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Inhibition of Modori-Associated Proteinases by
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ABSTRACT: The modori phenomenon from several fish species has been associated with endogenous proteinolytic
enzymes. We evaluated the presence of modori-associated proteinases in Mexican flounder and Atlantic croaker,
and the decrease of the modori effect by inhibition of the responsible enzymes with serine-proteinase inhibitors
from legume seeds. The presence of modori was evaluated by changes in shear stress and shear strain at failure in
surimi gels incubated for 30 min at 60 °C. Modori was associated with proteolytic degradation of myosin by SDS-
PAGE analysis. Crude extracts from kidney bean, pea, chickpea, lentil, and soybean inhibited proteolytic activities
of both fish to different extents.
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Introduction

MODORI IS A TERM USED TO DESCRIBE THE HEAT-ASSO-
ciated gel degradation when surimi paste is incubated at

temperatures close to 60 °C. Modori causes an irreversible de-
struction of the gel structure of surimi. The result is a decrease in
the gel strength, giving brittle, nonelastic gels (Alvarez and oth-
ers 1999). The most accepted explanation for modori is the pres-
ence and activity of endogenous proteolytic enzymes in the fish
muscle (Niwa 1992; An and others 1996). Alternate hypotheses
proposed have been that heat affects protein-protein interac-
tions (coagulation), and the involvement of specific nonenzy-
matic proteins (Niwa 1992; Alvarez and others 1999).

Muscle proteinases are found in the soluble sarcoplasmic
component of muscle tissue, in association with cellular or-
ganelles, connective tissues and myofibrils, and in the interfiber
space. Concentration, and the physicochemical and catalytic
properties of muscle proteinases are influenced by many factors,
both intrinsic and extrinsic: age, diet, exercise, habitat tempera-
ture, water depth, and other developmental and environmental
factors (Ashie and Simpson 1997). According to their optimum
pH of activity, muscle endogenous proteinases are generally
classified as acid, neutral, and alkaline proteinases. The neutral
and alkaline muscle proteinases are responsible for early post-
mortem changes, having undesirable effects on rheological
properties of fish muscle proteins intended for surimi production
(Kolodziejska and Sikorski 1996). Proteinases are classified by
the International Union of Biochemistry and the Enzyme Com-
mission (EC), according to their mechanism of peptide bond hy-
drolysis, into serine-, cysteine-, aspartic-, and metalloproteinas-
es. Serine proteinases (EC 3.4.21.x) have a serine residue in the
active center, as well as histidine and aspartic residues (García-
Carreño 1992).

Heat-stable alkaline proteinases have often been reported as
responsible for the texture deterioration of surimi gels. This phe-
nomenon is called modori. Most of the proteinases associated
with modori are cathepsin-cysteine proteinases (Hase and oth-
ers 1980; Wasson and others 1992; An and others 1996). However,
the presence of myofibril-bound serine proteinases has been re-
ported for anchovy Engraulis japonica (Ishida and others 1995),
carp Cyprinus carpio (Osatomi and others 1997; Cao and others

1999), lizard fish Saurida wanieso (Cao and others 2000a), and
white croaker Argyrosmus argentatus (Cao and others 2000b), as
well as in mouse skeletal muscle (Fukusen and Aoki 1996; Sang-
orrin and others 2000). Sangorrin and others (2000) suggested
that myofibril-bound serine proteases might be involved in the
mechanism of continual degradation and resynthesis of myo-
fibrillar proteins. Recently, it has been found that serine protein-
ases can also be associated with modori (Toyohara and others
1990; Ramos-Martínez and others 1999; Yongsawatdigul and oth-
ers 2000). Both classes, cystein- and serin-proteases have been
identified in fish skeletal muscle of white croaker (Micropogon
opercularis; Busconi and others 1984; Folco and others 1984), and
in surimi from Atlantic croaker (Micropogon undulatus), barred
grunt (Conodon nobilis), sole or Mexican flounder (Cyclopsetta
chittendeni), Northern kingfish, (Menticirrhus saxatilis) and striped
searobin (Prionotus evolans; Ramos-Martínez and others 1999).

Legume seeds contain protease inhibitors that are specific for
serine-proteinases; they are classified into 2 families: Kunitz,
specific for trypsin-like proteinases and having a molecular
weight of 21000; and Bowman-Birk, specific for chymotrypsin-
like proteinases and having a molecular weight of 8300 (Macedo
and Xavier-Filho 1992; Whitaker 1996). García-Carreño and oth-
ers (1996) proposed the use of legume seed extracts to reduce
the proteinolytic activity of serine- and cysteine-proteinases in
fish flesh. Sánchez and others (1998) caused the inhibition of the
activity in vitro of proteinases present in surimi from Mexican
flounder (Cyclopsetta chittendeni) and Atlantic croaker (Micro-
pogon undulatus) by using legume seed extracts. Our objective
was to evaluate the decrease of modori from Mexican flounder
and Atlantic croaker surimi by proteinase inhibitors from legume
seed extracts. SDS-PAGE analysis was used to follow changes in
the electrophoretic patterns of myofibrillar proteins.

Material and Methods

Frozen surimi
Atlantic croaker (Micropogon undulatus) and Mexican floun-

der (Cyclopsetta chittendeni) were obtained as shrimp by-catch
along the shoreline of Tamaulipas, Gulf of Mexico. The fish
weighed an average of 150 g and the length was about 15 cm.
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FIGURE 1. SDS-polyacrylamide gel electrophoresis of surimi
from Mexican flounder and Atlantic croaker incubated at
60 °C. Lanes: (1) molecular weight marker; (2 and 3) con-
trols not incubated; (4) control incubated at 90 °C for 15
min; (5) 60 °C  for 15 min; (6) 60 °C for 1 h; (7) 60 °C for 3 h.

Fish were washed immediately after catching and kept on ice un-
til processing. Fish were processed into surimi about 12 h after
being caught. Fish were beheaded, gutted, and washed. Skin
and bones were removed with a Bibun deboning machine (Mod-
el NF2DX; Fujivama, Japan) with a 5 mm dia perforations drum.
The mince was washed in wash tanks using water at < 10 °C and a
meat:water ratio of 1:3 (w/v). Washings were followed by manual
dewatering using cheesecloth as the filtering material. Surimi
was mixed with 8% sucrose as cryoprotectant, using a Hobart
(Model VCM; Troy, Ohio, U.S.A.) mixer. Surimi was packed into
polyethylene bags (2 kg), frozen within 5 h at – 30 °C in a Crepaco
plate freezer (Model B-5854-AM12; Crepaco, Inc., Chicago, Ill.,
U.S.A.) and stored at – 20 °C until needed.

Surimi gel preparation
Samples of 500 g surimi were partially thawed at room tem-

perature, cut into small pieces, and chopped in a 5-qt-capacity
Hobart cutter (Model 84145; Troy, Ohio, U.S.A.) for 3 min with
2.5% NaCl. The final chopping temperature was maintained be-
low 15 °C. The paste was stuffed into stainless steel tubes (dia =
1.87 cm; length = 17.75 cm) that have been sprayed with regular
commercial vegetable oil to prevent sticking. Tubes were capped
before the thermal treatments; 40 °C for 30 min, 60 °C for 30 min,
and 90 °C for 15 min. After cooking, tubes were immediately re-
moved, placed in a cold-water bath and cooled for 30 min at 4 to
5 °C. All gels were removed from the tubes and stored overnight
at 4 °C in polystyrene bags prior to testing.

Torsion test
Gels were kept at room temperature prior to the torsion test.

Gels were cut into 3.0 cm lengths and milled into an hourglass
shape with a minimum dia of 1 cm at the center. Each gel was
placed in a modified torsion apparatus (Brookfield digital vis-
cometer Model 5XHBTD; Brookfield Engineering Laboratories,
Inc., Stoughton, Mass., U.S.A.). The texture of each gel was then
measured by twisting the sample at 2.5 rpm until structural fail-
ure occurred. Shear stress and true shear strain at failure were
calculated as described by Hamann and others (1990). Six repli-
cates were obtained for each thermal treatment.

Seed extracts
Seeds extracts were obtained from the commercial legumes

kidney bean (Phaseolus vulgaris), pea (Lahtyrus sativus), chick-
pea (Cicer arietinum), lentil (Lens culinaris), and soybean (Glycine
max) according to García-Carreño and others (1996). The seeds
were ground in an electric mill (Model CGP-134 M; Koblenz S.A.,
México, D.F.). The powder was treated with 3 volumes of 50 mM
phosphate buffer (NaH2PO4), pH 7, by shaking for 120 min at
room temperature, then for 22 h at 4 °C. The water extracts were

clarified by using a 2-step centrifugation, for 10 min at 2500 x g
and for 30 min at 5000 x g, both at 5 °C. The clear extracts were
stored for 16 to 20 h at 4 °C. Protein concentration was evaluated
using the Lowry technique (Yongsawatdigul and others 2000).

Evaluation of proteolysis in surimi

Statistical analysis
Statistical analysis of data was carried out by using one-way

analysis of variance. Differences among mean values were es-
tablished using the least significant difference (LSD) multiple
range test. Differences between means were considered signifi-
cant when p < 0.05.

Results and Discussion

SURIMI GELS FROM ATLANTIC CROAKER INCUBATED FOR 30 MIN AT

40 °C showed an increase in shear stress, but not in shear
strain (Table 1). This phenomenon is called setting and has been
associated with the presence of an endogenous calcium-depen-
dent TGase (Lee and Park 1998; Ramírez and others 2000). Mexi-
can flounder did not show the setting phenomenon. This behav-
ior could be associated with a low level of calcium caused by the
washing-dewatering steps during surimi production. In compari-
son, incubation of the surimi from both fish species for 30 min at
60 °C decreased the shear stress and shear strain (Table 1). This
phenomenon is called modori and has been reported in other
fish species and yields a reduction in mechanical properties of
the surimi gel (Saeki and others 1995; Hamann and others 1990).
The loss of mechanical properties during incubation at 50 to 70
°C has been associated with the presence and activation, by tem-

*Mean values of 2 experiments with 6 replicates. Value in parenthesis
indicates Standard deviation (SD).

Table 1—Effect of thermal treatment on shear stress and
shear strain of surimi gels from Mexican flounder and At-
lantic croaker.

Mexican flounder Atlantic croaker
Thermal Shear stress Shear stress Shear stress Shear stress
treatment  (kPa) (Dimensionless) (kPa) (Dimensionless)
90°C–15 min 57.67 (6.74)a 1.498 (0.055)a 76.88 (10.27)a 77.05 (11.91)a

(control)
40°C-30 min + 80.83 (7.63)b 1.642 (0.031)b 77.05 (11.91)a 1.028 (0.019)a

90°C–15 min
60°C-30 min + 28.20 (6.74)c 1.098 (0.066)c 56.02 (7.36) b 0.899 (0.042)b

90°C–15 min

Inhibition of modori-associated proteinases . . .
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Table 2—Protein content of legume seed crude extracts.

Legume Protein (mg/mL)*

Kidney bean 10.1 (0.23)
Pea 6.0 (0.14)
Chickpea 4.3 (0.07)
Lentil 3.5 (0.09)
Soybean 11.6 (0.34)

*Mean values of 2 experiments with 3 replicates. Value in parenthesis
indicates Standard deviation (SD).

FIGURE 2. SDS-polyacrylamide of legume seed crude ex-
tracts for protein composition (control) and identification
of protease inhibitors for trypsin, alpha-chymotrypsin and
papain. Lanes: (1) molecular weight marker (MW); (2) kid-
ney bean; (3) pea; (4) chickpea; (5) lentil and (6) soybean

serine-protease is present in muscle tissue and remains in the
surimi paste after the washing-dewatering steps, thus contribut-
ing extensively to degradation of surimi gels during thermal
treatments around 50 to 70 °C. The importance of serine-pro-
teases on surimi gel degradation during incubation at 60 °C
needs to be studied more extensively.

Legume seeds contain protease inhibitors that are specific for
serine-proteinases. In this work, several commercial legume seeds
were studied to evaluate the presence of serine-proteinase inhibi-
tors. The legume seed extracts assayed contained different con-
centrations of protein (Table 2) and their electrophoretic patterns
by SDS-PAGE were similar (Figure 2, control). All legume extracts
showed proteinase inhibitors for trypsin (Figure 2, trypsin) with
molecular weight of about 21000, and for chymotrypsin (Figure 2,
ß-chymotrypsin) with molecular weight < 18000. No cysteine-pro-
teinase inhibitor was detected in the legume seed extracts from
pea, chickpea, lentil, and soybean (Figure 2; papain). The crude
extract of kidney bean contained an abundant protein with a mo-
lecular weight of 66000 (Figure 2). This protein was resistant to
proteolytic degradation by the 3 proteinases studied. García-Car-
reño and others (1996) found, in palo blanco seed (Lysiloma candi-
da), a protein with similar molecular weight and resistant to pro-
teolytic degradation by chymotrypsin and papain.

Incubating surimi paste at 60 °C induced changes seen on the
electrophoretic patterns of surimi proteins from all fish species. A
decrease in intensity of the myosin band (Figure 3; Lanes 2 to 4)
was observed for both fish species. The myosin band was almost
totally eliminated after 3 h in both fish species. Seed extracts dif-

perature, of muscle proteinases, mainly cathepsins (An and oth-
ers 1996). In our work, the incubation of surimi gels at 60 °C
caused a reduction of the molecular weight of myosin in surimi,
as shown by electrophoretic patterns (Figure 1). When Mexican
flounder was incubated for 3 h at 60 °C, the myosin band disap-
peared. In Atlantic croaker, after 3 h at 60 °C, the myosin band
was reduced dramatically. In both fish species, the band corre-
sponding to actin showed negligible changes when compared to
the myosin band. Loss of protein bands in SDS-PAGE is indica-
tive of proteolytic activity (Yongsawatdigul and others 2000).
This result confirmed the presence of modori in both fish spe-
cies, Mexican flounder and Atlantic croaker, and that it is associ-
ated with proteolytic degradation of myosin.

Although most of the proteinases associated with modori are
cathepsin-cysteine proteinases (Hase and others 1980; Wasson
and others 1992; An and others 1996), the presence of myofibril-
bound serine-proteinases has been reported in several fish spe-
cies (Ishida and others 1995; Kotodziejska and Sikorski 1996; Os-
atomi and others 1997; Cao and others 1999, 2000a, 2000b) and
to be associated with modori (Yongsawatdigul and others 2000).
In a previous report (Ramos-Martínez and others 1999), we
found that myosin proteolysis of surimi from Atlantic croaker,
Mexican flounder, and 3 other fish species from the Gulf of Mexi-
co could be partially inhibited employing cystein-protease-spe-
cific inhibitors (PHMB, E-64, and cistatin) and serine-protease-
specific inhibitors (PMSF, TLCK, and TPCK), showing that

FIGURE 3. SDS-polyacrylamide of surimi from Mexican
flounder and Atlantic croaker added with legume seed
crude extracts. Lanes: (1) molecular weight marker; (2)
controls not incubated; (3) 60 °C for 15 min; (4) 60 °C for 3
h; (5-9) 60 °C for 3 h with kidney bean, pea, chickpea, len-
til, and soybean.

Inhibition of modori-associated proteinases . . .
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ferentially inhibited the proteolytic activity in surimi gels ob-
tained from Mexican flounder and Atlantic croaker (Figure 3;
Lanes 5 to 9) and helped reduce the hydrolysis of myosin and ac-
tin. These results showed that using crude extracts of legume
seeds partially inhibited myosin degradation, suggesting that
modori is associated with an endogenous serine proteinase in
fish muscle.

Conclusion

THIS STUDY SHOWS THE POTENTIAL OF USING PLANT INHIBITORS TO

reduce degradation of the gel formed by the fibrous protein
of fish muscle to increase the quality of surimi produced, and the
potential of fish from the Gulf of Mexico to be used for surimi pro-
duction. More studies about characteristics of serine proteases as
well the importance of such enzymes in intrinsic muscle meta-
bolic reactions are needed. Purification and characterization of
protease inhibitors present in legume seed extracts are needed,
as well as affinity, thermal stability and others biochemical and
physicochemical properties of such protease inhibitors.
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