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The starch hydrolysis is an important step in the processes of starch technologies and treatment of starch substrates. High attention has been paid to the
industrial hydrolysis of starch substrates by enzymatic preparations. In this
work the glucoamylase Glm from Saccharomycopsis fibuligera IFO 0111 was
used in an attempt to obtain starch hydrolysates. This enzyme very probably
possesses the raw starch-binding site within the structure of catalytic domain
allowing it to split the native (i.e. raw) starch. The main goal of the present
work was to test the S. fibuligera IFO 0111 glucoamylase in hydrolysing the
raw starches. Two substrates were used: starch milk and corn starch (initial
concentration 23% w/w). The effects of enzyme dosage and thermal processing
of substrates on kinetics and efficiency of hydrolysis were observed. The results suggested that the glucoamylase was sufficiently effective in hydrolysing
tested raw starches and thermal modification of substrates was not necessary.
Key words: enzymatic hydrolysis, starch substrates, glucoamylase, amylolysis,
corn starch degradation.

Introduction
Starch is an important material for starch industry and fermentation technologies. From a
chemical view of point starch is a composition of the homopolysacharides – linear amylose and branched amylopectin. Starch is degraded mainly by amylolytic enzymes, namely
by α-amylase, β-amylase, glucoamylase, pullu-

lanase, and isoamylase (HORVÁTHOVÁ et al., 2001;
BERTOLDO & ANTRANIKIAN, 2002). These enzymes are produced by a wide variety of organisms
(HORVÁTHOVÁ et al., 2000; PANDEY et al., 2000).
More then 150 yeast strains are able to degrade
starch (MC CANN & BARNETT, 1986). The strains
of Saccharomycopsis fibuligera have been known as
good producers of various amylolytic enzymes for
a long time (ITOH et al., 1987a, 1987b; HOSTI-
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Table 1. Some properties of glucoamylases from Saccharomycopsis fibuligera (HOSTINOVÁ, 2002).
Enzyme
Glab
Glmc

Mw [kDa]

pHopt

Topt [ ◦C]

Residual activitya [%]

Raw starch digestion

62
55

5–6
5.5

40–50
40

55
0

No
Yes

a Residual

activity after 10 min boiling. b Glucoamylase from Saccharomycopsis fibuligera KZ. c Glucoamylase
from Saccharomycopsis fibuligera IFO 0111.

NOVÁ et al., 1991, 2003). However, the starch substrates have to be thermally modified before use
(GAŠPERÍK et al., 1985, 1988).
The glucoamylases (EC 3.2.1.3) from S.
fibuligera belong to important amylolytic exoenzymes. They degrade starch completely to βD-glucose (SAUER et al., 2000). Maltose can
also be hydrolyzed (NIGAM & SINGH, 1995). At
higher starch concentrations glucoamylases can
cause polymerization (reverse reactions) of glucose
(OATES & CHRISTOPHER, 1997).
Knowledge concerning the amylolytic enzymes produced by the strains of S. fibuligera (GAŠPERÍK et al., 1991; HOSTINOVÁ et al.,
1991; GAŠPERÍK & HOSTINOVÁ 1993; REISER &
GAŠPERÍK, 1995; SOLOVICOVÁ et al., 1999) has
recently been augmented by the studies on glucoamylase Glm from the strain S. fibuligera IFO
0111 (HOSTINOVÁ, 2002). This glucoamylase is
able to split the native (i.e. raw) starch (HOSTINOVÁ et al., 2003). The other two glucoamylases
from this yeast, Glu and Gla, do not exhibit this
property (ITOH et al., 1987a; HOSTINOVÁ et al.,
1991). The determination of the primary structure
of Glm and its comparison with all available glucoamylase sequences confirmed that it belongs to
the family GH-15 glycoside hydrolases (HENRISSAT, 1991). Since the size of this enzyme is comparable with the size of the catalytic domain of
usual GH-15 glucoamylases, the raw-starch degradation ability has to be organised as a raw starchbinding site within the catalytic domain, i.e. not
as a separate starch-binding domain (HOSTINOVÁ
et al., 2003). There are two related starch-binding
domains present, in addition to glucoamylases,
also in α-amylases and β-amylases (SVENSSON
et al., 1989; JANEČEK & ŠEVČÍK, 1999). They
are positioned at either the C- or the N-terminal
end of the protein and have been classified as
carbohydrate-binding module families CBM-20
and CBM-21, respectively (COUTINHO & HENRISSAT, 1999). Recently, the homologues of the
starch-binding domain have been identified in various non-amylolytic proteins, e.g. laforin (MINASSIAN et al., 2001) and genethonin 1 (JANEČEK,
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2002). It is worth mentioning that the starchbinding domain retains its properties despite the
fact whether or not it is joined to the catalytic domain (DALMIA et al., 1995; PALDI et al., 2003).
The ability to degrade the raw starch without
the presence of a separate starch-binding domain
is known also in α-amylases, especially in those
from barley (SØGAARD et al., 1993; TIBBOT et
al., 2002).
Some enzymatic properties of glucoamylases
Gla and Glm from the strains of S. fibuligera are
shown in Table 1. It is obvious that the yeast
Saccharomycopsis fibuligera (strains KZ and IFO
0111) is a good producer of glucoamylases with
industrially interesting properties, such as raw
starch degradation by Glm or the capability of
Gla to retain the enzyme activity after boiling.
The main aim of the present study was to test
the hydrolytic activity of glucoamylase Glm from
Saccharomycopsis fibuligera IFO 0111 on the native starch substrates at different conditions.
Material and methods
Substrates
Two substrates were used: A – starch milk, dry matter
46% (w/w) (AMYLUM SLOVAKIA a. s., Boleráz, Slovakia) and B – corn starch (LABETA, Staré Jesenčany,
Czech republic).
Enzymes
Glucoamylase Glm from Saccharomycopsis fibuligera
IFO 0111 (a gift from the Institute of Molecular Biology, Slovak Academy of Sciences, Bratislava, Slovakia)
in the form of a lyophilised crude enzyme preparation,
specific activity of lyophilisate: 320 U/mg of protein.
For determination of glucose concentration, glucosidase as commercial set Glukosa GOD 1500 (LACHEMA, Brno, Czech Republic) was used.
Hydrolysis of native starch substrates
The suspension of substrates (A, B) with starch concentration 23% (w/w) was adjusted to pH 5.5. The
concentrations of glucoamylase were 33, 50, 75 U/g of
starch or 15, 300, 500, 1000 U/g of starch. The entire
composition, with occasional mixing, was incubated for
10 to 15 hours at 40 ◦C. During the incubation the 50
µL samples were taken that were used for determination of glucose concentration.
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Fig. 1. The course of glucoamylase hydrolysis of native starch milk (concentration 23% w/w) at pH 5.5 and 40 ◦C and
its efficiency. Concentration of glucoamylase (in U/g of starch): A – 15, B – 33, C
– 50, D – 75, E – 300, F – 500, and G –
1000.
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Hydrolysis of partially thermally processed starch substrates
The suspension of substrates (A, B) with starch concentration 23% (w/w) was preheated for 2 hours at
40 ◦C in a water bath. After pH adjustment (pH 5.5),
properly diluted solution of the enzyme (concentrations 33, 50, 75 U/g of starch or 15, 300, 500, 1000 U/g
of starch) was added. The entire composition, with occasional mixing, was incubated for 10 to 12 hours at
40 ◦C. During the incubation the 50 µL samples were
taken that were used for determination of glucose concentration.
Dextrose equivalent computation
Dextrose equivalent (DE) is the expression (in percentages) of the degree of enzyme hydrolysis as a ratio of
immediate glucose concentration and the maximum,
theoretically obtainable, glucose concentration.
Analytical methods
Glucoamylase activity was determined using the modified Somogy and Nelson micro-method (SOMOGY,
1952). One unit of the enzyme activity is defined as
the amount of enzyme releasing 1 µmol of glucose/1
min from starch under the experimental conditions.
Starch content in the starch milk was determined
polarimetrically after its transformation into soluble



Fig. 2. The course of glucoamylase hydrolysis of native corn starch (concentration 23% w/w) at pH 5.5 and 40 ◦C and
its efficiency. Concentration of glucoamylase (in U/g of starch): A – 15, B – 33, C
– 50, D – 75, E – 300, F – 500, and G –
1000.

form using hydrochloric acid (DAVÍDEK, 1981). Glucose was determined by the spectrophotometrical commercial set Glukosa GOD 1500 (LACHEMA, Brno,
Czech republic).

Results and discussion
The effect of glucoamylase concentrations on hydrolysis of native starch
The starch concentration in both substrates,
starch milk (substrate A) and corn starch (substrate B) was 23% (w/w). The courses of hydrolysis for starch milk and corn starch are shown in
Figure 1 and Figure 2, respectively. The hydrolysis was monitored by glucose increase and the
efficiency was expressed as DE.
In the first series of experiments we choose
dosing of glucoamylase 15, 300, 500 and 1000 U/g
of starch. At twenty-fold increase of enzyme (e.g.,
from 15 to 300 U/g of starch) the amount of glucose increased only twice using both substrates:
from 6.1 to 12.5 g/L for A and from 5.9 to 10.8 g/L
for B. We found out that neither the rate nor the
efficiency of the hydrolysis of starch was increased
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were not considered due to creating compact gels
of starch at these concentrations.
The results are presented in Figure 3. It is
obvious that thermal modification of tested substrates was not necessary, because glucoamylase
was sufficiently effective to hydrolyse the native
substrates. Using the substrate A, the glucoamylase was even more effective in hydrolysing the native starch milk than thermally modified starch
milk (Fig. 3A). Concerning the substrate B, the
courses of hydrolysis are similar whether or not
the corn starch was used as native or thermally
adapted (Fig. 3B).
Conclusions

Fig. 3. The course of glucoamylase hydrolysis and its
efficiency of the starch milk (a) and corn starch (b).
A – native and B – thermally modified (2 hours at
40 ◦C) substrate. Concentration of glucoamylase: 75
U/g of starch, concentration of starch: 23% w/w (pH
5.5, 40 ◦C).

with high dosage of the enzyme. In addition, high
dosage of the enzyme can cause reverse reaction of
glucose (HOSTINOVÁ et al., 1991). Since no direct
proportional relationship was observed concerning
the amounts of used enzyme and produced glucose
(Figs 1,2), we therefore decreased the dosage of the
enzyme in further experiments (up to the level 100
U/g of starch with rising coefficient 1.5). Hydrolysis was more efficient using the substrate A (native
starch milk), the maximum increase of glucose being reached already in the 3rd hour of hydrolysis
(Fig. 1). Hydrolysis of native corn starch exhibits
different behaviour. Maximum DE was lower and
maximum increase of glucose was observed in the
7th hour of the process (Fig. 2). The courses of
hydrolysis with dosage of glucoamylase 33, 50 and
75 U/g of starch were similar at both substrates.
Influence of thermal modification of substrates on
starch hydrolysis
In these experiments we wanted to verify the influence of thermal pre-processing of the substrates on
the rate of the hydrolysis and glucose yield. Time
of the thermal processing was 30 min, 1 hour and
2 hours (temperature 40 ◦C). Higher temperatures
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The glucoamylase Glm from S. fibuligera IFO 0111
used in the present study represents an exceptional glucoamylase able to degrade the raw starch
although it does not contain a separate starchbinding domain (HOSTINOVÁ et al., 2003). The
obtained results clearly demonstrate that the glucoamylase was effective in hydrolyzing the native
starch substrates (starch milk and corn starch). It
was found that the course of hydrolysis depends
on type of the substrate and on a dosage of the
enzyme. In the hydrolysis of corn starch, the maximum increase of glucose was observed later than
in the hydrolysis of the starch milk. Optimum concentration of glucoamylase was determined to be
33–75 U/g of starch at given experimental conditions. The results suggested that thermal modification of the starch substrates (2 hours at 40 ◦C),
when using this glucoamylase, is not necessary.
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