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Influences of sulfhydryl oxidase isolated from Aspergillus niger on
physicochemical properties of starch and rheological properties of wheat dough
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The sulfhydryl oxidase (SHOxase; EC. 1.8.3.2) which catalyzes the oxidation of sulfhydryl groups
to disulfides was purified from Aspergillus niger using a combination of chromatographies. The
influence of SHOxase on starch properties was tested by rheometer, farinographand scanning
electron microscopy (SEM). Moreover, the gelatinization and retrogradation were studied
by differential scanning calorimetry (DSC). The data showed that the SHOxase blended on
dough formula increased the stability time of dough in a farinograph and all parameters of
viscoelastic properties compared to the control. Furthermore, SEM image of SHOxase on
dough showed that the gluten matrix was distinctly developed. The peak temperature (Tp) of
the starch gelatinization and enthalpy value (∆Hg) of control during mixing were compared
with the SHOxase blended wheat flour. Mixing increased the Tp of the starch gelatinization and
the ∆Hg. The addition of SHOxase in the blend increased the Tp and decreased the ∆Hg of the
starch gelatinization. According to the Avrami equation, the retrogradation rate of starch during
storage was slower than that of the control. The abilities of SHOxase to strengthen, decrease of
∆Hg and retard of retrogradation of wheat dough are likely attributable to its ability to catalyze
formation of disulfide bonds in the systems.

Keywords
Sulfhydryl oxidase
Physicochemical
Starch
Rheological

© All Rights Reserved

Introduction
Wheat protein (gluten) is quite unique among
other cereal and plant proteins in its ability to form
dough with viscoelastic properties for making bread,
biscuit, pasta, and other cereal products (Bushuk,
1998; Edwards et al., 2003; Anjum et al., 2007).
Though gluten comprises around 10–14% of wheat
flour, and consists of two major groups: the gliadins
and glutenins and also contains about 2–3% of cysteine
and cystine (Lasztity, 1986), they are responsible
for the viscosity and elasticity of dough to a great
extent (Sliwinski et al., 2004; Joye et al., 2009).
The gliadins consist of a mixture of many protein
of low and medium molecular weight with little
contains of disulfide bonds or inter-chain disulfide
bonds. Many researchers have investigated the
physicochemical properties of gliadins and glutenins,
also their relationships to the bread-making potential
of flour. Studies on the effect of heat on wheat protein
interactions have shown that the sulfhydryl-disulfide
interchange reaction was responsible for the protein
network formation upon thermosetting (Weegels et
al., 1994; Lagrains et al., 2010; Pepels et al., 2013).
Furthermore, it has been shown that disulfide cross*Corresponding author.
Email: triagus.faperta@.unej.ac.id, siswoyo.triagus@gmail.com

links played a significant role in the protein network
formation in dough. Disulfide reducing agents
(cysteine, glutathione, dithiothreitol, and sulfite),
sulfhydryl oxidizing agents (bromate and iodate), and
sulfhydryl blocking agents (N-ethylmaleimide) had
been considered the changes of physical properties
of dough (Sarwin et al., 1993; Goesaert et al., 2005;
Pecivova et al., 2010).
Sulfhydryl oxidase (SHOxase) was catalyzed
formation of disulfide bond on protein network. This
enzyme could impart selected on functional properties
and the physicochemical aspect into food properties.
In wheat dough, sulfhydryl oxidases can act on
the cysteine residues of gluten proteins and form
additional disulfide bonds in the protein network,
thus strengthening the matrix and secondly producing
hydrogen peroxide, which can non-enzymatically
crosslink wheat biopolymers (Buchert et al., 2010).
However, few researches have been carried out on
SHOxase as a natural additive which considered to
improve dough properties. The information about
the influence of SHOxase on thermal and rheological
properties of dough was poor. It is important to
predictive of dough and bread properties during
storage. The present study examined the influences
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of SHOxase isolated from Aspergillus niger on
rheological and thermal properties of starch in dough
and related with the retrogradation of starch during
storage.
Materials and Methods
Materials
The crude enzymes from Aspergillus niger
were provided by Amano Pharmaceutical Co., Ltd.
(Nagoya). The wheat flour used was a hard type
“Hermes”, provided by Okumoto Flour Milling Co.,
Ltd. (Osaka). The protein and ash contents of wheat
flour were 11.8 and 0.38%, respectively; both were
expressed on a 13.5% moisture basis.
Purification of SHOxase
Thirty grams of the crude enzyme was applied to
the column chomatography of DEAE-Sepharose CL4B (Pharmacia), Phenyl Toyopearl650C (Tosoh), and
Hydroxyapatite (Nihon Chemical) in this order. The
activity of SHOxase was based on the total RS- group
using 5,5-dithio-bis (2-nitrobenzoic acid) (DTNB)
(Chan and Wasserman, 1993).One unit of enzyme
activity was defined as the enzyme quantity which
oxidizer one µmol of cysteine per min. Measurement
of protein was carried out according to Lowry et al.
(1951). Protein concentrations were also estimated
from the absorbance at 280 nm. The molecular
weight of the purified SHOxase is estimated to be
55 kD a by SDS polyacrylamide gel electrophoresis
in comparison with standard proteins of appropriate
molecular weight, such as myosin, β-galactosidase,
albumin, aldolase, carbonic anhydrase and myoglobin
(Daiichi Chemical).
Preparation of sample
For the physicochemical measurement of dough,
wheat flour (280 g) and water (210 mL) containing
enzyme was used after mixing for 30 min in a homebaker (SD-BT-3, Matsushita Electric Co., Ltd, Osaka)
to clearly determine the effect of enzyme (Morita et
al., 1994) and this sample was used for differential
scanning calorimetry (DSC) and scanning electron
microscopy (SEM).
Rheological test
The amounts of SHOxase used for determination
of physical properties of dough were 8 units/kg of
flour, unless otherwise stated. Farinograph data were
obtained in a Brabender farinograph equipped with a
50 g stainless steel mixer; the standard speed of mixing
was 63 rpm at 30oC.The farinograph data including
arrival time, development time, stability time, the

percentage water absorption and valorimeter value
were obtained on maximum resistance, centered on
500 B.U.
Viscoelastic properties of dough were measured
using a Fudoh rheometer (Rheotech Co., Ltd.,
Tokyo). The dough sample obtained by mixing for
30 min in the bread baker, a 2-cm diameter plunger
for viscoelastic measurement and a 5-cm i.d. x 5 cm
sample were used, and the penetration depth was
controlled at 2 cm and the data were processed using
the computer program Rheosoft TR-06 (Rheotech
Co., Ltd.).
Scanning electron microscopy (SEM)
SEM was performed using a small portion of
dough which had been mixed for 30 min, as describe
by Morita et al. (1996). The dough sample was
frozen with liquid nitrogen, and then fractured into
a piece of about 1x1x0.5 cm3. After the sample was
lyophilized, the sample was fixed with solution of 2%
OSO4. Then, the sample was washed thoroughly with
deinoized water, freezed and lyophilized again. Next,
the sample was put on the surface of silver paste on
SEM metal stubs, and coated with a thin layer (about
150 µm) of palladium/platinum, after that viewed at
10 kV and photographed at a speed of 100 s/picture
at 17 mm working distance in a Hitachi scanning
electron microscopic apparatus model S-800.
Differential scanning calorimetry (DSC)
The DSC measurements were done with a
Shimadzu DSC apparatus (Model DSC-60, Kyoto,
Japan), controlled by TA-60 WS software and
connected to a thermal analysis. The calorimeter
was calibrated with indium (melting point, 156.7oC,
∆H = 27.6 J/g) and reference used was liquid
paraffin as reported by Siswoyo and Morita (2001).
Gelatinization temperatures of onset (To), peak (Tp),
finally (Tf) and the gelatinization enthalpies (∆Hg)
of starch were measured to characterize the thermal
properties of starch in dough. The starch in dough
samples was analysed for starch retrogradation
after storage for 0-12 days in aluminum capsules
at 22oC under a hermetically sealed condition. The
temperature was raised from room temperature to
120oC at the rate of 5oC per min.
Calculation of retrogradation kinetics
Retrogradation of starch during storage was
estimated from a DSC thermogram. The Avrami
model was employed to describe the kinetics ofstarch
retrogradationin the starch. The model (McIver et al.,
1968) can be expressed as:
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						(1)
		
Where θ is the fraction of uncrystallized starch
at time t, ∆H0 and ∆Ht are the enthalpy changes at
time 0 and time t, respectively, ∆H∞ is the limiting
enthalpy change, k is the rate constant, and n is the
Avrami exponent. ∆H∞ was taken to be the limiting
enthalpy change at infinite time (t ∞) obtained from
the plot of 1/∆Ht against 1/t (Mita, 1992).The rate
constants (k) and exponents (n) for the starch (where
∆H0 was zero in this study) were obtained from linear
regression of the retrogradation enthalpy data as:
						
						 (2)

1962

Table 1. Rheological properties of dough*

Amount of enzyme added: SHOxase (8 units).
Data are average of 3 replications.
b
Data are average of 2 replications.
*

Results and Discussion
Rheological properties of dough
The influences of SHOxase on rheological
properties of dough were determined using a
rheometer and farinograph. As shown in table 1,
additions of SHOxase increased of the viscoelastic
properties of dough such as stress, modulus of
elasticity, and viscosity coefficient compared with
the control, whereas the relaxation time was similar
than that of the control. The farinograph data: arrival
time of the dough containing 8 units SHOxase was
strongly delayed compared with that of the control.
But, the stability times of the dough prepared with
SHOxase was longer than those of the control.
Additions of SHOxase caused the flour to absorb
a little more water than the control and did not
change in the valorimeter value. Likewise, figure1
shows the effect of purified SHOxase on the dough
properties, as observed by SEM. In the control, starch
granules in the dough are uniformly covered with
gluten, however, addition of purified SHOxase to
dough seems to fibrous gluten and more fibrous than
control. From these data, it seems that the hardness
of dough containing SHOxase was related to the
oxidation of SH group, which possibly affected the
inter- or intramolecular SH-SS interchange reaction
that would contribute to the structure of protein. In
the oxidation of SH groups of protein and the SHSS interchange reaction might have taken place, and
the formation of intermolecular protein SS bonds
might have occurred consequently. According to
the continuous network model of protein structure
(Pepels et al., 2013), the elasticity of dough is at least
partly due to disulfide cross links in the network of
protein molecules.

a

Figure 1. Scanning electron microscopy images of starch
control (A); and SHOxase (B). Images were taken at 10
kV and photographed at a speed of 100 s/picture at 17 mm
working distance

Thermal properties of starch in dough
The effect of SHOxase during mixing on
starch gelatinization parameter peak (Tp) and the
gelatinization enthalpies (∆Hg) are shown in Figure
2A and B. As shown in Figure 2A that the Tp was
tended to increase but the addition of SHOxase into
the dough formulation caused the ∆Hg to decrease
than the control (Figure 2B). It seems that the
addition of SHOxase could increase the formation
of disulfide bonds in protein during dough mixing,
apparently limiting the water absorption on starch
granular. Samples with less water available for starch
gelatinization due to protein water absorption showed
higher Tp and lower ∆H of starch gelatinization
(Mohamed and Duarte, 2003).
Retrogradation of starch
The enthalpy value of re-gelatinization of starch
stored at 22oC during 0-12 days was observed in the
range from 50 to 75oC. The peak is identified as the
melting peak of amylopectin crystallites (Zhang and
Jackson, 1992; Lai et al, 2000). The ∆Ht at 0 day of
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Table 2. Effect of SHOxase on thermal properties of
retrogradation and avrami parameter of dough

Avrami exponent (n), rate constant (k), and regression
coefficient (r2) were obtained from linear regression of
experimental data, as described by Siswoyo and Morita (2001).
a

all the samples tested was undetectable after heating,
because starch was completely gelatinized during
heating. The enthalpy for melting of starch increased
logarithmically with storage time (Figure 3A).
Rapid retrogradation behavior as exemplified by the
control, showed a rapid increase in ∆H commonly at
the 8th day of storage, resulting in maximal ∆H by the
12th day. Slow retrogradation rates as exemplified by
addition of SHOxase, showed an increase in ∆H that
was detectable on the 2nd to 6th day and ∆H gradually
increased during storage. The addition of SHOxase
showed less ∆H than that of the control after 12 days
of storage. In the course of storage, SHOxase reduced
greatly the value in the ∆H than that of the control.
This result suggests that the retrogradation of starch
was retarded by the coexistence of SHOxase.
The Avrami model was found to give a reasonable
description of starch retrogradation during the starch
gelatinization, with a regression coefficient of 0.96–
0.98 (Figure 3B), and ∆H∞ values were in the ranges
of 10.96 (control) and 10.85 (SHOxase) J/g (Table
2). The Avrami exponent (n) for retrogradation
kinetics had a range of 0.8 (control), which was
higher than that of SHOxase (0.7). The difference in
values between the control and SHOxase in starch
suggests that the mechanism for recrystallization
of starch might be different as effect of SHOxase
on intermolecular formation of protein, but the n
value of control coincided perfectly with the n value
of wheat starch, which is in the range of 0.78-1.26
(Zhang and Jackson, 1992). For the rate constant (k),
the addition of SHOxase slowed the retrogradation
rate by factors of 0.93 (kc/kSHOxase) with respect to
the control (kc).
This result suggests that the addition of SHOxase
is better at retarding the retrogradation of starch
during storage than the control. The disulfide bond
increase on intermolecular formation of the protein
might prevent the reorganization of amylopectin
molecules during storage.

Figure 2. Effect of SHOxase during mixing on thermal
properties of dough.Peak temperature (A); Enthalpy value
of gelatinization (B). ○, Control; •, SHOxase

Figure 3. Gelatinization enthalpy of retrogradated starch
as function of storage at 22oC (A); Plots of logarithmic
fraction of crystallization (B), ○, Control; •, SHOxase
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