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Gel strength enhancement of Pacific whiting surimi was studied by using an R2-macroglobulin (R2-
M)-enriched plasma fraction (FIV-1) and a transglutaminase (TG)-enriched plasma fraction (FI-S).
Fluorescent amine-incorporating activity was detected in FIV-1, FI-S, and bovine plasma protein
(BPP), indicating potential protein cross-linking activity by R2-M and TG. Inhibition of autolytic
activity was observed with FIV-1 and BPP. FIV-1 in combination with bovine serum albumin,
fibrinogen, or FI-S enhanced gelation more than FIV-1 alone. These results indicate various
components in BPP function both to enhance gelation of Pacific whiting surimi and to inhibit
proteolysis.
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INTRODUCTION

The soft texture of Pacific whiting (Merluccius pro-
ductus) is associated with high levels of endogenous
protease activity (Konagaya and Aoki, 1981; Miller and
Spinelli, 1982; Patashnik et al., 1982; Tsuyuki et al.,
1982). Proteolysis in surimi was shown to be caused
by the lysosomal cysteine proteinase, cathepsin L (An
et al., 1996; Masaki et al., 1993; Seymour et al., 1994).
In surimi production, proteolysis of myosin will lead to
loss of gel strength unless controlled by additives such
as dried bovine plasma protein (BPP), dried egg white,
whey protein concentrate, or potato flour (Akazawa et
al., 1993; Morrissey et al., 1993).
Among the additives, BPP is the most effective gel

enhancer and protease inhibitor (Akazawa et al., 1993;
Morrissey et al., 1993). BPP was also superior to other
additives in suwari (low-temperature setting) gels (Aka-
zawa et al., 1993). Mammalian blood plasma contains
cysteine protease inhibitors, including R2-macroglobulin
(R2-M) (Harpel and Brower, 1983) and kininogens (Kato
et al., 1981; Turpeinen et al., 1981). R2-M fractions
increased gel strength in arrowtooth flounder (Wasson
et al., 1992) and hoki surimi (Lorier and Aitken, 1991).
The main mechanism of BPP in controlling modori is

believed to be protease inhibition by components of the
protein additives. Weerasinghe et al. (1995) found BPP
to have a higher percentage of papain (a cysteine
proteinase) inhibitors followed by whey protein concen-
trate, potato powder, and egg white. Egg white was
found to have a higher concentration of trypsin (i.e.,
serine proteinase) inhibitors followed by BPP, potato
powder, and whey protein concentrate. BPP is very
effective in decreasing autolytic activity in Pacific whit-
ing and arrowtooth flounder surimi (Weerasinghe, 1995;
Morrissey et al., 1993; Reppond and Babbitt, 1993), and
it has been proposed that inhibition of protease by
inhibitors found in plasma, mainly R2-M, is the primary
mechanism of gel strength enhancement (Hamann et
al., 1990). Although protease inhibitors possibly con-
stitute a large part of gel enhancement, the components
responsible for the effectiveness of BPP in gel strength
enhancement of surimi have yet to be identified.

The ε-(γ-glutamyl)lysine cross-linking of proteins can
occur by two different mechanisms in biological systems
(Lorand, 1983). Transglutaminase (TG), an enzyme
present in both fish muscle and bovine plasma, catalyzes
the Ca2+-dependent formation of ε-(γ-glutamyl)lysine
cross-links. It is well-known that ε-(γ-glutamyl)lysine
cross-linking of proteins contributes to gel strength
enhancement in surimi (Kimura et al., 1991; Numakura
et al., 1985; Seki et al., 1990). Use of TG from various
sources has been proposed for enhancing gelation of
minced fish (Jiang et al., 1992) and surimi (Sakamoto
et al., 1995). ε-(γ-Glutamyl)lysine cross-links are re-
sistant to protease hydrolysis (Lorand, 1983) and could
inhibit breakdown of myofibrillar proteins indirectly.
Another mechanism for ε-(γ-glutamyl)lysine formation
involves the direct nucleophilic attack of the ε-lysine
amine of a protein on the active site of R2-M (Lorand,
1983). It is not known if the latter mechanism contrib-
utes to gel strength enhancement of surimi by BPP.
The objectives of this work were to understand the

function of active components in the gel-enhancing effect
of BPP on Pacific whiting surimi gels. Bovine plasma
fractions enriched in R2-M, TG, bovine serum albumin
(BSA), and fibrinogen were evaluated for protease
inhibition, potential protein cross-linking activity, and
gel strengthening of Pacific whiting surimi to gain
insight into the mechanism of gel enhancement by
bovine plasma.

MATERIALS AND METHODS

Materials. Monodansylcadaverine (MDC), N,N-dimethyl-
ated casein, FIV-1 (bovine globulin fraction IV-1), trizma base,
â-mercaptoethanol (â-ME), calcium chloride (anhydrous), dithio-
threitol (DTT), ethylene glycol monoethyl ether (Cellosolve),
ethylene glycol bis(â-aminoethyl ether N,N,N′,N′-tetraacetic
acid (EGTA), 4-20% SDS-PAGE gradient gels, high molec-
ular weight standards (MW-SDS-200 Kit), L-tyrosine, BSA (A-
7638, globulin-free), fibrinogen (bovine, type I-S), and L-trans-
epoxysuccinylleucylamido(4-guanidino)butane (E-64) were
purchased from Sigma Chemical Co. (St. Louis, MO). Corning
24-well cell culture plates were purchased from VWR (Seattle,
WA). BPP was obtained from AMPC, Inc. (Ames, IA).
Surimi Samples. Pacific whiting surimi was obtained from

Point Adams Packing Co. (Hammond, OR). To the surimi were
added 4% sucrose, 4% sorbitol (ICI Specialties, New Castle,
DE), and 0.3% Brifisol S-1, a polyphosphate mixture (B. K.
Ladenburg, Corp., Cresskill, NJ), and the surimi were frozen
at -20 °C. Storage time of surimi did not exceed 6 months
before use.
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Surimi Gel Preparation for Gel Strength Measure-
ment. Surimi gel strength was measured according to the
method of Sakamoto et al. (1994) with some modifications.
Surimi was partially thawed under cold running water and
chopped into small pieces. The pieces were put into a porcelain
mortar with a 750 mL capacity. Surimi paste was prepared
with 2% NaCl and either 0.13% CaCl2 or 0.2% EGTA, and the
moisture was adjusted to 78% with cold water (4 °C). Bovine
plasma fractions were added last. Mixing was carried out with
a mortar and pestle for 7 min if the total volume was 30-60
g or for 10 min if the total volume was 90-150 g. After mixing,
surimi was vacuum sealed into an 8 in. × 10 in. plastic bag
with a Reiser vacuum packer (Reiser Co., Canton, MA). A
corner of the bag was cut, and surimi was squeezed into a 60
mL syringe with a 1.5 cm diameter hole cut in the tip. The
syringe was then used to fill 24-well cell culture plates (3.4
mL/well) with surimi paste. Both the wells and the lids were
sprayed with Pam cooking spray (Boyle-Midway, Inc., New
York, NY). Plates were placed in a plastic bag and heated at
90 °C. After cooking, the samples were placed in an ice-water
bath for 15 min. Before gel strength was measured, samples
were held at room temperature (∼22 °C) for 90 min.
Gel Strength Measurement by Punch Test. Breaking

strength (grams) and deformation (centimeters) were mea-
sured by the punch test using a Sintech (MTS Sintech, Inc.,
Research Triangle Park, NC) equipped with a 5 mm spherical
end plunger. The plunger was placed over the center of the
cell plate wells, and the sample was compressed at a crosshead
speed of 2 cm/min. Gel strength was determined by multiply-
ing the breaking strength (grams) and deformation (centime-
ters) (Lanier, 1992). Samples with both a breaking strength
under 100 g and a deformation above 1.0 cm were considered
as having no detectable break point.
Preparation of FI-S. Whole bovine blood collected at

slaughter was mixed with 3.8% trisodium citrate dihydrate
(1 part to 9 parts blood by volume) to inhibit coagulation.
Plasma was pipetted off after centrifugation at 2500 rpm
(700g) for 20 min and then recentrifuged at 2500 rpm for 10
min. Plasma was chilled to 0 °C, and cold ethanol (0 °C) was
added to bring the final ethanol concentration up to 10%. After
stirring for 30-60 min, the solution was centrifuged at 2500g
for 10 min, and the pellet was collected. The pellet was
resuspended in 50 mM Tris with 0.1 M NaCl, pH 7.0. The
resuspended pellet was heated at 56 °C for 4 min, followed by
another centrifugation step (2500g for 10 min). The resulting
supernatant (FI-S) was enriched in TG activity.
MDC-Incorporating Assays. Incorporation of the fluo-

rescent amine, MDC, was used to determine potential protein
cross-linking activity by R2-M and TG in BPP and FIV-1. An
increase in fluorescence emission is observed when MDC is
incorporated into a protein substrate at a reactive glutamine
residue (Lorand, 1983). Fluorescence intensity readings were
taken with a spectrophotofluorometer (Aminco-Bowman, Silver
Spring, MD) set at 350 nm excitation and 480 nm emission.
Units of activity were calculated according to the method of
Takagi et al. (1986). An enhancement factor (EF) of 13.7 was
experimentally determined also according to the method of
Takagi et al. (1986). A unit of MDC-incorporating activity was
defined as nanomoles of MDC incorporated per minute.
MDC-incorporating activity of R2-M was measured by adding

MDC (50 nmol) to samples of either FIV-1 (7.5-20 mg) or BPP
(75-200 mg) diluted in 50 mM Tris-HCl, pH 7.5, buffer in a
cuvette to a final volume of 1.5 mL. In the absence of
thrombin, TG was not active. Reactions were maintained at
25 °C, and measurements were recorded initially (I0) and at
subsequent intervals of 1-2 min. Results were plotted, and
the rate of change in fluorescence intensity (∆If) was deter-
mined from the slope.
For TG activity measurements of liquid plasma (LP), BPP,

and FIV-1, the procedure developed by Lorand et al. (1971)
was used with modifications. Pretreatment of LP was the
same as that of Lorand et al. (1971) and consisted of heating
150 µL of plasma with an equal volume of 20% Cellosolve
at 56 °C for 4 min. LP, BPP (20 mg), FI-S (0.5-1 mg), and
FIV-1 (22.5 mg) were activated with 100 µL of thrombin (250
units/mL), with 37.5 µL each of 0.2 M CaCl2 and 0.2 M DTT

added in a volume of 550 µL in 50 mM Tris-HCl, pH 7.5. To
controls was added 50 mM Tris-HCl, pH 7.5, instead of
thrombin. Samples were incubated at 37 °C for 10 min to
allow activation. Activated samples and controls were then
mixed with 750 µL of 0.4% N,N-dimethylated casein. Reac-
tions were initiated by the addition of 200 µL of 250 µMMDC
in 50 mM Tris-HCl, pH 7.5, and I0 was recorded. If was
recorded after 15 or 30 min at 37 °C, and ∆I calculated from
I0 - If. Pacific whiting surimi was assayed for TG activity
without thrombin activation. An extract of the surimi was
prepared by homogenization in 2 volumes of 50 mM Tris-HCl/
0.1 M NaCl, pH 7.5, and centrifuged at 10000g for 15 min.
For the assay, 400 µL of surimi extract was added in a cuvette
with 3 mg of N,N-dimethylated casein and 50 nmol of MDC
in 50 mM Tris-HCl, pH 7.5, containing 5 mM CaCl2 and 5 mM
DTT in a total volume of 1.5 mL. I0 was recorded, and samples
were incubated at 25 °C. After 30 min, If was recorded and
∆I calculated.
Surimi Autolysis. Autolytic activity of surimi and pro-

teinase inhibitory activity of fractions were determined ac-
cording to the method of Morrissey et al. (1993). Surimi (3 g)
was chopped into small particles and incubated at 55 °C for 1
h with 3 mL of an inhibitor solution. A control that contained
only surimi and McIlvaine buffer (0.1 M citrate/0.2 M phos-
phate), pH 5.5, was incubated at 55 °C. Blanks, which
consisted of 3 mL of the solution added to 3 g of surimi, were
incubated at 0 °C for 1 h. Autolysis was stopped by adding
24 mL of cold TCA (50%). Samples were homogenized with a
Polytron (Brinkmann Instruments, Westbury, NY) put on ice
for 15 min. Samples then were centrifuged at 8000g for 15
min. The TCA-soluble proteins in the supernatant were
analyzed by Lowry assay with tyrosine as the standard. To
calculate percent inhibition, the following equation was used:

C55 ) Tyr (nM) released without inhibitor at 55 °C, C0 ) Tyr
(nM) released without inhibitor at 0 °C, I55 ) Tyr (nM) released
with inhibitor at 55 °C, and I0 ) Tyr (nM) released with
inhibitor at 0 °C.

RESULTS AND DISCUSSION

Inhibition of Autolytic Activity. The Pacific whit-
ing surimi did not form a measurable gel without
additives to control autolysis. Autolytic activity of the
Pacific whiting surimi was 296 units/g at 55 °C. The
inhibitory activity of BPP, FIV-1, FI-S, and the cysteine
protease inhibitor, E-64, on Pacific whiting autolytic
activity was determined at 55 °C (Figure 1). BPP at
1% inhibited 78% of autolysis, while FIV-1 at 0.1% and
1% inhibited autolysis by 52% and 81%, respectively,

Figure 1. Autolytic inhibitory activity of BPP, FIV-1, FI-S,
and E-64 in Pacific whiting surimi. Autolysis at pH 5.5 and
55 °C for 1 h was determined by Lowry assay of TCA-soluble
products. Inhibition (percent) was calculated as described in
the text.

% inhibition )
(C55 - C0) - (I55 - I0)

C55 - C0
× 100
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and FI-S at 1% inhibited autolysis by 24%. Autolysis
was inhibited 83.5% with 1 mM E-64. Piyachomkwan
and Penner (1995) found that BSA did not inhibit
autolysis at concentrations up to 4% in Pacific whiting
surimi. Weerasinghe et al. (1996) also reported that
BSA did not inhibit proteinase activities even at high
concentrations.
The major components of BPP, by protein content,

include BSA, 50-55%; globulins, 45-50%; and fibrino-
gen, 4%. FIV-1 contains approximately 15% BSA; the
remainder is approximately 15% R2-M, 44% other
R-globulins, and 24% â-globulins (Sigma Chemical Co.,
private communication, 1996). A crude R2-M fraction
enhanced gel strength of arrowtooth flounder surimi at
concentrations of 0.1% and 0.2% (Wasson et al., 1992).
Other inhibitors in plasma that may contribute to
protease inhibition are high and low molecular weight
(MW) kininogens (Adam et al., 1985; Müller-Esterl et
al., 1984). Kininogens have similar solubility properties
as the R-globulins and may be present in FIV-1.
MDC-Incorporating Activity. R2-M and TG both

have been shown to incorporate low MW amines,
resulting in a derivatized peptide-bound γ-glutamyl
residue (Salvesen et al., 1981; Sottrup-Jensen et al.,
1983). Total MDC-incorporating activities due to R2-M
and TG in the various plasma protein samples are listed
in Table 1. Only LP and FI-S had TG activity, which
made up approximately 15% of the total MDC-incorpo-
rating activity. The MDC-incorporating activities of
BPP and FIV-1 were shown to be exclusively of the non-
Ca2+-dependent type. The difference between LP and
BPP in both types of activity could be due to inactivation
of R2-M and TG by the drying process used in prepara-
tion of BPP. However, when calculated on a total
weight basis, the total MDC-incorporating activities in
LP and BPP were similar.
A typical time course of an MDC-incorporating reac-

tion of BPP and FIV-1 is shown in Figure 2. Since no
Ca2+-dependent TG activity was detected in FIV-1, the
observed increase in fluorescence intensity, when FIV-1
is incubated with MDC, is apparently due to incorpora-
tion of the amine at the active site of R2-M. R2-M, a
broad spectrum proteinase inhibitor, is present in plas-
ma at a concentration of 3.5 µM (Harpel and Brower,
1983) or 3% by weight in BPP. The FIV-1 used in this
study contains approximately 15% R2-M as estimated
by SDS-PAGE (data not shown). According to Lorand
(1983), amines such as MDC become incorporated into
the active site glutamine of R2-M during the reaction,
thus depleting the amount of active R2-M available for
subsequent reactions. Although the concentration of
R2-M apparently becomes rapidly limiting, the rate of
increase in fluoresence intensity appeared to be linear
for a short time before leveling off, thus allowing the
reaction rate to be determined. FIV-1 was shown to be

unaffected by the Ca2+ chelator EGTA, thus ruling out
the presence of TG in this fraction (Figure 2).
It has been previously reported that R2-M can inhibit

thiol (cysteine) proteases (Harpel and Brower, 1983;
Starkey and Barrett, 1977; Salvesen and Barrett, 1980).
Salvesen et al. (1981) showed that proteases and other
proteins become covalently linked to R2-M during its
reaction with proteinases. R2-M can produce ε-(γ-
glutamyl)lysine bonds independently of Ca2+ (Lorand,
1983). R2-M was also shown to bind MDC in a Ca2+-
independent way (Van Leuven et al., 1981; Lorand,
1983). Covalent linking of proteinases was inhibited by
lowMW amines, and these compounds were themselves
linked to R2-M in a molar ratio approaching one per
quarter subunit. The site of proteinase-mediated in-
corporation of the amino group of lysine was the same
as that at which methylamine was incorporated in the
absence of proteinase (Salvesen et al., 1981; Sottrup-
Jensen et al., 1983). It has been speculated that the
lysyl amino groups of bound enzymes attack nucleo-
philes at the same activated glutamate site and that
the covalent bond in R2-M complexes may be an ε-lysyl-
γ-glutamyl amide as in the product of TG-catalyzed
reactions.
Effect of Plasma Fractions on Surimi Gel

Strength. Bovine plasma fractions FIV-1 and FI-S
were added to surimi at a concentration of 0.1%, and
the gel strength was compared with that of 1% BPP
(Figure 3). Surimi treated with FI-S or FIV-1 was not
significantly different (p < 0.05) in gel strength, but both

Table 1. Various Types of MDC-Incorporating Activity of
Bovine Plasma Protein Fractions

MDC-incorporating activity

fraction

protein
content
(%)

total
(units/g of
protein)

total
(units/g of
total wt)

Ca2+-
dependent
(units/g of
protein)

other
(units/g of
protein)

LP 8 62.9 5.0 9.4 ( 1.4 53.5 ( 3.3
BPP 69 7.4 5.1 0 7.4 ( 2.9*
FI-S NDa 1193 ND 1193 ( 115 0
FIV-1 85.6 87.7 75.1 0 87.7 ( 4.7**
surimi ND ND 0.6 0.6 ( 0.1 ND

a ND, not determined.

Figure 2. Rate of MDC incorporation by FIV-1 and BPP.
MDC (50 nmol) was added to samples of either FIV-1 (7.5 mg)
or BPP (100 mg) diluted in 50 mM Tris-HCl, pH 7.5, buffer.
The MDC incorporated was calculated as described in the text.
A unit of MDC-incorporating activity was defined as nano-
moles of MDC incorporated per minute at 37 °C.

Figure 3. Gel enhancement of Pacific whiting surimi by
bovine plasma protein fractions. Samples were prepared with
0.13% CaCl2. Gel strength was measured by the punch test.
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were significantly lower than surimi with BPP. When
FI-S and FIV-1 treatments were combined, gel strength
was significantly higher than that of either fraction
alone and was not significantly different from that of
BPP. These data indicate a synergistic effect of TG and
R2-M in enhancing gel strength of surimi.
To determine the contribution of endogenous TG

activity in gel strength enhancement, either Ca2+ or
EGTA was added to surimi with 1% BPP (Figure 4).
BPP-containing surimi had significantly higher gel
strength in the presence of Ca2+. Since Ca2+-dependent
TG activity is not present in BPP (Table 1), the Ca2+

dependence of gel enhancement is most likely due to
TG activity endogenous to the fish muscle. Ca2+-
dependent MDC-incorporating activity was detected in
the Pacific whiting surimi at 0.6 unit/g (Table 1). Ca2+-
dependent TG activity in muscle has been reported in
several fish species (Kimura et al., 1991; Kishi et al.,
1991; Tsukamasa and Shimizu, 1990, 1991; Wan et al.,
1994). Wan et al. (1994) found that walleye pollock
surimi gelation was completely inhibited by 2 mM
EGTA and that gel strength and cross-linking were
dependent on Ca2+ concentration. They attributed the
role of Ca2+ in the gelation of walleye pollock surimi
paste to the activation of endogenous transglutaminase.
Effect of Bovine Plasma Components on Surimi

Gel Strength. Pacific whiting surimi was treated with
various combinations of plasma proteins to determine
effects on gel strength of individual components of BPP.
BSA and fibrinogen were tested since they are the major
components of BPP that possess gel-forming properties.
Fibrinogen forms a tough, elastic gel matrix in the
presence of TG activity, while BSA forms a heat-induced
gel. Treatment levels of each component were chosen
to simulate treatment with 1% BPP. No detectable
gelation was observed with BSA at 0.5% or with
fibrinogen at 0.04%. Surimi incubated with FIV-1
(0.1%) and BSA (0.5%) showed a statistically significant
(p < 0.05) increase in gel strength over FIV-1 alone
(Table 2). The increase in gel strength in surimi
incubated with FIV-1 (0.1%) combined with fibrinogen
(0.04%) was not a statistically significant difference. The
increased gel strength when FIV-1 is combined with
BSA suggests a synergistic interaction between R2-M
and BSA.
BSA at a higher concentration (3%) was found to

enhance gelation almost as well as 1% BPP. A combi-
nation of 0.1% FIV-1 and 3% BSA enhanced gel strength
significantly more than 1% BPP or 3% BSA alone. It
has been reported that BSA can form a self-supporting

gel at concentrations >4% (w/v) and that disulfide bond
formation was an important mechanism for gel forma-
tion of BSA (Matsudomi et al., 1991). It was previously
reported that BSA was not a protease inhibitor (We-
erasinghe et al., 1996) and, therefore, could not inhibit
modori during heat-induced gelation of surimi.
Conclusions. These data indicate that enhancement

of Pacific whiting surimi by BPP is the result of a
combination of factors, including inhibition of proteolytic
degradation by plasma proteins, protein cross-linking
by TG (and possibly R2-M), and gelation of BSA. It
appears that in the manufacture of surimi from soft-
textured fish, protease inhibitors may be partially
substituted by the addition of TG. Optimization of
protein cross-linking may have commercial potential as
an adjunct to food grade protease inhibitors for surimi
gel enhancement.

LITERATURE CITED

Adam, A.; Albert, A.; Calay, G.; Closset, J.; Damas, J.;
Franchimont, P. Human kininogens of low and high molec-
ular mass: quantification by radioimmunoassay and deter-
mination of reference values. Clin. Chem. 1985, 31 (3), 423-
426.

Akazawa, H.; Miyauchi, Y.; Sakurada, K.; Wasson, K. H.;
Reppond, K. D. Evaluation of protease inhibitors in Pacific
whiting surimi. J. Aquat. Food Prod. Technol. 1993, 2 (3),
79-95.

An, H.; Peters, M. Y.; Seymour, T. A. Roles of endogenous
enzymes on surimi gelation. Trends Food Sci. Technol. 1996,
7, 321-327.

Hamann, D. D.; Amato, P. M.; Wu, M. C.; Foegeding, E. A.
Inhibition of modori (gel weakening) in surimi by plasma
hydrolysate and egg white. J. Food Sci. 1990, 5, 665-669,
795.

Harpel, P. C.; Brower, M. S. R2-Macroglobulin: an introduc-
tion. In Chemistry and Biology of R2-Macroglobulin; Boland,
B., Hitchcock, J., Scholnick R., Eds.; The New York Academy
of Sciences: New York, 1983; pp 1-9.

Jiang, S. T.; Lee, J. J. Purification, characterization, and
utilization of pig plasma factor XIIIa. J. Agric. Food Chem.
1992, 40, 1101-1107.

Kato, H.; Nagasawa, S.; Iwanaga, S. HMW and LMW kinino-
gens. Methods Enzymol. 1981, 80, 172-198.

Kimura, I.; Sugimoto, M.; Toyoda, K.; Seki, N.; Arai, K.; Fujita,
T. A study on the cross-linking reaction of myosin in
kamaboko “suwari” gels. Nippon Suisan Gakkaishi 1991,
57, 1389-1396.

Kishi, H.; Nozawa, H.; Seki, N. Reactivity of muscle trans-
glutaminase on carp myofibrils and myosin B. Nippon
Suisan Gakkaishi 1991, 57, 1203-1210.

Konagaya, T.; Aoki, T. Jellied condition in Pacific hake in
relation to Myxosporidian infection and protease activity.
Bull. Tokai Reg. Fish. Res. Lab. 1981, 105, 1-16.

Figure 4. Gel strength of Pacific whiting surimi with 1% BPP
added. Samples were prepared with either 0.13% CaCl2 or
0.2% EGTA. Gel strength was measured by the punch test.

Table 2. Effect of Major Plasma Components on Gel
Strength of Pacific Whiting Surimi As Compared to 1%
BPPa

plasma
component

% gel
enhancement

plasma
component

% gel
enhancement

1% BPP 100 0.1% FIV-1 and
0.5% BSA

106.4

0.1% FIV-1 78.2 0.1% FIV-1 and
3% BSA

121.6

0.5% BSA no gel 0.1% FIV-1 and
0.04% fibrinogen

93.1

3% BSA 88.0 0.04% fibrinogen no gel
a Gel strength was measured by the punch test. All measure-

ments were based on two determinations using four replicates
each.

2922 J. Agric. Food Chem., Vol. 45, No. 8, 1997 Seymour et al.



Lanier, T. C. Measurement of surimi composition and func-
tional properties. In Surimi Technology; Lanier, T. C., Lee,
C. M., Ed.; Dekker: New York, 1992; pp 123-163.

Lorand, L. Post-translational pathways for generating ε(γ-
glutamyl)lysine cross-links. In Chemistry and Biology of R2-
Macroglobulin; Feinman, R. D., Ed.; The New York Acad-
emy of Sciences: New York, 1983; pp 10-27.

Lorand, L.; Lockridge, O. M.; Campbell, L. K.; Myhrman, R.;
Bruner-Lorand, J. Transamidating enzymes II. A continu-
ous fluorescent method suited for automating measurements
of factor XIII in plasma. Anal. Biochem. 1971, 44, 221-231.

Lorier, M. A.; Aitken, B. L. Method for treating fish with R2-
macroglobulin. U.S. Pat. 5,013,568, 1991.

Masaki, T.; Shimomukai, M.; Miyauchi, Y.; Ono, S.; Tuchiya,
T.; Mastuda, T.; Akazawa, H.; Soejima, M. Isolation and
characterization of the protease responsible for jellification
of Pacific hake muscle. Nippon Suisan Gakkaishi 1993, 59,
683-690.

Matsudomi, N.; Rector, D.; Kinsella, J. E. Gelation of bovine
serum albumin and â-lactoglobulin; effects of pH, salts, and
thiol reagents. Food Chem. 1991, 40, 55-69.

Miller, R.; Spinelli, J. The effect of protease inhibitors on
proteolysis in parasitized Pacific whiting, Merluccius pro-
ductus, muscle. Fish. Bull. 1982, 80, 281-286.

Morrissey, M. T.; Wu, J. W.; Lin, D.; An, H. Protease inhibitor
effects on torsion measurements and autolysis of Pacific
whiting surimi. J. Food Sci. 1993, 58, 1050-1054.

Müller-Esterl, W.; Just, I.; Fritz, H. Quantitation and dif-
ferentiation of human kininogens by enzyme-linked immu-
nosorbent assays (ELISA). Fresenius’ Z. Anal. Chem. 1984,
317, 733-734.

Numakura, T.; Seki, N.; Kimura, I.; Toyoda, K.; Fujita, T.;
Takama, K.; Arai, K. Cross-linking reaction of myosin in
the fish paste during setting (Suwari). Nippon Suisan
Gakkaishi 1985, 51, 1559-1565.

Patashnik, M.; Groninger, H. S.; Barnett, H.; Kudo, G.; Koury,
B. Pacific whiting (Merluccius productus): abnormal muscle
texture caused by Myxosporidean-induced proteolysis.Mar.
Fish. Rev. 1982, 44 (5), 1-12.

Piyachomkwan, K.; Penner, M. H. Inhibition of Pacific whiting
surimi-associated protease by whey protein concentrate. J.
Food Biochem. 1995, 18, 341-353.

Reppond, K. D.; Babbitt, J. K. Protease inhibitors affect
physical properties of arrowtooth flounder and walleye
pollock surimi. J. Food Sci. 1993, 58, 96-98.

Sakamoto, H.; Kumazawa, Y.; Motoki, M. Strength of protein
gels prepared with microbial transglutaminase as related
to reaction conditions. J. Food Sci. 1994, 59, 866-871.

Sakamoto, H.; Kumazawa, Y.; Toiguchi, S.; Seguro, K.; Soeda,
T.; Motoki, M. Gel strength enhancement by addition of
microbial transglutaminase during onshore surimi manu-
facture. J. Food Sci. 1995, 60, 300-304.

Salvesen, G. S.; Barrett, A. J. Covalent binding of proteinases
in their reaction with R2-macroglobulin. Biochem. J. 1980,
187, 695-701.

Salvesen, G. S.; Sayers, C. A.; Barrett, A. J. Further charac-
terization of the covalent linking reaction of R2-macroglo-
bulin. Biochem. J. 1981, 195, 453-461.

Seki, N.; Uno, H.; Lee, N-H.; Kimura, I.; Toyoda, K.; Fujita,
T.; Arai, K. Transglutaminase activity in Alaska pollock
muscle and surimi, and its reaction with myosin B. Nippon
Suisan Gakkaishi 1990, 56, 125-132.

Seymour, T. A.; Morrissey, M. T.; Peters, M. Y.; An, H.
Purification and characterization of Pacific whiting pro-
teases. J. Agric. Food Chem. 1994, 42, 2421-2427.

Sottrup-Jensen L.; Hansen, H. F.; Christensen, U. Generation
and reactivity of “nascent” R2-macroglobulin: localization

of cross-links in R2-macroglobulin-trypsin complex. In Chem-
istry and Biology of R2-Macroglobulin; Annals of the New
York Academy of Sciences; Feinman, R. D., Ed.; The New
York Academy of Sciences: New York, 1983; Vol. 421, pp
188-208.

Starkey, P. M.; Barrett, A. J. R2-Macroglobulin, a physiological
regulator of proteinase activity. In Proteinases in Mam-
malian Cells and Tissues; Barrett, A. J., Ed.; North-Holland
Publishing: New York, 1977; Chapter 16, pp 663-696.

Takagi, J.; Saito, Y.; Kikuchi, T.; Inada, Y. Modification of
transglutaminase assay: use of ammonium sulfate to stop
the reaction. Anal. Biochem. 1986, 153, 295-298.

Tsukamasa, Y.; Shimizu, Y. Setting property of sardine and
Pacific mackerel meat. Nippon Suisan Gakkaishi 1990, 56,
1105-1112.

Tsukamasa, Y.; Shimizu, Y. Factors affecting the trans-
glutaminase-associated setting phenomenon in fish meat sol.
Nippon Suisan Gakkaishi 1991, 57, 535-540.

Tsuyuki, H.; Williscroft, S. N.; Zabata, Z.; Whitaker, D. J. The
relationship between acid and neutral protease activities
and the incidence of soft cooked texture in the muscle tissue
of Pacific hake (Merluccius productus) infected with Kudoa
paniformis and/or Kudoa thyrsitis, and held for varying
times under different pre-freeze chilled storage conditions.
Canadian Technical Report of Fisheries and Aquatic Sci-
ences 1130; Department of Fisheries and Oceans Technology
Services Branch: Vancouver, BC, 1982.

Turpeinen, U.; Syvanen, A.-C.; Hamberg, U. Kininogen mo-
lecular heterogeneity by affinity chromatography on con-
canavalin A and Ricinus communis lectins. FEBS Lett.
1981, 131, 137-142.

Van Leuven, F.; Cassiman, J. J.; Van den Berghe, H. Func-
tional modification of R2-macroglobulin by primary amines.
I. Characterization of R2-M after derivation by methylamine
and by factor XIII. J. Biol. Chem. 1981, 256, 9016-9022.

Wan, J.; Kimura, I.; Satake, M.; Seki, N. Effect of calcium ion
concentration on the gelling properties and transglutami-
nase activity of walleye pollack surimi paste. Fish. Sci. 1994,
60, 107-113.

Wasson, D. H.; Reppond, K. D.; Babbitt, J. K.; French, J. S.
Effects of additives on proteolytic and functional properties
of arrowtooth flounder surimi. J. Aquat. Food Prod. Technol.
1992, 1 (3/4), 147-165.

Weerasinghe, V. C.; Morrissey, M. T.; An, H. Characterization
of active components in food-grade protease inhibitors for
surimi manufacture. J. Agric. Food Chem. 1996, 44, 2584-
2590.

Received for review March 3, 1997. Revised manuscript
received June 4, 1997. Accepted June 5, 1997.X This work
was partially supported by Grant 96-35500-3340 from the U.S.
Department of Agriculture-Cooperative State Research, Edu-
cation, and Extension Service and by Grant NA36RG0451
(Project No. R/SF-1) from the National Oceanic and Atmo-
spheric Administration to the Oregon State University Sea
Grant College Program and by appropriation made by the
Oregon State legislature. The views expressed herein are
those of the authors and do not necessarily reflect the views
of NOAA or any of its subagencies.

JF970176T

X Abstract published in Advance ACS Abstracts, July
15, 1997.

Gel Enhancement by Plasma Proteins J. Agric. Food Chem., Vol. 45, No. 8, 1997 2923


