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ABSTRACT

Enzymes obtained by fermentation processes offemgber of advantages and have been widely resedrahd
used throughout the world. This study aimed toiplytcharacterise an inulinase produced from pand cassava
peel. The enzyme was produced via the solid-staeehtation of Aspergillus japonicus URM5633. Tipénoal
temperatures were 50°C and 55°C, and the optimalvaties were 5.2 and 3.4 for inulinase fermentétive
produced from palm and cassava peel, respectividig. thermostability measurements for inulinase poed in
palm showed that the relative activity remainedbell00% until 30 minutes of stability for all temgiaires, but
reached 106.8% at a temperature of 50°C after G@uteis. Inulinase from the crude extract of casgaael was pH
stable and only decreased to 55% of the maximavigcover the course of the assay, suggesting tthiatenzyme
can be used in inulinase production and can bézetil in food industries.
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INTRODUCTION metabolism (Roberfroid 2002). Fructose formation
from inulin offers an advantage as it involves only

Inulinase (2,18-D-fructan fructanohydrolases EC @ single enzymatic step, which yields up to 95%
3.2.1.7) hydrolyses inulin into practically purefructose (Pandey et al. 2000).

fructose (Cazetta et al. 2010) and provides ahhe syrup can be depolymerised by two enzymes,
excellent alternative for the production of frueos an exoinulinase, which can release fructose units
syrup (Vandamme and Derycke 1983a; Treichel dfom the far end of the molecule of inulin, and an
al. 2009). The polysaccharide inulin hasendoinulinase, which acts at random on the
physicochemical properties that can replace botfiternal couplings of the molecular syrup,
sugar and fat in various food products, and it cafeleasing inulin-triose, inulin-tetraose and inulin
be classified as a functional food, or prebiotijta Pentose as the main products (Jing et al. 2003).
confers beneficial physiological effects on humarSolid-state fermentation (SSF) may be defined as a
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fermentation process where the microorganismBetermination of Reducing Sugars
grow in solid substrates with low water To determine the sugars in the samples, we used
concentration. Many studies on the application ofhe dinitrosalicylic acid (DNSA) method (Miller
SSF are focused in adding value to agroindustr{959). We added 100@L of the reactive DNSA
residues, which have been extensively used asreagent to 100 mL of sample, placed the sample in
physical support or source of nutrients in SSHoiling water for 10 minutes, and then took
(Mazutti et al. 2006). The enzymes produced byneasurements with a spectrophotometer set to 570
fermentation processes offer a number ofAm. The calibration curve was made from a
advantages and have been widely researched ast@ndard solution of fructose (0 to 5 mg L
used throughout the world. The application of
enzymes in food technology is a viable alternativénulinase Activity
because the process consumes little energ¥he enzymatic assays were conducted according
improves the quality of various products ando a procedure by Kochhar et al. (1999). First, 80
causes minimal environmental impact (Soccol angdL of the inulin solution at 1% (w/v) was
Vandenberghe 2003). The industrial application oflissolved in 0.1 M sodium acetate buffer (pH 4.8).
enzymes is determined by enzyme specificityThe 20uL sample was incubated at 37°C for 15
activity, stability (storage and use), availabilityminutes. After this period, the reaction was
and production costs. Enzymes are evaluated stopped by the addition of 1 mL of the 3,5- DNSA
industry by many factors, including the following: reagent (Miller 1959), and the resulting reducing
the concentration at which the enzyme must bsugar was monitored. Fructose was used as a
produced; the nature of the enzyme’s substrate; tls¢andard. One unit of inulinase (U) was defined as
required concentrations of the necessary co-factotse amount of enzyme that producegdriol min*
and/ or allosteric effectors; the presenceof fructose under the assay conditions described
concentration and types of inhibitors; and theabove.
optimal ionic potential, pH, temperature and
reaction time (Moreira et al. 2003). Effect of pH on Enzyme Activity
The optimum pH for the enzymatic activity of
inulinase was determined using different buffers at

MATERIALS AND METHODS 0.2 M. The following buffers were used to test
appropriate pH values, which appear in
Microorganism and Agroindustry Residues parentheses after the buffer composition: glycine -

Aspergillus japonicusURM5633 was obtained HCI buffer (pH 3.0, 3.4 and 3.6), citrate buffeH(p

from the collection of URM at the Department of3.4, 3.8, 4.0, 4.4, 4.8 and 5.2), phosphate buffer

Mycology, Federal University of Pernambuco. ThegpH 4.8, 5.2, 5.6 and 6.0) and sodium acetate

palm and cassava peel were obtained from locauffer (pH 4.4, 4.8 and 5.2). The determination of

farmers in Garanhuns/PE, Brazil. enzyme activity was performed as described
previously.

Production of Inulinase

Fermentations were performed in ErlenmeyeEffect of Temperature on Enzyme Activity

flasks (125 mL) with 10 g of each substrate (eithefhe optimum temperature was determined by

cassava peel or palm). Fermentations wermeasuring the enzymatic activity of the crude

performed at 28°C + 2 for 120 hours then stoppeextract on inulin solutions (1% wi/v) prepared in

to perform the enzymatic extraction. 0.1 M sodium acetate buffer (pH 4.8); the
enzymatic activity was monitored at 25, 37, 45, 50
Enzyme Extraction and 55°C.

The enzyme was extracted after 120 hours of

fermentation by adding 25 ml of sodium acetateéstability of Enzyme at pH

buffer (20 mM, pH 6.0) to every 10 g of fermentedThe pH stability was measured by subjecting the

medium, then incubating the mixture in a wateextracts to buffered conditions at different pH

bath at 32°C for a period of 1 hour and filteringvalues (glycine-HCI at pH 3.0, citrate at both pH

through a Whatman filter (No. 01). 3.4 and pH 4.0, acetate at pH 4.8 and citrate and
phosphate at pH 5.2) before starting the enzymatic
reaction. Aliquots were used to determine the
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activity of inulinase at time intervals of 30, @) RESULTS AND DISCUSSION
and 120 minutes.

The partial characterisation of inulinase enzyme
Enzyme Stability to Temperature extracts from palm showed that the optimal pH
To determine the heat stability, the enzyme wagFig. 1A and B) and temperature (Fig. 2) were 5.2
subjected to temperatures of 30, 40, 50, 60 an@odium acetate buffer, 0.2 M) and 37°C,
70°C. Aliquots were retained to determine theespectively. The enzymatic extract obtained from
specific activities at time intervals of 30, 60, 90the fermentation of cassava peel showed that the
and 120 minutes. The samples of each intervaptimal pH (Fig. 1 B) and temperature (Fig. 2)
were subjected to analytical determinations. Allere 3.4 (glycine-HCI buffer, 0.2 M) and 55°C,
tests were performed in triplicate. The minimumrespectively.
significant differences for the Tukey test was

P<0.05.
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Figure 1 - Effect of pH on the relative specific inulinaseiaty of A. japonicusURM5633 from
palm (A) and cassava peel (B). Buffersm) @lycine HCI, ¢) citrate, (¥) sodium
acetate and &) citrate phosphate. Mean of three repetitions. iim significant
differences for the Tukey test (P<0.05).

However, the results in the literature show thaby different substrates display different behavéour
optimal activity of inulinase produced By niveus across the tested temperature range (Fig. 2). The
4128URM occurs between a pH range of 4.0 andnzyme produced by the fermentation of palm has
7.0 and at a temperature between 45°C and 50€Crelative activity value that increases from 25 to
(Souza-Motta et al. 2005). The enzymes produceBb®C and peaks at 50°C before sharply declining at
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55°C, where it has the lowest activity. The enzymd5°C, decline at 50°C, then reach a maximum at
produced by the fermentation of cassava peel h&5°C.
activity values that increase until a temperature o
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Figure 2 - Effect of temperature on the relative specificlimase activity ofA. japonicusURM

5633 from palm ) and cassava) as substrates. Mean of three Repetitions. Minimum
significant differences for the Tukey test (P<0.05)

Some species oAspergillus produce inulinases (Fig. 3A). At a temperature of 50°C, the relative
with maximum activity at higher temperatures. Fomactivity reached 106.8% after 60 minutes of
example, the inulinase fromA. niger 245 has stability; the lowest relative activity, 54.6%, was
optimal activity at 60°C (Cruz et al. 1998).measured at 30°C after 120 minutes of stability.
However, temperatures above 55°C may disablafter 120 minutes of stability at 50°C, the relativ
some inulinases that are produced by fungactivity reached 118.9%. The enzyme in the crude
(Vandamme and Derycke 1983b). The stability oextract of cassava peel (Fig. 3B) remained above
inulinase from palm was measured with respect tt00% relative activity for all times and
temperature, and the relative activity remainedemperatures tested, reaching a 276.5% relative
below 100% up to 30 minutes at all temperatureactivity at 70°C after 90 minutes.
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Figure 3 - Thermal stability of inulinase produced By japonicus5633URM in palm (A) and
cassava (B). Temperatures - 30%J, (40°C (¢), 50° C 4), 60°C (x) and 70° Ce{.
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When analysing the stability of the enzyme aiThe enzyme in the enzymatic extract of cassava
different pH values, it was noted that thepeel (Fig. 4B) had a relative activity of more
inulinaseproduced from palm (Fig. 4A) than 100% in glycine buffer (pH 3.0, 0.2 M)
remained below 100% relative activity at 120and citrate buffer (pH 3.4 or 4.0, 0.2 M), but a
minutes in the glycine HCI buffer (pH 3.0, 0.2relative activity below 100% in sodium acetate
M) and the sodium acetate buffer (pH 4.8, 0.2uffer (pH 4.8, 0.2 M) and phosphate and
M). There is a residual activity of 123.8% for citrate buffer (pH 5.2, 0.2 M) after 30 minutes
the citrate buffer (pH 3.4, 0.2 M) at 60 minutesof stability. At 60 and 90 minutes, the stability
and residual activities of 226% and 448% foremained below 100% under all conditions,
citrate buffer (pH 4.0, 0.2 M) and phosphatewith the lower activity of 54.8% for the citrate

and citrate buffer (pH 5.2, 0.2 M), respectively,phosphate buffer after 60 minutes of stability.
after 120 minutes.
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Figure 4 - Effect of pH on the stability of inulinase produckdm palm (4A) and cassava (4B).

Buffers - glycine-HCI pH 3.0x(), citrate pH 3.4«) and 4.0 &), sodium acetate pH 4.8
(X) and citrate phosphate pH 5#).(
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CONCLUSIONS Mazutti M, Bender JP, Treichel H, Di Luccio M.
Optimization of inulinase production by solid-state

The results above confirm that the action of the ll‘Eermenta,t\i/lqn %Sir%g iugg%%ngp%%agge as substrate.
inulinase can vary significantly depending on the . nzyme MiCrob. Techndttuo, 53 95-3.

iller GL. Use of dinitrosalicylic acid reagent for
substrate used to produce the enzyme. Enzym

. Cdetermination of reducing sugaknal. Chem 1959;
produced from palm and cassava peel displayedsq. 406.429.

different parameters, such as the optimajoreira KA, Porto TS, Texeira MFS, Porto ALF, Lima
temperature and pH, two factors of great Filho JL. New alkaline protease froMocardiopsis
importance for enzymes with potential use in sp.: partial purification and characterizati®rocess
biotechnological  processes. The inulinase Biochem2003; 39: 67-72.

produced in this work has great potential to b&andey A, Soccol CR, Nigam P, Soccol VT.

used in the fermentation industry due to the Biotechnological potential of agro-industrial resés:
impressive values of relative activity. sugar-cane bagassBioresoure Technol2000; 74:

69-80.
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