much earlier in the fermentation process. 

For example, for Aspergillus niger-245, Cruz et 
al. (1998) reported peak production (2,000 U.L-1) 

after 48–60 hr of fermentation. Similarly, using 

Aspergillus niger AUP 19, Kumar et al. (2005) 

observed the highest inulinase activity after 72 

hr of incubation and found that the maximum 

productivity of inulinase from A. niger AUP 19 

was achieved by employing a medium containing 

5% (w/v) inulin, an incubation temperature of 28 

ºC and pH 6.5, with the inoculum level at 10% 

(v/v). Under optimal conditions of inulinase 

production, bFFase produced by A. niger TISTR 

3579 gave better activity (9,200.0 U.L-1) and 

productivity (118.1 U.L−1.hr−1) compared to those 

obtained from A. niger NRRL 330. On the other 

hand, bFFase activity and productivity resulting 

from A. niger NRRL 330 were reported as 6,996.0 

U.L-1 and 58.3 U.L−1.hr−1, respectively, which were 

attained at 120 hr culture time (Balasubramaniem 
et al., 2001). Fernandez et al. (2004) reported 

1800.0 U.g-1 and  25.0 U.g−1.hr−1 at 72 hr culture 

time. This revealed that bFFase production from 

A. niger TISTR 3579 was the highest among those 

previously reported (Table 7).

	 After the enzyme production in the 
flask was optimized, the obtained conditions 
were applied for enzyme production in a 5 L 
fermenter. The batch was run with the same 
optimal conditions and an aeration rate of 1 vvm 
at an agitation rate of 600 rpm. Figure 3(a) shows 
the inulinase production in the fermenter under 
optimal conditions. It was possible to verify that 
the biosynthesis of the inulinase started after 
21 hr of incubation and that the largest enzyme 
liberation occurred after 36 hr of fermentation. 
Both invertase and bFFase production occurred 
simultaneously with the growth of fungi, starting 
after 3 hr of incubation and the highest amount of 
enzyme was produced at 39 hr (Figures 3(a) and 
3(b)).
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Effects of pH on enzyme activity and stability
	 The effects of pH on the activity and 
stability of enzyme activity were determined 
at various level of pH (3–10) under standard 
conditions. As shown in Table 7, inulinase and 
bFFase showed maximum activity at pH 5, but 

invertase exhibited the highest activity at pH 
4.0 (Figure 4), which was in agreement with the 
general range of many microbial sources reported, 
for example, by Chen et al. (2009) who found 
the pH optimum was pH 4–5 for Aspergillus 
ficuum JNSP5-06 and by Derycke and Vandamme 

Figure 2	 Yield from inulin, activity and productivity of inulinase, invertase and bFFase: (a) inulinase and 
invertase production; (b) bFFase production under optimal conditions (inulinase production) 
in 500 mL Erlenmeyer flask.
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(1984) who reported an optimum at pH 4.4 with 
Aspergillus niger.
	 Under standard temperature conditions 
for each enzyme (40 ºC for inulinase and invertase, 
and 55 ºC for bFFase), the enzymes were stable 
over a wide pH range (from 3 to 10) at 60 min, 

especially, bFFase. However, the inulinase activity 
decreased dramatically beyond that range, and was 
almost inactive below pH 4.0 (Figure 4(a)). As 
shown in Figure 4(c), invertase activity declined 
below pH 4 and above pH 9.

Figure 3	 Yield from inulin, activity and productivity of inulinase, invertase and bFFase: (a) inulinase and 
invertase production; (b) bFFase production under optimal conditions (inulinase production) 
in a 5 L fermenter.
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Figure 4	 Effect of pH and temperature on enzyme activity and stability: (a) pH optimum and stability 
of inulinase; (b) temperature optimum and stability of inulinase; (c) pH optimum and stability 
of invertase; (d) temperature optimum and stability of invertase; (e) pH optimum and stability 
of bFFase; (f) temperature optimum and stability of bFFase.
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Effect of temperature on enzyme activity and 
stability
	 To determine the optimum temperature 
for enzyme activity, enzyme reactions were 
performed at various temperatures (25–80 ºC) at 
pH 5.0 under standard conditions. As shown in 
Table 5, the optimum temperatures of inulinase, 
invertase and bFFase were obtained at 70, 65 and 
60 ºC, respectively. To determine the stability of 
each enzyme, an enzyme solution was incubated 
at various temperatures (25–80 ºC) at pH 5.0 for 
60 min. After the treatment, the residual activities 
were measured at standard temperatures (under 
standard conditions). Inulinase retained around 
80% relative activity after 60 min (Figure 4(b)) 
and invertase retained around 90% relative activity 
after 60 min but was almost inactive above 55 ºC 
(Figure 4(d)). As shown by Figure 4(f), bFFase 
was stable over a wide temperature range (from 
25 to 50 ºC) after 60 min. It was found that the 
stability of bFFase activity was lower above 50 
ºC. For inulin hydrolysis, thermal enzyme stability 
was used as a key factor for industrial application. 
For example, a reaction temperature of 60 ºC is 
usually used to increase productivity and to avoid 
possible contamination. A few different inulinases 
from different sources could comply with such 
goal (Panesar et al., 2010). Therefore, inulinase 
from A. niger TISTR 3570 would be regarded as 
a thermostable enzyme and could be successfully 
used to hydrolyze inulin at a relatively high 
temperature.

CONCLUSION

	 Aspergillus niger TISTR 3570 was found 
to be a good producer of inulinase, invertase and 
β-fructofuranosidase. The yields of the enzymes 
were enhanced substantially by optimization of the 
medium composition. Conditions were established 
for preferential production of the three enzymes. 
Under optimal conditions, the titers of the enzymes 
in the present study were generally consistent with 

the results attained in fermentation studies with 
other microorganisms (Table 7). With its ability to 
produce enzymes in a minimally controlled batch 
fermentation process and being characterized 
as thermostable for these enzymes, A. niger 
TISTR 3570 is potentially useful for producing 
a commercial enzyme cocktail readily utilizable 
for making either sweeteners or prebiotics from 
inulin.
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