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Abstract

Texture- modifying and freeze-thaw stabilizing effects of different wheat gluten and modified starches on
surimi based-product were evaluated. The different incorporation manners of wheat gluten and modified wheat
starch in surimi gel were also examined to evaluate their effects of textural properties on surimi gel. The
addition of wheat gluten reduced the gel strength of surimi, but after freeze-thaw cycle it significantly
improved freeze—thaw stability by reducing freeze—thaw expressible moisture and also by preventing rubbery
texture development. Gluten-1 incorporated surimi gel showed higher functionality in forming cohesive gel
determined by compressive and penetration force as well as expressible moisture after freeze-thaw cycle.
Surimi gel containing modified wheat starch showed better freeze-thaw stability than that of modified potato
starch. When a preblended mixture of wheat gluten and starch are incorporated into surimi gel, it made gel
texture significantly softer as so in high sensory score. The competition for moisture between gluten and starch
is a main reason to show different way of textural medification.
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INTRODUCTION

The major use of vital wheat gluten has traditionally
beer, and continues to be in bakery product application.
However, the unique adhesive, cohesive and {ilm-[orming
characteristics of hydrated vital wheat gluten and its
thermosetting properties serve the basis of various
types of application in meat, [isheries and poultry pro-
ducts such as frankfurters and hologna as a protein
extender and binder{1-4). Proteins from blood, cotton-
seed, eggs, peanuts and sunflower and wheat gluten
have heen incorporated into communited meat product
ta enhance some functional properties(5,6). Siegel et
al.{7} used beef semi-tendinous pieces to test the ad-
hesion properties of various nonmeat proteins and found
egg white to exert the strongest binding force in pres-
ence of 8% sodium chloride and 2% sodium tripoly-
phosphate. Chung and Lee(8,9) demonstrated the texture-
modifying effect of nonfish protein in surimi gel.
Because of its being less expensive and comparable
to texture-modifying properties of egg white, wheat
gluten is currently one of the main protein ingredients
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used in surimi-based analog products as well as meat
based gel products.

In this study, three different wheat glutens were
evaluated along with modified wheat starch for their
texture-modifying and freeze—thaw stabilizing prop-
erties in surimi—hased products. The effect of different
ineorporation technigues of gliten and modified starch
was also evaluated.

MATERIALS AND METHODS

Frozen Alaska pollock({ Theragra chalogramsma) surimi
obtained from the Alaska Fisheries Development Foun-
dation{Anchorage, AK) was used in this stucdy. Partially
thawed surimi block was chopped in a silent cufter
for 10 min with addition of 1.5% salt, ingredients(wheat
gluten and starch) and an appropriate amount of water
to adjust the moisture level to 7825, All ingredients
were added on a surimi weight basis. Ingredients used
were three different gluten and starches. They included
Gluten-1{TWGA composite gluten) from Ogilvie Mill
{Minnetonka, MN, USA), and modified potato starch
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from Avebe(Princeton, NJ., USA), Gluten-2(Flash-
Dried gluten) and Gluten—3(Flovor Pro-200 gluten) and
modified wheat starch from the Midwest Grain Prod-
ucts(Atchison, KS., USA). Some part of resulting paste
was extrude into a sheet and partially heat-set for
Zmin at 100°C, and fiberized to run sensory evaluation
and shear test. The rest of the paste was stuffed into
a Zomm diameter cellulose casing. Fibetized and casing-
molded samples were cooked at 90°C for 15min and
20min, respectively, in a steam cooker. The fiberized
sample was cooled and kept in a refrigerator, while
the casing-molded sample was cooled down in the
running cold water lor 10min and kept overnight at
room tempeiature prior to the evaluation of the textural
properties.

Measurement of textural properties of samples

For the casing-molded sample, compressive force,
penetration force and expressible moisture were eval-
uated as textural parameters using an Instron testing
machine(Model 1122, Instron Corp., Canton, MA, USA)
following the procedure proposed by Lee and Chung
(10). For all tests, cylindrical samples{25mm width, 25
mun length) were used. Compressive force was mea-
stired as an index of gel cohesiveness at 902 deformation
with failure using a 10cm diameter compression head.
At the same time. the amount of moisture expressed
upon compression was measured by collecting the fluid
an three layers of filter paper. The amount of expressible
moisture{5) of gel was then calculated by comparing
the amount of water absorbed by the filter paper and
total moisture content of gel. Penetration force at 90%
deformation was measured as an index of firmness
using a bmm diameter phinger with spherical end.

For the fiberized sample, shear test was conducted.
In the shear test a fiberized sample was sheared lon-
gitudinally by descending flat blade(Imm thickness)
while the sample rested on a stationary plate.

Sensory evaluation of fiberized products

Sensory evaluation of the textural properties of the
fiberized surimi gel product was conducted by a group
of 12 panelists. The textural characteristics evaluated
were firmness, rubberiness, chewiness, moistness and
averall texture acceptability. The panel was composed
of graduate students and faculty of the department
who had a prior experience in evaluating the quality

ol surimi gel products, The panelsts were asked to
score the intensity and desirability of textural charac-
teristics on a 9-point scale.

Microscopic analysis of the dispersion pattern

The morphological changes(size and shape) and
dispersion patterns of gluten and modified stzrch in
the surimi gel were examined under a Light microscope.

To examine the structure, a 4mm thick specimen
was frozen in liquid nitrogen and cut into 16um thick
sections using a microtome crvostat{Model 3398, Damon/
fce Minotom, Needham Heights, MA., USA). The spec-
imen was stained with hematoxyline for 20 min after
hydrating the sample with 60% isopropanocl for few
seconds, and excess stain were rinsed off with water.
Stained samples containing starch were placed at the
chamber saturated with iodine vapor. The stained and
dried samples were examined under a light microscope.

Analysis of data

The Statistical Analysis System(11) was used to
determine the significance of varations in the textural
properties of various ingredients in the surimi gel sys-
tem. Correlation coefficients were used to determine
relationship among textural parameter.

RESULTS AND DISCUSSION

Comparison of three different wheat gluten for
their texture-modifying effect in surimi gel

The addition of wheat gluten significantly reduced
the gel strengthicompressive and penetration force)
and expressible moisture(increased water hinding) of
melded surimu gel products(Table 1), The decreased
gel strength of gluten-incorporated surimi gel is he-
lieved to be due to the combination of a reduced amount
of myofibrillar protein and interference of gluten in
gelation of myofibrillar protein(8,9). Between gluten-
incorporated gels, the gels containing Gluten-2{Flash-
dried) and Gluten-3(Flavor pro-200) showed slightly
lower gel strength(significant for compressive farce;
insignificant for penetration force) than the one with
Gluten-1{Ogilvie), except that the gel with Gluten-3
showed significantly lower penetration force than the
one with Gluten—1. After 2 freeze-thaw cycles, pene-
tration, shear force and expressible moisture of gels
increased due to freeze syneresis. The increased ex-
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Table 1. Comparison of textural properties among different gluten{2%)—incorporated surimi gel products{(moided}
determined by Instron testing machine

Compressive Penetration Shear Expressible
force(ke) forcelg) force(g) moisture{%4)
Glutens
Freeze-thaw cycle

0 2 0 2 0 2 0 p)
Control 626" 425 370" 3835 B43° 900 0.65° 1.90°
Gluten—1 33 30.8° 313° 3463 260" 620" 0.62° 1.08°
Gluten-2 31.3° 31.0° 303° 396.7° 470° 680° 045 1.38°
Gluten-3 32.9° 6.7 273° 303.3° AR0F 633P 0.46° 154

Gluten-1. Iwga composite, (luten-2: Flash-dried, Gluten-3: Flavor Pro-200
Means with different superscripts within the same column are significantly different(p<0.05)

Table 2. Comparison of textural properties among different gluten—incorporated surimi gel products{fiberized)
determined by sensory evaluation

Firmness Chewiness Rubberiness Moistness Overall texture

Glutens
Freeze—thaw cycle
Intensity 0/2 0/2 0/2 0/2
{desirability) (/2 (0/2) /2 (0/2) {0/2)

Control 7.3/7.6 73/76 73718 5853

(8.0/5.3) (2.0/2.3) {7.5/6.3) (7.3/6.5) (7.8%/5.0%
Gluten-1 6.5/6.8 6.0/6.8 6.5/6.8 55/58

& (7.0/7.0) (6.6/7.0) (7.1/65) (6.9/7.0) (7.0%6.8")

Gluten-2 6.0/5.8 6.1/58 £3/5.8 6.0/6.0

(7.4/85) (7.1/6.5) (7.1/6.8) (7.3/7.0) (7.0°/6.8"
Gluten-3 5.6/45 5.6/4.8 5.8/4.5 6.7/5.3

{6.5/5.1} (65/5.1) (65/5.0) (75/58) (6.5°/5.1%)

Gluten—1: Iwga composite, Gluten-2: Flash-dried, Giuten-3: Flavor Pro-200
Meang with different superscripts within the same column are significantly different{p<0.05}

Table 3. Effect of modified starches on textural properties and freeze—thaw stability of surimi gel products{molded)
determined by Instron testing machine

Compressive Penetration Shear Expressihle
forcetke) forcelg) forcelg) moisture!{%4)
Starches
Freeze~thaw cycle

0 2 0 2 0 2 0 2
Control 63.7 xo 357" 3537 5507 10074 0.56" 1.25°
Potato 51.7° 36.0° 330° 333° 530 &70° 0.45° 087"
Wheat 40.0° 32.3° 305° 277 465 500" 0.45° 0.7%

Modified starches were added at 6% level
Means with different superscripts within the same column are significantly different{p<0.05)

pressible moisture after freezing reflected the increase
in shear force as an indication of a tough, rubbery tex—
ture development. However, the extent of such increase
in expressible moisture and shear force was significantly
less with gels prepared with wheat gluten than that with-
out gluten, This explains why the gluten—incorporated
gels received significantly higher score than the one
without gluten(Table 2). The sensory analysis of fi-
berized samples revealed that Gluten—1 and 2 samples

received higher desirahility scores than Gluten—3 sample
because the Gluien—3 sample was softer and less elastic
than (Gluten-1 and 2 samples.

Freeze—thaw stabilizing and texture-modifying ef-
fect of modified starches in surimi-based products

Table 3 shawe] the textural properties and freeze—
thaw stability of molded and fiberized products which
were measured with an Instron testing machine. The
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Table 4. Effect of modified starches on textural properties and freeze—thaw stability of surimi gel products(fiberized)

determined by sensory evaluation

Starch Firmness Chewmess Rubberiness Muoistness Overall texture
tarchs Freeze-thaw cycle
Tntensity 0/2 072 0/2 0/2
{desirability) {0/2) (0/2) {o/2) (0/2) {072}
Control 6.3/7.3 6.3/7.7 6.0/7.7 55/57
omro (6:3/65) (68/6.3) (7.3/6.0) (68/7.0) (7.0°/6.3°)
65/6.3 6.8/6.3 6.0/6.2 b0/6.7
Mod-potato (69/67) (69/67) (73/67) (66/7.3) 68467
6.3/6.8 6.0/6.8 56/6.7 55/6.3
Mod-wheat (65/15) (65/75) 7073 (66/73) (6.6%/7.3)

Modified starches were added at 6% level

Means with different superscripts within the same column are significantly diffferent(p<0.05)

Tahle 5. Comparison of medified starches(4%6) for their effect on textural properties of 2% wheat gluten—incorporated

surimi gel products{molded)

Compressive Penetration Shear forcelg) Expressible
force(kg) force(g} (fiberized) moisture(%5)
Samples TFreeze—thaw cycle

0 2 0 2 0 2 0 2
Controal 63.7 270 397 353 550 1007 056 115
G-mp-1 50.4 353 337 370 510 i) 057 110
G-mp-2 417 277 327 340 407 477 0.5 1.09
G-mw 32.7 207 2497 263 347 530 0.6 0.76

G-mp-1: Iwga composite, G-mp-2: Flavor Pro-200 gluten+maoditied potato starch, G-mw: Flavor Pro—200 gluten+modified

wheat starch

addition of modified starch at a 6% level significantly
reduced gel strength(compressive and penetration force).
However, after 2 freeze—thaw cycles, the samples pre-
pared with modified starch remained more cohesive
and less rubbery than the control as shown by higher
compressive force. The lower shear force and expres-
sible moisture indicate that modified starch effectively
improved freeze-thaw stability, where modified wheat
starch{hydraxypropylated) performed slightly better than
modified potato starch(hydroxypropylated). A similar
result was observed by Kim and Lee(12), The above
Instron data support the result of the sensory analysis
that after 2 freeze~thaw cycles, the overall texture des-
irahility of fiberized samples with modified starch was
better than that of the control, where the sample with
modified wheat starch received the highest desirability
score because of its being moderately firm and elastic
{Table 4).

Comparison of modified starches for their effects
on the textural properties and frecze-thaw sta-
bility of gluten—-incorporated surimi gel products

When Gluten—3 was compared with Gluten—1 for their

texture-modifying and freeze-thaw stahilizing effects
in the presence of 4% modified potato starch, it produced
a weaker gel(reduced compressive and penetration force,
Table 5), but after 2 freeze-thaw cycles, it received the
same desirability score as the Gluten-1(Table 6). On
the other hand, when modified wheat starch was used
in place of modified potato starch, the texture becaime
soft and thus the overall desirability decreased although
the freeze—thaw stability of the gel was significantly bet-
ter than those with modified potato starch.

Effect of different incorporation techniques of
wheat gluien and modified wheat starch

G-MW-1 is our conventional chopping method in
which surimi is chopped for 3min with 1.5% of salt,
followed by the addition of gluten and starch with an
1min interval, G-mw-2 is a method in which gluten and
starch are incorporated together after being preblended.
Results revealed that incorporation of preblended gluten
and starch significantly reduced gel strength(Table 7).
Modified wheat starch contributed to a good freeze-
thaw stability in gluten—incorporated surimi-based product
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Table 6. Comparison of modified starches(4%) for their effect on textural properties of 2% wheat gluten—incorporated
surimi gel products(molded)

Firmness Chewiness Rubberiness Moistness Overall textire
Samples
Freeze-thaw cycle
Intensity 0/2 0/2 0/2 0/2 0/2
{desirability) (0/2) {0/2) {0/2) {0/2) 0/2)
Control 8.7/7.7 6.7/1.7 6.7/1.7 5.6/5.7
(7.3/62) (7.8/6.2) {7.8/6.00 (7.3/70) {7:7/6.0)
Gomn-1 6.3/6.5 6.3/5.8 6.3/6.5 5.3/5.7
P (7.0/7.2) (63/7.0) (B2/70) (6.7/7.0) (7.0/7.0)
— 6.2/6.7 5.8/6.0 5.3/6.0 5.5/5.7
g (68/7.0) (5.8/6.8) (6.7/6.8) (6.8/7.0) (6:7/7.0)
Comnw 5555 5.3/22 48/MH5 55/6.0
(6.3/6.5) (6.0/6.5) £.0/6.5) {(B.B/T3) (6.1/6.5)

G-mp-1: Twga composite, G-mp-2: Flavor Pro-200 gluten +medified potato starch, G-mw: Flavor Pro-200 gluten +modified
wheat starch.

Table 7. Effect of the manner of incorporation of wheat gluten and modified wheat starch on textural properties
of surimi gel products(molded) determined by Instron testing machine

Compressive Penetration Shear Expressihle
o . force(kg) foreelg) forcelg) moisture(%4)
Mixing techniques Freeze-thaw cycle
0 2 ) 2 ] 2 0 2
Control 626 42.3 370 383 643 900 0.5 1.29
Gluten-} 49.3 30.7 373 376 500 627 0.47 147
G-mw-1 50.3 30.0 413 273 380 500 0.49 0.52
G-mw-2 33.0 227 333 243 320 367 0.46 0.59
Mw-~g 492 407 395 0.56

luten-1' Flavor Pro-200 gluten, G-mw-1: Flavor gluten+modified wheat starch{conventional method), G-mw-2: Flavor
Pro—200 gluten+modified wheat starch.(preblend). Mw-g: Modilied wheat starch+Flavor Pro-200

Table B. Effect of the manner of incorporation of wheat gluten and modified wheat starch textural properties of
surimi gel products{fiberized) determined by sensory evaluation

. . Firmness Chewiness Rubberiness Moistness Overall texture
Mixing techniques
Freeze-thaw cycle
Intensity n/2 0/2 0/2 0/2
{desirapility) (0/2) (0/2) (0/2) (0/2) (0/2)
Cantrol 7.0/8.0 7.0/8.0 7.0/8.0 57/6.0
(80/5.3) (8.0/5.3) (.0/5.3) (7.7/1.3) {77/470)
Giut 6.2/6.2 6.2/6.3 6.2/6.2 57/6.0
e (77/75) (15/15) (7.7/15) (7:7/1.3) (6.5/7.3)
G-mw_1 5.3/8.5 5.3/6.0 53/65 5.7/6.0
{6.7/7.2) (6.7/72) (6.7/72) (6.7/72) (6.7/7.2)
J— 4.0/8.0 4.0/6.0 4.0/6.0 5.7/6.0
W (5.5/7.7) (6.5/71 (5.5/7.6} (7.3/1.3) (5.5/75)
5.2 5.3 52 58
Mw-g (55 (5.8 58) (7.3) 58

Gluten-1: Flavor Pro-200 gluten, G-mw-1: Flavor Pro—200 gluten + modified wheat starch{cenventional method), G-mw-2:
Flaver Pro~200 gluten+medilied wheat starch{preblend), Mw-g: Modified wheat starch-Flaver Pro-200

regardless of incorporation techriques as indicated by
insignificant changes in amount of expressible moeisture

of samples prepared by G-MW-1 and G-MW-2 tech-
niques after 2 freeze—thaw cycles. This can be partly



Evaluation of Wheat Gluten and Modified Starches for Thelr Texiure-modifying and 195
Freeze-thaw Stabilizing Elfects on Surimm Based-products

I T

Fig. 1. Comparison of incorporation method on disper—
sion and development of wheat gluten and starch
swelling,

explained by the difference in the extent of starch sweil-
ing shown in Fig. 1 where the swelling of starch was
relatively restricted when added together with wheat
gluten than when added separately. The greater gel
strength resulfing from G-MW-1 could be due to initial
dispersion and favorable interaction of wheat gluten
with myofibrillar protein in surimi before starch being
mmcorporated. After 2 freeze-thaw cycles, however, there
were no significant differences in sensory properties
and the overall desirability between incorporation after
preblending(G-MW-2) and conventional technique(G-
MW-1){Table 8), It was interesting to note that the
result was not affected by reversing the order of in-
corporation{MW-G-1} so long as they were incorporated
apart{Table 7).

CONCLUSIONS

The addition of wheat gluten reduced the gel strength
of surimi, but after freeze-thaw it significantly improved
freeze-thaw stahbility by reducing freeze-thaw express—
ible moisture and also by preventing rubbery texture
development.

Surini ge] which is incorporated with Gluten-2 vielded
a gel with a firmer, chewier and elastic textire and higher
desirability score than that with Gluten—3 both before
and after frozen storage.

When compared ta Gluten-1, both Gluten-2 and 3 ap-
pear 1o be less functional in forming a cohesive gel as
indicated by lower compressive and penetration force

and lugher expressible moisture after 2 freeze-thaw cveles.

Surimi gel prepared with modified wheat starch made
a gel softer, but better performed in keeping freeze-
thaw wheat starch made a gel softer, but better per-
formed in keeping [reeze-thaw expressible maoisture
low, and recerved a significantly higher desirahility score
than the one with modified potato starch.

The incorporation of preblended mixture of wheat
gluten and starch resulted in & significantly softer texture
as 30 in desitability score. This was a result of the com-
petition for moeisture between gluten and starch which
limited the moisture available for starch swelling.
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