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ABSTRACT : Effects of a-chymotrypsin modification on
degree of hydrolysis (DH), solubility, emulsifying capacity
and thermal aggregation of laboratory-purified soy pro-
tein isolate (SPI) using a lipoxygenase-defected soybean
(Jinpum-kong) and commercial soy protein isolate (Supro
500E) were compared. SPIs were hydrolyzed by o-chy-
motrypsin at pH 7.8 and 37°C for 30 min. DHs of Supro
500E and Jinpum-kong SPI were increased by a-chymot-
rypsin modification, and DH of Supro S00E was higher
than that of Jinpum-kong SPL. DH of o~chymotrypsin
treated Jinpum-kong SPI was similar with untreated
Supro S00E and DH of treated Supro S00E was the high-
est. Solubility, emulsifying capacity and thermal aggrega-
tion of SPIs were increased by a-chymotrypsin modification,
and these changes were highly related to changes in DH.
Functional properties of Supro SO0E were higher than
Jinpum-kong SPI in both of untreated and a-chymot-
rypsin treated SPIs.
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oy protein is the most commercially available vegetable
S protein due to its high nutritional value and low cost.
Soy protein products have been replacing with not only nutri-
ents in food but also industrial materials (non-food products)
as renewable natural resources (Kumar et al., 2002). Soy pro-
tein related on specific functional properties in many formu-
lated food products, and the major protein fractions such as
28, 7S, 118 and 158 are classified according to their sedi-
mentation properties (Brooks & Morr, 1985). 7S and 11S
among them are 35% and 52% of total protein content,
respectively. These are storage proteins and they are found in
the protein bodies within the cells of the cotyledons (Kin-
sella, 1979). 7S and 118 fractions have been contributed to
have different effects on soy products and have been the sim-
ply reported and referred in soy protein research as Scongly-
cinin (7S) and glycinin (11S) (Brooks & Morr, 1985).
Many studies have been tried to improve the specific
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functional properties of soy protein in soy products through
physical, chemical, enzymatic and genotype selection
method. One of them, enzymatic modification is usually
performed through limited proteolysis and is an effective
way to enhance the solubility, emulsifying capacity and
foaming property of SPI through reactions of several molec-
ular parameters such as mass, conformation, flexibility, net
charge, hydrophobicity and interactions with other food
components (Richardson, 1977). In general, proteolytic enzy-
matic modification contributes to decrease molecular weight
and viscosity, to increase solubility and emulsifying capacity
and to change foaming and gelling properties compare with
native soy protein (Chobert ef al., 1988; Kim(Lee) et al.,
1990; Wu et al., 1998; Ortiz & Wagner, 2002) as well as
thermal aggregation of enzymatic modified soy protein pro-
vides improved the texture in soy products such as cheese
analog using SPI (Kim(Lee) et al., 1992). Under the opti-
mized proteolytic enzymatic modification improves the
functional properties of soy protein, while excessive hydrol-
ysis causes loss a part of the functional properties (Wu et al.,
1998). In addition, functional properties of soy protein have
different behavior and characteristics according to genotype
and the content of protein fractions within each genotype
(Khatib er al., 2002) as well as these properties are influ-
enced by preparation condition such as protein concentra-
tion, chemical and/or thermal treatments, presence of salts,
pH and so on (Wagner et al., 2000). And commercial SPI
and laboratory-purified SPI show different functional prop-
erties due to method of modification such as preparation
procedure, thermal and/or chemical treatments and drying
methods (Anon er al., 2001). Recently, soybean cultivars
that have lipoxygenase-defected genotype have been found
and applied on soy products (Kitamura, 1993; Kim et al.,
1994; Narvel et al., 2000), however, there are many of
research that report about the aroma related off-flavor, cer-
tain compounds and/or genetic characteristics in lipoxygen-
ase-defected soybean (Kobayashi, 1995; Nishiba & Suda,
1998; Son er al., 2002; Lee et al., 2005), while few studies
are about functional properties in it. Thus, further studies on
the functional properties of lipoxygenase-defected soybean
are still required.
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The object of this study was to compare the effects of o~
chymotrypsin modification on solubility, emulsifying capac-
ity and thermal aggregation in functional properties of SPI
between laboratory-purified SPI using a lipoxygenase-
defected soybean (Jinpum-kong) and commercial SPI (Supro
500E) which were used to process the cheese analogs.

MATERIALS AND METHODS
Materials

Laboratory-purified SPI was prepared using a lipoxygen-
ase-defected soybean (Jinpum-kong; L-2,3 defected geno-
type) which were grown and selected at National Institute of
Crop Science, Suwon and commercial SPI (Supro 500E)
was supplied by Purina Co., Seoul. Protease used was o-
chymotrypsin (type II. Bovine pancrease) from Sigma
Chemical Co., and all chemicals used were reagent grade.

Preparation of Jinpum-kong SPI

Jinpum-kong SPI was extracted according to modified
method of Saio & Watanabe (1973). The defatted Jinpum-
kong flour was extracted for 1.5 h at room temperature with
water adjusted to pH 8.0 with 6 N NaOH after disperse the
defatted Jinpum-kong flour (water : flour ratio, 10:1). The
mixture was centrifuged at 10,400 x g for 20 min. The
supernatant was adjusted to pH 4.5 with 6 N HCl, then cen-
trifuged at 10,400 x g for 20 min, the precipitate was
washed 2 times with water, resolubilized in water by neu-
tralization to pH 7.0 with 6 N NaOH, and then freeze-dried.

Preparation of a-chymotrypsin modified SPI

The SPIs were modified by a-chymotrypsin following the
method of Kim(Lee) et al. (1990). Each of 20% (w/v) SPI
suspensions were adjusted to pH 7.8 using 6 N NaOH, and
after adding the enzyme (2% of SPI, w/w), the suspensions
were dispersed in distilled water with a water bath using a
disperser (GTR-1000, Tokyo Rikalikai Co., Japan) at 37°C
for 30 min. After incubation with a~chymotrypsin, the sus-
pensions were heated to inactivate the enzyme at 87°C for 5
min, and then the hydrolysates were neutralized to pH 7.0,
freeze-dried, and placed —20°C until analyzed. Untreated
SPIs as a control also were prepared in the same method
except adding the enzyme.

Degree of hydrolysis (DH)

DH was measured according to modified method of
Yamashita et al. (1970). Each of 1 g a-chymotrypsin treated

SPIs were suspended in 100 mL of distilled water. One mL
aliquot of the suspension was assayed for nitrogen by the
micro-Kjeldahl method (AOAC, 1975). Ten mL aliquot of
the suspension (1% (w/v)) was mixed with 10 mL of 20%
trichloroacetic acid (TCA) and centrifuged at 12,000 x g for
15 min. The soluble nitrogen in the supernatant was assayed
by the micro-Kjeldahl method. The percent DH was
expressed as follows:
10% TCA soluble N

Degree of hydrolysis(%)= Toml N > 100
ota

SDS-PAGE

SDS-PAGE was carried out according to method of Bol-
lag & Edelstein (1991). The samples were loaded in 7.5%
acrylamide gel and stained in 0.25% Coomassie brilliant
blue R-250 overnight. The standard markers used were
phosphorylase b (from rabbit muscle 97,400 daltons),
bovine serum albumin (66,200 daltons), ovalbumin (45,000
daltons), carbonicanhydrase (from bovine erythrocytes,
31,000 daltons), trypsin inhibitor (21,500 daltons) and
lysozyme (14,400 daltons).

Nitrogen solubility

Nitrogen solubility was estimated by modified method of
Kim(Lee) et al. (1990). SPIs (0.5 g) were dissolved in 30
mL of 0.1 N NaOH (1.6% (w/v)), and each of 6.0 mL ali-
quots were adjusted to pH 12 with 1 N NaOH, then were
centrifuged at 4000 x g for 20 min. The protein in the super-
natant was measured by the biuret method, and assumed to
have 100% nitrogen solubility. Hydrolysates (0.5 g) were
also dissolved in 30 mL of 0.1 N NaOH (1.6% (w/v)), and
each of 6.0 mL aliquots were adjusted to pH 7 with 1 N
NaOH, then were centrifuged at 4000 x g for 20 min after
stirring at 25°C for 1 h, the supernatant was measured by the
biuret method. The percent solubility of enzyme-modified
SPIs were obtained as following:

Absorbance at the pH 7.0 solution

Nitrogen solubility(%o)= X 100
¢ Oy Absorbance at the pH solution

Emulsifying capacity

Emulsifying capacity was estimated by slightly modified
method of Kim(Lee) et al. (1990). The soybean oil (1 L)
was colored with 0.1 g of Oil-Red-O (CysH»4N40) biologi-
cal stain and the colored oil (20 mL) was added to a 1% sus-
pension of SPIs and enzyme-treated SPIs (25 mL, pH 7.0).
And dispersed at low speed using a disperser (GTR-1000,
Tokyo Rikalikai Co., Japan) for 1 min, then the speed was
increased to high speed. After 30 sec, more oil was added at
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arate about 10 mL/min. The volume (mL) of oil consumed
until the inversion of the initially formed emulsion, which
was accompanied by sudden changes in oil color and viscos-
ity was recorded and expressed as an emulsion capacity.

Thermal aggregation

Thermal aggregation was determined by method of Kram-
mer & Kwee (1977). After SPIs and enzyme treated SPIs (1
g) were added in 50 mL of distilled water (2% (w/v)), they
were agitated using a magnetic stirrer for 15 min. Each of 1.0
mL aliquot were assayed for protein content through measur-
ing the absorbance at 540 nm using the spectrophotometer
(Spectronic 1001 plus, Milton Roy, USA) after mixed with 4
mL of biuret solution and placed at room temperature for 30
min (A). And the each of 10 mL suspensions of SPIs and
enzyme treated SPIs were placed in cap tubes and heated in a
boiling water bath for 20 min, then centrifuged at 2,000 x g
for 20 min after cooling to 20°C. The protein content of the
supernatant (1 mL) was assayed same as above (B). The per-
cent thermal aggregation was obtained by the difference in
the protein content of the supernatant caused by heating:

Thermal aggregation (%) =

Absorbance before heating (A) —
Absorbance after heating (B)

Absorbance before heating (A)

< 100

Statistical analysis

All experiments were carried out in triplicate and the data

were analyzed using SAS program. The data were reported
as a mean value = SEM and also subjected to ANOVA and
significant differences were reported at the level of p < 0.05.

RESULTS AND DISCUSSION
Changes in DH and SDS-PAGE

DH of Supro 500E was higher than that of Jinpum-kong
SPI, especially, untreated Supro 500E (13.5%) was over
threefold higher than untreated Jinpum-kong SPI (4.1%) (p
< 0.01). DH of treated Jinpum-kong SPI (15.4%) was simi-
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Fig. 1. Changes in DH of SPIs by a-chymotrypsin modification.
Values are mean + SEM and different letter is significantly
different at the level of p < 0.01.
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Fig. 2. SDS-gel electrophoretic patterns of reference protein, untreated and a-chymotrypsin treated soy protein isolates. R: Reference protein;
phosphorylase b (from rabbit muscle 97,400 daltons), bovine serum albumin (66,200 daltons), ovalbumin (45,000 daltons), carbonic
anhydrase (from bovine erythrocytes, 31,000daltons), trypsin inhibitor (21,500 daltons) and lysozame (14,400 daltons). A : Supro
S00E, B : a-Chymotrypsin treated Supro S500E, C : Jinpum-kong SPI D : a~Chymotrypsin treated Jinpum-kong SPI
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lar with untreated Supro S00E’s (13.5%) and DH of treated
Supro S00E (34.0%) was the highest. a-Chymotrypsin
modification under the optimized condition increased DHs
of Jinpum-kong SPI (about fourfold) and Supro SO0E (over
twofold) (p < 0.01) (Fig. 1). High DH of untreated Supro
500E could be supposed that it was already hydrolyzed in
manufacturing process of SPI. Kim(Lee) et al. (1990) have
reported that DHs of untreated commercial SPIs, Ardex F
and Supro 710 were 1.35% and 9.44%, after o-chymot-
rypsin modification at 40°C for 30 min, it were 16.75% and
23.75%, respectively, and the effect of enzyme modification
on SPI depended on type of enzymes and SPI used. DH of
Supro 710 was similar with the present result of Supro
500E. Qi et al. (1997) have also reported that DHs of SPIs
were increased by pancreatin modification and varied.

In compared the fractions of 7S and 11S in SDS-PAGE
patterns of SPIs, lipoxygenase bands in Jinpum-kong SPI
did not show, and after a~chymotrypsin modification, most
of 78 fractions were hydrolyzed, while 118 fractions were
not hydrolyzed in both of SPIs (Fig. 2). This result indicates
that 11S could affect to thermal aggregation related textural
properties of cheese analogs. As mentioned above, untreated
Supro 500E (Line A in Fig. 2) could be supposed that it was
already hydrolyzed in manufacturing process of SPIL. In gen-
eral, the hydration and viscosity properties of SPIs are
strongly determined by the amount and properties of the
insoluble fraction (Anon e al., 2001), and gelation capacity
of SP1 is closely related to the relative amounts of the 7S and
11S proteins as well (Arrese et al., 1991).

Changes in solubility

Solubility of Supro SO0E was higher than that of Jinpum-
kong SPI, and a-chymotrypsin modification increased solu-
bility of Jinpum-kong SPI and Supro S00E (p < 0.01) (Fig.
3A). Papain-modified soy protein also showed higher solu-
bility and water hydration capacity than unmodified soy pro-
tein (Were et al., 1997) as well as bromelain modification
increased solubility of SPI (Ortiz & Wagner, 2002). How-
ever, these effects of enzymatic modification are highly
affected by pH level (Kim(Lee) et al., 1990; Ortiz & Wag-
ner, 2002). A limited proteolysis increases a negative sur-
face charge of protein and thereby increases solubility and
improves emulsifying capacity and stability (Campbell et
al., 1996), and solubility of SPI is generally related to DH
value of SPI (Kinsella ef al., 1979). Supro S00E which has
higher DH showed higher solubility. Degree of solubility in
processing of soy products is very important because higher
solubility is associated with better functional properties. Sol-
ubility of SPI is particularly important functional property in
soy food system and it is strongly correlated to emulsifying
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Fig. 3. Changes in solubility (A), emulsifying capacity (B) and
thermal aggregation (C) of Jinpum-kong SPI and Supro
500E by a-chymotrypsin modification. Values are mean +
SEM and different letter is significantly different at the
level of p <0.01.

capacity (Kinsella et al., 1985).

On the other hand, solubility of SPI depends on cultivar of
soybean, solubility of 7S and 118 fractions are significantly
different among genotypes and the content of protein frac-
tions within each genotype exhibited different degree of sol-
ubility (Khatib ef al., 2002) as well as solubility of SPI is
influenced by preparation condition such as protein concen-
tration, chemical and thermal treatments, presence of salts,
pH and so on (Wagner ef al., 2000). In this study also, solu-
bility of laboratory-purified Jinpum-kong SPI from lipoxy-
genase-defected soybean and commercial Supro S00E were
different (» <0.01).

Changes in emulsifying capacity

Emulsifying capacity of Supro 500E was higher than that
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of Jinpum-kong SPI, and Jinpum-kong SPI and Supro 500E
were increased by a-chymotrypsin modification, particu-
larly, Jinpum-kong SPI was about twice increased (p < 0.01)
(Fig. 3B). Emulsifying capacity of SPI is mainly related to
DH and solubility of SPI (Kinsella et al., 1979; Qi et al.,
1997). Papain-modified soy protein showed higher solubil-
ity and emulsifying properties than unmodified soy protein
(Were et al., 1997). In present study, Supro 500E that has
higher solubility than Jinpum-kong SPI showed higher
emulsifying capacity than Jinpum-kong SPIL. In original,
Supro 500E which is used in process of shellfish analogs
have a high emulsifying capacity (Mueller, 1992).

Kim(Lee) er al. (1990) have reported that emulsifying
capacity of SPI was increased by modification of enzymes
except rennet treatment, and trypsin or alcalase more effec-
tively increased than a~chymotrypsin and liquozyme. Emul-
sifying capacity of SPI is mainly determined by surface
hydrophobicity and solubility, while the molecular flexibil-
ity of the protein is important for emulsion stability (Nakai,
1983). And emulsifying capacity and stability of SPI are dif-
ferently shown according to major fraction of soy protein,
7S was higher and steadier than 11S fraction in pH 2 up to
pH 10 (Aoki et al., 1980).

Changes in thermal aggregation

Thermal aggregation of Supro S00E was higher than that
of Jinpum-kong SPI (p <0.01), and a-chymotrypsin modifi-
cation increased level of thermal aggregation of Jinpum-
kong SPI and Supro SO0E (p < 0.01), particularly, Jinpum-
kong SPI was about twice increased (Fig. 3C). The DH, sol-
ubility, emulsifying capacity and thermal aggregation of Jin-
pum-kong SPI were lower than Supro S00E’s, whereas it
were more effectively enhanced by enzyme modification.
Thermal aggregation of SPI needs to interact between cer-
tain peptide fractions, and proteolytic enzyme increases
thermal aggregation by breaking down the protein, while the
insoluble peptide fractions have no gelation ability (Garcia
et al., 1990). Thermal aggregation is required in products
containing SPI such as sausage and cheese analogs because
thermal aggregation is necessary for structure and emulsion
stability (German ef al., 1982). Thermal aggregation enhanced
by enzyme modification contributes to improve the textural
properties of cheese analog (Kim(Lee) ef al., 1992).

In general, denaturation of SPI is explained by a two-state
cooperative transition confined to a narrow temperature
range. Oligimeric proteins exhibit additional complexities
due to the release of several protomers previously associ-
ated. This produces two essentially independent thermal
events: first, disruption of the oligomeric structure that itself
can result in aggregations, and second, denaturation of the

actual monomers initiating further rearrangements and/or
aggregations (German et al., 1982). In addition, denatur-
ation is usually accompanied by a decrease of solubility,
which results from aggregation of the unfolded molecules,
and by changes in certain functional properties such as gela-
tion, foaming and emulsification (Petruccelli & Anon,
1995). Thermal aggregation is increased by SPI concentra-
tion and stabilized by SS bonds (Petruccelli & Anon, 1995),
moreover, thermal aggregation of SPI according to heating
temperature has different behavior between main fraction of
proteins. 7S and 11S are totally denatured at 100°C, while
78S is totally denatured but 118 is not denatured at 80°C (Sor-
gentini et al., 1995).

CONCLUSION

The functional properties of soy protein can be modified
by limited enzyme hydrolysis. In accordance with DH of
SPI, solubility, emulsifying capacity and thermal aggrega-
tion of laboratory-purified SPI from lipoxygenase-defected
soybean (Jinpum-kong SPI) and commercial SPI (Supro
500E) were considerably increased. Commercial Supro
S00E’s were higher than laboratory-purified Jinpum-kong
SPI’s. a-Chymotrypsin modification enhanced solubility,
emulsifying capacity and thermal aggregation of Jinpum-
kong SPI, while in Supro 500E, emulsifying capacity and
thermal aggregation were enhanced but solubility did not
showed remarkable difference. These results indicate that
solubility, emulsifying capacity and thermal aggregation in
functional properties of SPI are different between SPIs, and
effect of a~chymotrypsin modification on SPI is different as
well. Nature of soybean is important in terms of quality of
soy products and food processing, moreover, enzyme modi-
fied SPI could be available to obtain improved textural prop-
erties in process of cheese analogs containing SPI.
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