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Soybean trypsin inhibitor (STI) is considered as one of the most important anti-nutritional factors in
soybeans. The objective of this study was to investigate the impacts and underling mechanisms of
dielectric-barrier discharge (DBD) plasma on STI activities. The results shown that DBD plasma treatment
significantly induced the inactivation of STI in soymilk and Kunitz-type trypsin inhibitor from soybean
(SKTI) in a model system. After exposure to DBD plasma at 51.4 W for 21 min, the STI activities of soymilk
were reduced by 86.1%. Affter being treated by DBD plasma, the intrinsic fluorescence and surface
hydrophobicity of SKTI were significantly decreased, while the sulfhydryl contents were increased. It is
assumed that DBD plasma-induced conformational changes and oxidative modification might contribute
to the inactivation of SKTI. In summary, DBD plasma technology is a potential alternative to heat treat-
ment for the inactivation of anti-nutritional substances in food legumes.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Soybean (Glycine max (L.) Merr.) is one of the most economical
and nutritious food resources in the world, especially in the devel-
oping countries. In comparison to many of today’s major food
sources, soybeans are rich in protein, lipids, carbohydrates, dietary
fiber, vitamins, minerals, and a number of phytochemicals. For
their unique nutritional-profile and health-promoting effects, soy-
beans and soy based foods are widely consumed in the world
(Isanga & Zhang, 2008; Tidke, Ramakrishna, Kiran, Kosturkova, &
Ravishankar, 2015). However, like other legumes, soybeans contain
a plethora of antinutritional factors, including protease inhibitors,
lectins, urease, oligosaccharides, lipoxygenase, phyto-oestrogens
and phytate (Liener, 1994). The presence of anti-nutritional sub-
stances in soybeans can significantly reduce the digestion and
absorption of essential nutrients and cause adverse health effects
to human and animal health. Among them, trypsin inhibitor is con-
sidered as one of the most important anti-nutritional factors in
grain soybeans. Soybean trypsin inhibitor (STI) belongs to the
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family of serine protease inhibitors, which can reduce the biologi-
cal activities of proteolytic enzymes, such as trypsin and chy-
motrypsin. STI can interfere with protein digestion and may
cause pancreatic disorders (Weizman, 2004). It was reported that
pancreatic hypertrophy and hyperplasia were induced in rats fed
either soy protein concentrate or direct concentrate of STI
(Smith, Wilson, Allen, & Berry, 1989).

To ensure the safety and nutritional quality of soybean foods, it
is necessary to reduce or eliminate these anti-nutrients by using
proper processing methods and techniques. Currently, soybean
foods are usually be subjected to various thermal treatment (such
as roasting, microwaving, and boiling) before being consumed by
human beings or animals, in order to inactivate or reduce the activ-
ities of anti-nutritional compounds (Andrade, Mandarino,
Kurozawa, & Idaet, 2016; Chen, Xu, Zhang, Kong, & Hua, 2014).
Nevertheless, thermal treatment process can lower the contents
of some essential nutrients and induce the formation of hazardous
compounds in foods (van Boekel et al., 2010). Therefore, non-
thermal processing techniques have been extensively studied for
their applications in food industry. In recent years, non-thermal
treatments, including high hydrostatic pressure (van der Ven,
Matser, & van den Berg, 2005), ultrasound (Huang, Kwok, &
Liang, 2008), and instantaneous controlled pressure (Haddad &
Allaf, 2007), have been used to inactivate trypsin inhibitors in soy-
bean and soy-based foods.
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Over the last several years, low temperature plasma technology
has drawn a considerable attention and shows a huge application
potential in the field of food industry (Shaw, Shama, & Iza, 2015;
Thirumd, Sarangapani, & Annapure, 2015). The term “plasma”
was first introduced by Irving Langmuir to describe an ionized gas
in 1927 (Thirumd et al., 2015). Plasma, often recognized as the
fourth state of matter after solids, liquids, and gases, is estimated
to constitute more than 99% of the visible matter in the universe.
Plasma is ionized gas, which is composed of numerous reactive spe-
cies, including positive ions, negative ions, electrons, free radicals,
gas atoms, excited and ground state atoms and/or molecules, and
photons (visible and UV), (Shaw et al., 2015; Thirumd et al.,
2015). Plasmas are usually divided into two main categories: high
temperature plasma (equilibrium plasma) and low temperature
plasma (non-equilibrium plasma). For high temperature plasma,
the electrons, ions, and neutral species are in an equilibrium or near
equality state. The low temperature plasma can be further divided
into thermal plasma, also known as quasi-equilibrium plasma (typ-
ically 100-150 °C), and cold plasma, also called non-equilibrium
plasma or non-thermal plasma (<60 °C) (Huang & Tang, 2007).

Due to its strong thermodynamic non-equilibrium nature, low
gas temperature, and presence of reactive chemical species with
a high selectivity, cold plasma has received great attention in
recent years and has been used in a wide variety of applications,
including biology, medicine, and food security. For food industry,
cold plasma technology has shown great potential for microorgan-
ism inactivation (including bacterial cells, spores, yeasts, and
moulds) in raw agricultural products and foods (Niemira, 2012),
modification of food components (including whey protein, rice
flour, and starch) (Han, Manolach, Denes, & Rowelld, 2011; Misra,
Pankaj, Segat, & Ishikawa, 2016), food packaging (Pankaj et al.,
2014), and seed germination (Li et al., 2014), and so on.

Numerous studies have been reported that cold plasma treat-
ment can induce inactivation of enzymes, such as lysozyme,
polyphenol oxidase, peroxidase, lipase, and a-amylase, in various
foods and model systems (Misra et al., 2016). However, studies in
the effects of cold plasma on soybean trypsin inhibitor are still lim-
ited. Therefore, the objective of this work was to investigate the
effects of dielectric-barrier discharge (DBD) plasma treatment on
the activities of STl in soymilk and Kunitz-type trypsininhibitor from
soybean (SKTI) in a model system. In addition, the working mecha-
nisms of DBD plasma were also determined by measuring changes
in the intrinsic fluorescence spectra, free sulfhydryl contents and
surface hydrophobicity of SKTI after exposure to DBD plasma.

2. Materials and methods
2.1. Materials

Soybeans were obtained from a local market in Zhengzhou
(Henan, China) and were stored at 4 °C until use. Kunitz-type tryp-
sin inhibitor from soybean (SKTI) was purchased from Sigma Chem-
ical Co. (St. Louis, MO, USA). N-benzoyl-dl-arginine-p-nitroanilide
hydrochloride (BAPNA), Tris base, dimethylsulfoxide (DMSO), and
bovine pancreatic trypsin were obtained from Beijing Huamaike
Biotechnology Co., Ltd. (Beijing, China). Cysteine (Cys), 1-anilino
naphthalene-8-sulphonate (ANS), and 4,4’-dithiodipyridine (DTDP)
were supplied by Aladdin Reagent Co., Ltd. (Shanghai, China). All
other reagents were analytical grade and used without further
purification.

2.2. Preparation of soymilk

Soymilk was prepared according to the method developed by
Chen et al. (2014). Briefly, soybeans (20g) were soaked in

deionized water (200 mL) for 14 h at 4 °C. After being rinsed with
deionized water for three times, the swollen beans were mixed
with deionized water (200 mL) and blended for 5 min at low speed
with a household blender (model QH-900B1, Joyoung Co., Ltd.,
Hangzhou, China). The soy slurry was filtered through four layers
of cheese cloth and then a 200-mesh sieve. The filtrate was desig-
nated as raw soymilk.

2.3. Experimental apparatus and DBD plasma treatment

Schematic diagram of experimental apparatus to generate DBD
plasma is shown in Fig. 1. The experimental apparatus consists of a
high voltage alternating current power source (CTP-2000 K), a DBD
plasma reactor (DBD-50) and a quartz dish (Nanjing Suman Elec-
tronics Co., Ltd., China). The DBD plasma reactor consists of two
steel electrodes of 50 mm diameter, a upper quartz plate (¢
102 mm x 1 mm), and a lower quartz plate ($90 mm x 1 mm).
The air gap distance between quartz plates is set to 10 mm. The
reactor dish is made by quartz with a outer diameter of 70 mm,
inner diameter of 50 mm, a wall thickness of 9 mm and a depth
of 4 mm, which is placed between the two quartz plates. The
DBD plasma was generated between the upper electrode and the
sample solutions.

SKTI was dissolved in deionized water at initial concentration of
0.01 mg/mL. For DBD cold plasma treatment, the quartz dish con-
taining 3 mL of soymilk or SKTI solution was placed in the center of
the two quartz plates. After being treated at given operating condi-
tions, the samples were collected for further analysis.

2.4. Measurement of inhibitory activities of STI

The activities of STI in soymilk and SKTI were determined
according to the methods described previously (Chen et al., 2014;
Huang et al.,, 2008). The substrate solution was prepared by dis-
solving 15.0 mg BAPNA in 0.5 mL dimethyl sulfoxide and then
diluting to 50 mL with Tris-HCl buffer (0.05M, pH 8.2, 0.02 M
CaCl,). 2 mL of soymilk samples or SKTI solution, 5 mL of BAPNA
solution, and 1 mL of bovine trypsin solution (0.2 mg/mL in
0.04 mM HCl) were mixed in test tubes. The reaction mixtures
were incubated in a water bath at 37 °C for exactly 10 min and ter-
minated by adding 1 mL of 30% (v/v) acetic acid solution. In the
control group, the soymilk samples or SKTI solution was replaced
by 1 mL of deionized water. The absorbance at 410 nm was mea-
sured using a UV-visible spectrophotometer (UV-2450, Shimadzu,
Japan). One unit of trypsin activity (TU) is defined as the increase in
the absorbance of 0.01 at 410 nm under assay conditions. The tryp-
sin inhibitor unit (TIU) was calculated as the difference in the
absorbance between the standard test-tube without soymilk sam-
ples or SKTI and the sample test-tube with soymilk samples or
SKTI. The percentage of residual inhibitory activity of STI was
expressed as the ratio between the TIU amounts of the assay and
the untreated sample, multiplied by 100%.

2.5. SDS-PAGE analysis of SKTI samples

After DBD plasma treatment, the SKTI samples were mixed with
one part of 5x sample buffer and then held in boiling water bath
for 5 min. The samples were separated using 12.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). After elec-
trophoresis, the gels were stained with 0.1% (w/v) Coomassie Bril-
liant Blue R-250 (40% methanol and 10% acetic acid) for 30 min and
then destained overnight. Protein bands in the gel were visualized
with the ChemiDoc XRS® imaging system (Bio-Rad) and analyzed
using Image Lab™ software (version 5.2, Bio-Rad).
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Fig. 1. Schematic diagram of the experimental apparatus for DBD plasma preparation.

2.6. Quantification of protein sulfhydryls with DTDP

Protein sulfhydryls were measured according to the 4, 4'-
dithiodipyridine (DTDP) methods described in the previous reports
(Hansen, @stergaard, Nergaard, & Winther, 2007; Liu, Hong, &
Deng, 2013) with slight modifications. Briefly, protein samples
were diluted with Sodium phosphate buffer (100 mM NaH,PO,,
0.2 mM EDTA, pH 7.0 adjusted with NaOH). 0.7 mL of diluted pro-
tein samples was incubated with 0.1 mL of 4 mM DTDP reagent (in
acetonitrile) for 5 min at room temperature. Then, the absorbance
at 324 nm was measured. Cysteine was used as standard for the
calibration curve and the results were expressed as pmol SH/g pro-
tein (umol/g pro.).

2.7. Intrinsic fluorescence measurements

The protein concentration of SKTI samples were measured
using BCA Protein Assay Kit (Thermo Scientific Pierce, Rockford,
USA) and then the samples were diluted with phosphate buffer
solution of pH 7.2 to finally yield a working solution of 10 pg/mL.
Fluorescence emission spectra of different DBD plasma-treated
SKTI samples were recorded using a Hitachi F-7000 fluorescence
spectrophotometer (Hitachi High-Technologies Co. Ltd., Tokyo,
Japan) with a 1 cm quartz cuvette at room temperature. Fluores-
cence emission spectra were recorded in the range of 290-
450 nm (Aex =280 nm) at scan speed of 240 nm/min with slit
widths of 5nm for both excitation and emission (Li & Geng,
2016). The fluorescence intensity was expressed in arbitrary units
(A.U.).

2.8. Measurement of protein surface hydrophobicity (PSH) index

The surface hydrophobicity of SKTI samples was determined
with fluorescent probe 1,8-anilinonaphthalene-8-sulfonate (ANS)
with previously reported methods (Alizadeh-Pasdar & Li-Chan,
2000; Sun et al., 2015). SKTI samples were diluted with the PBS
buffer (10 mM, pH 7.2) to a serial concentration of 0.2-1.0 mg/
mL. An aliquot (50 pL) of ANS solution (8 mM ANS in 10 mM phos-
phate buffer, pH 7.0) was added to 4 mL of each dilution and the
mixtures were incubated for 10 min in dark. Then, the relative flu-
orescence intensity of ANS in STI solutions was measured on a
Hitachi F-7000 spectrofluorometer (Tokyo, Japan) at 390 nm (eXxci-
tation) and 470 nm (emission). The excitation and emission slit
widths were set to 2.5 nm. The index of surface hydrophobicity
was determined with the slope method reported by Alizadeh-
Pasdar and Li-Chan (2000).

2.9. Statistics

All experiments were conducted at least three times. Data
reported are mean values + standard deviations. The data were sta-
tistically analyzed using the IBM SPSS for Windows (version 22.0,
SPSS Inc. Chicago, IL, USA) and the means were compared by inde-
pendent samples t-test to evaluate significant differences. A level
of *p < 0.05, and **p < 0.01, was regarded as statistically significant.

3. Results and discussion
3.1. DBD plasma treatment resulted in inactivation STI in soymilk

Firstly, the influences of DBD plasma treatment on trypsin inhi-
bitor activities of soymilk were investigated. As shown in Fig. 2A,
DBD plasma treatment could effectively induce time-dependent
inactivation of trypsin inhibitor in soymilk. After being treated at
51.4 W for 27 min, the trypsin inhibitor activities of soymilk were
mostly almost completely destroyed (Fig. 2A). The input power
also significantly affected the efficacy of DBD plasma on inactiva-
tion of trypsin inhibitor. With increasing input power, the residual
inhibitory activities of trypsin inhibitor in soymilk were also signif-
icantly decreased (Fig.2B). These results indicated that DBD
plasma could effectively inactivate STI activities of soymilk in a
time- and input power-dependent way.

3.2. DBD plasma treatment resulted in inactivation of SKTI

SKTI was chosen as a standard soybean trypsin inhibitor to
investigate the working mechanisms of DBD plasma. As indicated
in Fig. 3A, SKTI dramatically inhibited the hydrolytic activity of
trypsin and the inactivation of trypsin was promoted by the
increasing amount of SKTI, which were consistent with the results
of previous research (Huang et al., 2008). When the concentration
of SKTI was set up at 10 pg/mL, the activity of trypsin decreased by
93.8% (p < 0.01). In order to attain a high inhibitory ratio, the con-
centration of SKTI used in following study was set at 10 pg/mL.

It was observed that DBD plasma treatment caused a dramatic
reduction in the inhibitory activities of SKTI (Fig. 3B and C). With
increasing treatment time from 30 to 210 s, the inactivation effi-
ciency of DBD plasma was also reinforced. As indicated in Fig. 3B,
the inhibitory activities of SKTI were reduced by 95.6% (p < 0.01)
after the exposure to DBD plasma at 51.4 W for 210 s. The input
power was another important factor affecting the performance of
DBD plasma. As the input power increased from 2.9 to 123.7 W,
the inhibitory activities of SKTI were also significantly decreased
(Fig. 3C). After being treated at 123.7W for 90s, the residual
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Fig. 2. Effects of DBD plasma treatment on residual STI activities of soymilk. Soymilk was treated by DBD plasma at 51.4 W for different time interval (A) or at various input
power for 90 s (B). Residual STI activities of soymilk were measured as described in the Materials and Methods section. Each value represents the mean + SD (n = 3). * p < 0.05,

**p<0.01 versus the control group.
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inhibitory activity of SKTI against trypsin was decreased by 89.2%
(p <0.01). These results indicated that DBD plasma could destroy
the inhibitory activities of SKTI in a time- and input power-
dependent manner.

3.3. SDS-PAGE profiles of SKTI after DBD plasma treatment

The SDS-PAGE profile of SKTI was shown in Fig.4A and B.
According to the report of Roychaudhuri, Sarath, Zeece, and

Markwell (2004), the molecular weight of SKTI is about 21.5 kDa.
Therefore, the protein bands between 18.4 and 25.0kDa in
Fig. 4A and B are ascribed as SKTI. SDS-PAGE analysis indicated
that no obvious lower molecular weight fragment or cross-linked
protein bands with greater molecular weight were observed after
exposure to DBD plasma (Fig. 4A and B). However, after being trea-
ted at 51.4 W for 240 s or 175.6 W for 90 s, the bands of SKTI faded,
indicating that degradation of SKTI took place (indicated by the
arrow in Fig. 4A and B).
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section.

It has reported that various biologically relevant reactive oxy-
gen and nitrogen species are generated during plasma treatment,
such as hydrogen peroxide (H,0,), ozone (Os), peroxynitrite
(ONOO™), hydroxyl radical (OH-), superoxide anion (03 ), and sin-
glet oxygen ('0,) in liquids (Priya Arjunan & Morss Clyne, 2011).
These reactive species are able to cause oxidation in both amino
acid side chains and protein backbones, thereby resulting in oxida-
tive degradation or cross-linking of proteins (Misra et al., 2016;
Zhang et al., 2015). For the low sensitivity of coomassie staining
and the low levels of cross-linked and degraded products, there
was no obvious changes in the SDS-PAGE profile of DBD plasma-
treated SKTI samples. It is supposed that the reactive species-
induced oxidative modifications may result in the inactivation of
SKTI. As the major components of food, proteins are significantly
affected by various processing conditions. Therefore, further
research is needed to investigate the influences of DBD plasma
on the nutritional and functional properties of food proteins.

3.4. DBD plasma treatment induced changes intrinsic fluorescence of
SKTI

The proper folding and the maintenance of its native conforma-
tion are essential for the integrity and biochemical activity of a
protein. The intrinsic fluorescence of proteins, originating from
aromatic amino acids, including phenylalanine (Phe), tyrosine
(Tyr), and tryptophan (Trp) residues, has been extensively used
to obtain information on structural and dynamic properties of pro-
teins (Ghisaidoobe & Chung, 2014). In this study, the influence of
DBD plasma on conformational changes of SKTI was investigated
by measuring the intrinsic fluorescence spectra of DBD plasma-
treated SKTI at A.x =280 nm and the results indicated that DBD
plasma treatment could induce a distinct decrease in the relative
peak fluorescence intensities of SKTI, depending on the treatment
time and input power-dependant used. As depicted in Fig. 4C, after
being treated at 51.4 W for 240 s or at 175.6 W for 90 s, the peak
fluorescence intensities of SKTI were decreased by 28.4% and
22.5%, respectively. Trp is the dominant intrinsic fluorophore and

the intensity of Trp residues are recognized to be sensitive to the
microenvironment of proteins (Ghisaidoobe & Chung, 2014). As
an aromatic and hydrophobic amino acid, Trp prefers to be buried
in protein hydrophobic cores. When Trp residues are exposed
into a high-polar aqueous environment, which quite often is the
case for unfolded states, the emission intensity will decrease
(Alston et al., 2004). Therefore, the decrease in fluorescence inten-
sity of SKTI indicated that the local environment of Trp residues in
SKTI was changed to more polar after DBD plasma treatment.
Furthermore, a small red shift of maximum emission wave-
length was observed after DBD plasma treatment. After being trea-
ted at 51.4 W for 240 s, the maximum emission wavelength of SKTI
was shifted from 334 nm to 336 nm (Fig. 4C). Unfolding of a pro-
tein always accompanied a red shift in the fluorescence spectrum
of buried tryptophan residues in the range 345-355 nm (Alston
et al., 2004; Ervin, Sabelko, & Gruebele, 2000). The observed red
shift suggested that the fluorophores were replaced from the
less-polar interior of SKTI to solvent exposed regions upon unfold-
ing after DBD plasma treatment (Duy & Fitter, 2006). Taken
together, these data indicate that the DBD plasma treatment
induce unfolding of SKTI and the conformational changes of SKTI
may be related to the decrease in the trypsin inhibitory activities.

3.5. DBD plasma treatment induced increase in the free sulfhydryl
content of SKTI

The composition and status of disulphide bonds play a key role
in determining the structure, inhibitory function, and resistance to
thermal and chemical denaturation of SKTI (Roychaudhuri et al.,
2004; Tetenbaum & Miller, 2001). In this work, the total free sulf-
hydryl groups were measured to evaluate the effects of DBD
plasma on the covalent interactions of SKTI. When compared to
the control group without DBD plasma treatment (4.16 pmol/g
pro.), the free SH-group contents of SKTI were increased signifi-
cantly (p<0.01) by 26.2%, 48.4%, and 66.1%, respectively after
DBD plasma treatment for 120, 180, and 240 s at 51.4 W (Fig. 5A).
The free SH-group contents of SKTI were also influenced by input
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power. As shown in Fig. 5B, the free SH-group contents of SKTI
were increased significantly with increased input power. After
being treated with DBD plasma at 73.6, 123.7, and 175.6 W for
90s, the free SH-group contents of SKTI were increased
significantly (p <0.01) by 10.9%, 34.5%, and 40.7%, respectively.
These results are in agreement with a previous report of Huang
et al. (2008), who reported that the contents of sulfhydryl groups
in SKTI were increased dramatically after ultrasound treatment.
It has been reported that there are three kinds of Kunitz-type tryp-
sin inhibitor (Tia, Tib, and Tic) in soybean seeds, which all consist
of 181 amino acid residues with 4 Cys and 2 Met and have a single
reactive site at the same position (Arggs-Ilesy). SKTI contains two
intramolecular disulfide bridges (Cyssg-Cysse and Cysq3s-CySi4s)
(Kim et al., 1985; Song & Suh, 1998). Although the disulfide bonds
are not located near the active site of SKTI, the breakdown of
disulphide bonds may result in conformational changes in SKTI,
which is necessary to sustain inhibitory activity of SKTI
(Tetenbaum & Miller, 2001). According to the previous
research, cold plasma can cause the cleavage of disulfide bonds
involved in the structure of polypeptides and proteins (Xia &
Cooks, 2010), which result in the inactivation of proteins, such as

arginine vasotocin (Motrescu et al., 2011) and rabbit anti-RpoH
antibody (Lackmann et al., 2015).

As reported by previous studies, some strong oxidizing agents
can converts one disulfide bond into 2 cysteic acids, in an
irreversible way (Lu & Chang, 2010). The free radicals inside the
oscillating bubble also play an important role in ultrasound
irradiation-induced reduction of disulfide bonds (Huang et al.,
2008). Therefore, it is speculated that the DBD plasma produced-
reactive species may be involved in changes in the disulfide linkage
of SKTI by transforming the disulfide linkage (R-S-S-R’) into a
terminal thiol group, such as R-SH and R’-SH (Huang et al., 2008;
Priya Arjunan & Morss Clyne, 2011; Rehman, Jawaid, Uchiyama,
& Kondo, 2016).

3.6. DBD plasma treatment decreased the surface hydrophobicity of
SKTI

The effects of DBD plasma on the surface hydrophobicity of SKTI
was investigated by ANS binding method. As a fluorescent dye that
binds to hydrophobic surfaces of proteins with high affinity, ANS
has been widely used to study the hydrophobic character of



J. Li et al./Food Chemistry 232 (2017) 515-522 521

proteins (Latypov et al., 2008). As illustrated in Fig. 6, DBD plasma
treatment exhibited a notable influence on surface hydrophobicity
index of SKTI. After being treated at 51.4 W for 240 s or 175.6 W for
90 s, the surface hydrophobicity indices of SKTI were decreased
significantly (p < 0.01) by 43.6% and 48.1%, respectively.

The function of a protein is determined by its specific conforma-
tion. Surface hydrophobicity is an important surface-related prop-
erty of proteins, which is significantly correlated with the
conformations and solubility of protein. The conformational
changes of protein are often associated with changes in surface
hydrophobicity (Chao, Ma, & Stadtman, 1997; Wagner,
Sorgentini, & Afién, 2000). It may be hypothesized that DBD plasma
treatment-induced decrease in surface hydrophobicity plays an
important role in the inactivation of SKTIL

4. Conclusions

The results of the present study suggested that DBD plasma
treatment could induce the inactivation of STI in soymilk and SKTI
in a model system. The DBD plasma treatment also resulted in sig-
nificant decrease in the surface hydrophobicity and intrinsic fluo-
rescence of SKTI, as well as increase in free sulfhydryl contents.
These results indicate that DBD plasma-induced conformational
changes and oxidative modification might contribute to the inacti-
vation of SKTI. In summary, the results of this study indicate the
potential application of cold plasma technology in food processing
industry for reducing anti-nutritional attributes of soybean and
other legumes. However, many further investigations are still
required to reveal the impacts of cold plasma treatment on the
nutritional value and sensorial qualities of foods. In addition, the
safety of cold plasma-treated foods should be fully evaluated and
the regulatory standards should be established before the wide-
spread application of cold technique in food industry.
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