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U.S. Standard Testing Methods
INTRODUCTION

The Technical Subcommittee

of the Surimi Committee of the

National Fisheries Institute has

developed testing procedures that
will serve as "standard" or

"benchmark" methods for evalu

ating and specifying the composi
tion and functional properties of
raw surimi in the United States.

This standard testing regime has
been extensivelytested and
shown to yield the most accurate
measurements of any known test
methods. These measurements

are readily reproducible in any

properly equipped laboratory,
requiring only minimal training of
the lab personnel (though careful
attention to technique is re
quired).

By using this standardized
testing regime, the industry can
accurately and objectively quan
tify and specify the quality of
surimi for writing reliable buyer-
seller contracts, for ensuring in-
house quality control and for pre
dicting surimi functionality in

product manufacture (such as in
least-cost formulation.

Non-standard methods of in

terest to surimi manufacturers and

users are discussed in subsequent
sections of this manual.

The subcommittee decided

not to establish a grading system
for surimi in conjunction with the
development of standardized test
ing methods because these would
be based on the quality criteria of
only one user group. Rather, the
quality of surimi should be speci
fied by the manufacturer based



on the standard test measure

ments of individual lot samples.
Each buyer or buyer group could
then establish acceptable ranges
(specifications) for each test prop
erty of interest. All properties may
not be of interest to every proces
sor.

Such specifications could be
used to establish a pricing regime
(quality grades) relevant to the
application(s) of a buying group
(such as the kamaboko or shell
fish analog industry). This system
should allow more flexibility for
some surimi buyers who value
certain properties over those val
ued by the food industry at large.
For example, a "defect" such as
red coloration might be viewed
as a positive attribute by manu

facturers of red meat products.
This is one of the difficulties of

the Japanese grading system. It
downgrades the "quality" of
surimi for any defect with respect
to its use in kamaboko produc
tion.

Standard methods are de

scribed for measuring the proper
ties of raw surimi determined to

be important in formulating foods
that are presently produced or
that may include surimi in the fu
ture. Standard methods were es

tablished for both compositional
and functional properties.

COMPOSITION AL

PROPERTIES

Compositional properties are
chemical constituents measured

as a mass or volume percentage
of a unit quantity of surimi. In
other words, each chemical con
stituent of surimi can be ex

pressed on a percentage or con
centration basis. The surimi con

stituents of interest to food pro
cessors are protein, moisture, fat
and visual contaminants. Visual

contaminants are colored/dark

specks easily distinguished
against the lighter muscle protein
background. They are derived
from fish belly lining, skin, etc.
The measurement of non-visually
detectable particulate contami-



nants, such as clear or light col
ored scale or bone, does not war
rant a standard test procedure at
present. Because pH is also a
measurement of the concentra

tion of a constituent (hydrogen
ions), its measurement is included
as a compositional property de
spite its primary use as an indirect
measurement of functionality
(gel-forming ability).

Protein Content To determine
protein content, use the standard

AOAC (1984) Kjeldahl digestion,
distillation and titration proce
dures for nitrogen determination.
The conversion factor 6.25 is

used to convert percent nitrogen
to percent protein. However, in

species or products that contain
substantial amounts of non-pro
tein nitrogen (such as elasmo-
branchs, minced shark), failure to
determine protein content inde
pendently of the non-protein ni
trogen component could intro
duce error into the measurement.

Moisture Content To deter

mine moisture content, use the

AOAC (1984) oven drying
method, utilizing an overnight (18
hr) drying period at 100 C. How
ever, the AOAC vacuum oven

drying method, which is more
rapid, may be substituted. Take

samples from the center of fish
blocks to avoid freezer-burned ar

eas. Samples should be weighed
on an analytical balance at or
near room temperature after
equilibrating in the appropriate
environment (non-desiccating for
raw samples, desiccating for dried
samples).

Lipid (Fat) Content Lipid con
tent should be measured by the
Bligh and Dyer (1959) chloro-
form-methanol extraction proce
dure. Acetone extraction proce
dures are not recommended be

cause sugars are extracted in the
acetone-water menstruum and



would be counted as part of the
lipid fraction.

Visual Contaminants Use

the standard Japanese method for
assessing visual contaminants.
The technique is as follows: Ten
grams of thawed or fresh surimi
is weighed (Fig. 1), then com
pressed to a thickness of 1 milli
meter or less between clear glass
or plexiglass plates (Fig. 2) (ap
proximately 10 cm x 10 cm). Ob
jects 2 millimeters or more in
length or diameter are counted as
one; objects less than 2 millime
ters in length or diameter are
counted as one-half. The sum is

reported as the number of visual
contaminants per unit area.

Figure 1. Weighing thawed surimi
on glass plate

Figure 2. Dark specks of belly lining
and other particles are easily visible
in the compressed surimi sample



pH Measurement Tengrams
of dilute thawed or fresh surimi

are added to 190 milliliters of wa

ter (Fig. 3) and are blended thor
oughly prior to the measurement
(Fig. 4). The pH meter used for
measurement should be properly
calibrated, and the electrode,
clean (Fig. 5). Also keep in mind
how temperartire may affect the
measurement. Fresh surimi or

minced fish samples may exhibit
drift in the reading during mea
surement. This can be prevented
by using a 5mM sodium
iodoacetate solution (adjusted to
pH 7.0) instead of plain distilled
water as the diluting medium.

Rapid Methods Many proces
sors do not have the laboratory

Figure 3. Add saline solution and
surimi to blender container

Figure 4. Mixer used to prepare
sample

Figure 5. Measurement of slurry pH



facilities to conduct all of the

standard compositional tests
given above or may prefer to use
less laborious and more rapid
methods. Any rapid analysis sys
tem chosen should compare di
rectly with the standard method
for accuracy and precision of re
sults. Rapid protein deterrnina-
tion methods include near infra

red analysis, titration, colorimetric
techniques and calculation by dif
ference from rapid fat and mois
ture analysis. Rapid moisture
techniques include methods
based on microwave ovens, heat

(infrared) lamps, dielectric/ca
pacitance/resistance measure
ments, near infrared reflectance
analysis, titration and automated
conventional ovens. Rapid lipid

analysis systems are also offered.
Private laboratories can test

samples for proximate analysis
(fat, protein, moisture, ash) by the
standard methods.

FUNCTIONAL

PROPERTIES

Functional properties can be
defined as the effects an ingredi
ent has on either the organoleptic
properties of a food (flavor, odor,
texture, appearance, etc.) or on
the processing properties of the
food (pumpability, extrudability,
resistance to tear or breakage,
etc.). This definition indicates

that a functional property is af
fected by the quantity of ingredi
ent added to the food and by the
manufacturing process.

Functionality measurements
are best made by preparing and
processing an ingredient using
the normal manufacturing pro
cess. If the ingredient is a major
part of the products it is used in,
such as surimi in kamaboko/ana-

log products, it is unnecessary to
add most other ingredients
(starch, proteins, etc.) to evaluate
its functionality. Instead, the
surimi may be chopped with salt
and sufficient water added to ap
proximate the solids content of
the finished product. Then the
paste may be cooked by a
method similar to that used in

manufacturing the produces).
All measurements of organo

leptic and/or physical (i.e., "func
tional") properties should be



made on a cooked model prod
uct. The preparation procedure
for the test product is basically
identical regardless of the prop
erty measured. However, thermal
process effects may be important
to measure. Surimi is known to

sometimes contain protein-de
grading enzymes that are heat-ac
tivated and that may adversely af
fect gel-forming ability. Also, the
gelling properties are sensitive to
the time and temperature of heat
ing and dependent upon species
and other factors (i.e., each spe
cies may respond optimally to a
different processing schedule).
Therefore the model test sample
should be prepared by the more
appropriate of five standard time/
temperature schedules. These

will enable the processor to accu
rately estimate the performance
of the surimiwhen subjected to
almost any process schedule.

The model product will be
representative of most current

surimi applications and will pre
dict performance in almost any
heated muscle food or protein gel
product. Thus an evaluation of
the appearance (color), flavor/
odor and texture of this model

gel gives information that should
correlate with the attributes of a

commercially produced product
containing surimi. Since each

manufacturer's process and food

formulations vary, establishing the
exact correlation between test

data and final product attributes is
the task of the individual manu

facturer.

Preparation of the Model
Test Product Use the follow
ing equipment and procedure to
prepare the model test product:

EQUIPMENT AND MATERIALS

• Stephan Vertical Cutter/Mixer
(Laboratory model, UM-5 [Fig.
6] or UM-12 [Fig. 7D equipped
with serrated blades, vacuum
pump and fittings. Use of
non-vacuum comminution

equipment, such as a food
processor or a silent cutter,
will incorporate air into the
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product and distort the mea
surement.

Water baths, equipped with
temperature control and of
sufficient capacity to maintain
set temperature when initially
loaded with (cold) samples.
Manual sausage stuffer, prefer
ably crank/piston type, such
as Vogt series 9, equipped
with appropriate sized horn
for tubes being filled.
1.9 centimeter (i.d.) stainless

steel, polycarbonate or teflon
tubes of an appropriate
length, equipped with water
tight seals and caps. Samples
made in these tubes are pri
marily for the gel-forming
evaluation; about 20 centime

ters in length is right for this

Figure 6. Vacuum cutter-mixer with
5-liter bowl

Figure 7. Vacuum cutter-mixer with
12-liter bowl



purpose. Other sized contain
ers may be used as appropri
ate for flavor and color evalua

tions. A silicone- or lecithin-

containing release agent spray
(such as Pam®) is needed to

prevent sticking, and immers-
ible trays for holding and
transferring the tubes are de
sirable. Sausage casings may
be used for sample prepara
tion if careful attention is paid
to obtaining a uniform stuffing
pressure and diameter. These

parameters must be adjusted
and controlled to yield mea
surements equivalent to the
use of rigid tubes.
Ice bath

Thermometer

• Balance(s) for accurate weigh
ing of materials

• Laboratoiy grade sodium chlo
ride (salt)

• Tongs, knives, spatula
• Optional: Vacuum packaging

machine with heat sealer, plus
appropriate plastic bags

PROCEDURE

1. Remove surimi blocks from

freezer and temper at room
temperature for 1 hour or in

refrigerated tempering room
to approximately -5 C (Fig. 8).

2. Cut the surimi blocks into

slices or chunks (Fig. 9) and
weigh them in a tared pan.
Then load directly into the

Figure 8. Tempering frozen surimi
blocks

Figure 9. Slicing partially tempered
blocks of surimi into chunks
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cutter/mixer bowl (Fig. 10)
(blade in place prior to load
ing). To function efficiently,
the vertical cutter/mixers re

quire a minimum of 1.2 and
3.0 kilograms for the 5 and 12
liter bowls, respectively.

3. Secure the lid and run the cut

ter/mixer at a low speed (no
vacuum) until the material is

reduced to particles (Fig. 11).
Sprinkle salt (Fig. 12) (2 per
cent on total batch weight ba
sis) and ice/water (Fig. 13)
(sufficient to obtain 78 percent
final moisture content on total

batch weight basis) evenly
over the surimi. To calculate

the amounts of salt, surimi

and ice/water to add, refer to

Figure 14.

Figure 10. Partially tempered chunks
of surimi loaded into cutter-mixer

Figure 11. Appearance of surimi fol
lowing low-speed cutting for a brief
time

Figure 12. Adding salt to chopped
raw surimi

Figure 13. Adding water (or ice) to
chopped raw surimi
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4. Secure the lid and begin chop
ping again at low speed with
no vacuum. Gradually in
crease the speed to a maxi
mum of 2,000 rpm (adjustable
speed models) or high speed
on two-speed models. When
the mixture becomes a single
mass, turn on the vacuum

pump and obtain a vacuum
of approximately 20 to 25 mm
Hg. (Fig. 15). During commi
nution, rotate the stirrer, alter

nating directions after a few
turns to ensure that paste is
scraped from the walls and
forced down into the blades.

Continue in this manner until

a temperature of 5 to 7 C is
obtained (Fig. 16). Then dis
continue chopping.

„

Figure 15. Vacuum gauge should in
dicate 20 to 25 millimeters of
vacuum during subsequent chop
ping

Figure 16. Temperature should re
main well below 10 C



7. Transfer the paste to the sau
sage stuffer with a minimum
of air incorporation. Vacuum
packaging is an effective
means of doing this. Fold the
ends of a vacuum bag out
ward over itself. This will pre
vent surimi paste from getting
on the inside of the open end
of the bag and interfering with
a proper seal. Use a long
stem spatula to fill the bags
full of surimi paste (Fig. 17).
When the bag is two-thirds
full, flip the ends up and place
the bag in an ice bath for
transfer and holding. Vacuum
package/seal the bag to elimi
nate large air pockets caused
by transfer to the bag (Figs. 18
and 19). Prior to loading into

Figure 17. Loading plastic bag with
chopped surimi paste for air re
moval

Figure 18. Remove large air pockets
in the bag with vacuum packaging
machine

Figure 19. Open and reseal bag to
achieve good air removal
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the stuffer, massage the paste
away from one end of the bag
and cut the bag open (Fig.
20). Place the bag at the bot
tom of the sausage stuffer with
the open end nestled firmly in
the exit port of the stuffer (Fig.
21). Do not allow surimi to

remain unrefrigerated for
more than a few minutes prior

to stuffing.
8. Spray tubes with release agent

prior to filling (Fig. 22). Ex
trude the paste uniformly and
without air pockets into tubes
with the stuffer (Figs. 23 and

Figure 20. Cut bag open

Figure 21. Load into manual stuffer

Figure 22. Spray stainless steel
tubes with lecithin release agent

Figure 23. Stuff tubes by inserting
over stuffing horn



24). Seal both ends (Figs. 25
and 26), and place in an ice
bath until ready to heat pro
cess.

9. Immerse filled tubes in water

bath(s) (Fig. 27) previously
equilibrated to the proper
temperature. The proper
time-temperature relationships
for thermal processing, as de
termined from heat-penetra
tion curves, are:

Low temperature setting
ability: 0 to 4 C for 12 to 18
hours, followed by 90 C for 15
minutes.

Median temperature setting
ability: 25 C for 2 hours, fol
lowed by 90 C for 15 minutes.
High temperature setting
ability: 40 C for 30 minutes,

Figure 24. Pull away as the material
is extruded

Figure 25. For stainless steel tubes,
a rubber stopper is placed on one
end and the other sealed with a
screw cap

Figure 26. Clamp the rubber stopper
to prevent popping off during cook
ing as the paste expands (if tubes
are to be fully immersed in water)
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followed by 90 C for 15 min
utes.

Detection of protease activ

ity: 60 C for 30 minutes, fol
lowed by 90 C for 15 minutes.
Rapid cooking effect: 90 C
for 15 minutes.

Color and flavor determina

tions are made on samples
cooked only at 90 C (rapid
cooking effect). As mentioned
earlier, these samples may be
cooked in containers conve

nient for the sample shape
and size needed for measure

ment (described later).

10. After heat processing, quickly
transfer tubes to an ice water

bath (Fig. 28) and allow to
equilibrate in temperature (0
C). Then remove gels from

Figure 27. Tubes are loaded into a
rack in the water bath for heat pro
cessing

Figure 28. Immediately after heating,
cool tubes in ice/water mixture

Figure 29. Remove cooked gel cylin
ders (a teflon plunger may be
needed) and seal in plastic bags



tubes with a plunger (Fig. 29),
and seal in plastic bags. Keep
samples refrigerated until test
ing. Samples should be tested
within 24 to 48 hours.

Determination of Gel-Form

ing Properties To determine
the gel-forming ability of surimi,
measure the fundamental Theo

logical properties of the model
product when strained (deformed
by tension, compression or shear)
to failure (breakage). For surimi
gels (which are very cohesive), a
torsional (twisting) deformation is
the only geometry of measure
ment that will enable a precise

calculation. The test is conducted

on milled samples in a specified
testing fixture.

EQUIPMENT NEEDED

• Torsion gelometer fixture}:
• Millivolt strip-chart recorder or

data-logging computer}:
• Specimen milling machine^
• Styrene sample mounting

discs$

17

• Mounting jig for attaching discs
to sample^

• Sample length cutting jig}:
• Cyanoacrylate glue
• Calipers (metric)

*Check supplier list (Appendix
3) for names and locations of

companies that can provide
the above equipment.

PROCEDURE

1. Allow refrigerated samples to
reach room temperature (near
25 C) before testing. In cold
environments, it is recom

mended that samples be held
in a closed container in a water

or sand bath at 25 C prior to
testing. Cut samples to a length
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of 28.7 millimeters with a guil
lotine jig (Fig. 30).

2. Glue sample to styrene mount
ing discs with cyanoacrylate
glue. Use the mounting jig to
ensure alignment of the
notches on the styrene discs.
Apply glue to each disc before
contact with the sample (Fig.
31). Use glue sparingly,
spreading over the entire con
tact area. Be careful to place
samples in center of mounting
discs (Figs. 32, 33 and 34).

3. Mount the sample in the mill
ing machine by aligning the
pins in the notches of the sty-

Figure 30. Gel cylinders are cut to
size

Figure 31. Cyanoacrylate glue is ap
plied to a mounting disk

Figure 32. The gel cylinder is placed
in its center

Figure 33. Glue is applied to a sec
ond disk



rene end discs (Fig. 35). Ro
tate the sample-holding section
into position to slowly advance
the sample into the cutting
wheel by turning the crank
(Fig. 36). The 6-inch diameter
cutter rotates at 3,450 rpm.
The rotational rate of the speci
men should be approximately
20 rpm. The minimum diam

eter of the milled portion of
the sample should be exactly
1-centimeter. Occasionally
check for accuracy with cali
pers.

4. Mount the milled sample in the
torsion fixture by aligning the

Figure 34. The disk is applied to the
top of the sample

Figure 35. The mounted sample is
loaded into the milling device

Figure. 36. The sample is milled by
moving it into the milling wheel

Figure 37. The minimum diameter of
the milled sample is periodically
checked with a caliper
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bottom pins into two notches
at the end of the styrene disc.
Then turn the knurled knob of

the fixture to engage the top
pins in the top disc (Fig. 38).
The sample should be held
firm and vertical but not com

pressed in the fixture.
5. Zero the strip chart pen or data

logger if necessary. With the
strip chart running (Fig. 39) (20
cm/min), turn on the

gelometer motor (Fig. 40) (2.5

Figure 38. The milled sample is
mounted into the torsion device

Figure 39. The torsion gelometer de
vice with data feed to a strip chart
or small computer



rpm setting). Allow it to rotate
until the sample breaks (Fig.
41) (the chart pen will deviate
sharply from an upward move
ment back toward the

baseline). Then turn the vis

cometer and strip chart off.
6. From the strip chart recording

(Fig. 42) (or logged data if a
data logging computer is
used), measure the chart travel

distance (angular deformation)
and torque (digital viscometer
reading) at breakage. Calculate
stress and true strain at sample

1
--

*^^!^fc

' irai 1
E cL

Figure 40. The test is initiated by
turning on the motor; torque is indi
cated by the digital meter

Figure 41. The sample is twisted to
the point of failure (breakage)



22

failure by the following equa
tions:

Shear Stress =1 =1581 x (vis
cometer max digital torque
units)

Strain = Y= 0.150 x (chart travel

distance, mm / chart vel, s)
- 0.00847 x (viscometer max

digital torque units)
True Shear Strain = In [1+

(Y2/2)+ YCL+Y'AO0-5]

Program these computations
onto a calculator or computer
spreadsheet for ease of use. A
computer can be used to auto
mate the twisting and to report
data directly as fracture stress
and fracture true strain. Report

shear stress and true shear

strain.

Breakage/Sample Failure

Start Test

ANGULAR DEFORMATION

•u
m

>

o
jO

O
C
m

Figure 42. Torque and angular deformation at failure areeasily determined
from the strip chart recording



INTERPRETATION OF SHEAR

STRESS, TRUE SHEAR STRAIN

MEASUREMENTS

These two primary and inde
pendently measured mechanical
properties indicate the strength
(stress) and cohesiveness (true

strain) of a surimi gel. An X/Y
plot of these two measurements
provides a textural "map" of the
gel-forming properties of surimi
(Fig.43). Shear

Stress

(strength)

Brittle

Mushy

Shear Strain at Failure

(cohesiveness)

23

Tough

Rubbery

Figure 43. Textural "map" of torsional stress showing the relationship to sen
sory terms describing textures of surimi gels
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Experience has shown that
moisture content and heating
temperatures primarily afreet ver
tical movement (stress) on this

plot. Horizontal movement (true
strain) is more affected by the
freshness of fish used to make

the surimi, the degree of washing
and the temperature control exer
cised during its manufacture.
Specifications for surimi can be
depicted as a square or circular
"window" on such a plot to de
termine if mcorning or outgoing
product conforms to specifica
tions.

Determination of Color it is

best to measure the color of

surimi instrumentally rather than
by visual comparison with photo

graphs. Any colorimeter or
spectrocolorimetercapable of ac
curately measuring color in the
CIE LAB scale is suitable. In this

scale L* denotes lightness on a 0
to 100 scale from black to white;

a\ (+) red or (-) green; and b\ (+)
yellow or (-) blue (Fig. 44).

Surimi will have L* values well

above 50 and positive but low
values of a* and b*. To increase

the accuracy and reproducibility
of measurements among instru
ments, a calibrated color tile ap
proximating the color of high
quality pollock surimi is used in a
Hitch Standardization procedure.
This "Hitching Post" technique
will reduce differences in subse

quent color readings between dif
ferent instruments for the pur

Figure 44. The L\ a*, b* color space



poses of measuring surimi. The
surimi Hitch Tile is available from

die National Fisheries Institute

through Hunter Associates Labo
ratories (Reston, Va.)

The standard technique for
measuring the color of surimi is
as follows.

1. Prepare a cooked gel sample
(use the 90 C cooking tech
nique described earlier) that is
at least 5 centimeters in thick

ness and at least twice as large
in diameter as the size of the

measuring port on the instru
ment.

2. Standardize the instrument as

per the manufacturer's instruc-
tions. Then follow the

manufacturer's instructions for

Hitch Standardization. This

normally entails first keying in
the calibrated values printed
on the back of the Hitch Tile

in the same scale, observer

angle and illuminant (Fig. 45).
Then read the tile as you
would any sample (Fig. 46)

Use optically clear glass to
protect the instrument when
measuring the surimi. If this is
done, the instrument should

also be standardized through
the glass.

3. The sample is then measured

Figure 45. Enter the color coordi
nates of the Hitch tile into the

memory of the colorimeter

Figure 46. Reading the Hitch Tile
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with the 2 degree observer and
illuminant D65 (Fig. 47). The
color values obtained are re

corded with the illuminant, ob

server angle and instrument
type. Readings from three du
plicate samples should be av
eraged.

A larger viewing port is
more desirable for better sur

face averaging per reading,
particularly when the surimi
contains significant numbers
of visual contaminants

("specks").
A "whiteness" index help

ful for overall color evaluation

of surimi is determined as: 100

minus the distance in color

space from the point of maxi
mum whiteness to the point

that represents the sample
color. This is calculated as:

whiteness = 100 - [(100 - L')2 +

a'2 + bT-5

Many other formulas for
whiteness calculations have been

published (ASTM, 1987; Wyszecki
and Stiles, 1982). When a white
ness measurement is specified,
the method of calculation should

also be stipulated. However,
when specifying the color of
surimi, all three primary values,
i.e. L*, a', b', should be given re
gardless of whether a whiteness
value is calculated. The color

Figure 47. Measurement of the
sample color



measuring instrument should also
be specified (ASTM, 1987).

Determination of Flavor and

Odor Evaluations of flavor and

odor are subjective and can not
be made by objective, quantita
tive methods. For purposes of
commerce, buyers and sellers
must define their own set of fla

vor/odor criteria. For research

purposes, conduct flavor/odor
profiling of samples using trained
panels to measure the predomi
nant flavor/odor notes and their

intensities. Samples used for fla
vor/odor analysis should be pre

pared by cooking to a minimum
internal temperature of 85 C for
25 minutes. Distinquish between
those flavor and odor characteris

tics common to the species or
due to the normal additives ver

sus those that are indicative of

spoilage or poor handling.
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Traditional Japanese Testing Methods
29

TheJapanese originally devel
oped the surimi industry and a
set of empirical methods for mea
suring surimi functional proper
ties. However, the methods vary
from companyto companyand
technologist to technologist. This
can lead to confusion in interpret
ing results. A thorough compari
son of the present U.S. standard
methods was made with the pub
lishedJapanese methods in 1985
(Lanier et al., 1985). It highlighted
significant errors in measurement
that can be expected with the
Japanese methods. Nonetheless,
the current domination of the

surimi industry by the Japanese
will doubtless see the persistence
of their methods in our industry
for some time to come.

Other techniques have been
proposed and used by research
ers for routine quality control that
are rapid and that yield measure
ments which have limited useful

ness. In manufacturing, it may be
useful to employ measurement
techniques that are more rapid
than the standardized methods

even when accuracy or precision
may be compromised. Although
such methods may have utility for
in-house requirements, they do
not always accurately or precisely
predict the true gel-forming po
tential of surimi. Thus they
should not be used for writing
specifications in general com
merce.

In 1980, the Tokai Regional
FisheriesLaboratory developed
more uniform grading procedures
for surimi produced byJapanese
land-based plants and factory
ships. Cooperating in this effort
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were the Deep Sea Trawlers As
sociation, the Hokkaido Surimi
Association, the Kamaboko
Manufacturers Association and

the All-Japan Frozen Fish Meat
Association. These Japanese

standard test procedures were
summarized by Shimizu (1981)
and Lee (1984). They are repro
duced in Appendix 1. The fol
lowing is a commentary on these
methods. It is divided into tests

performed on raw surimi and on
a cooked gel (kamaboko) proto
type.

RAW MATERIAL

TESTS
Tests conducted on raw

(uncooked) surimi samples for
pH, color, water holding (drip
under pressure) and viscosity are
indicators of functional properties
that are only fully expressed
when the paste is heat treated to
form a gel. For example, the pH
and water-holding properties of
raw surimi are related to the wa

ter-holding and gel-forming prop
erties of cooked gels. However,
they do not necessarily accurately
predict the latter.

Color (whiteness) is affected
by protein coagulation in heated

surimi samples and by the en-
trainment of air bubbles in either
the heated or raw sample. Both
lead to increased light scattering
and a whiter color.

Viscosity is a useful indicator
of protein quality because it de
creases dramatically as the pro
tein denatures. However, cases

have been documented in which
viscosity of the raw surimi paste
did not conelate with cooked gel
texture among varying samples
(Kim et al., 1986).

The test for viscosity of a
salted, diluted surimisample (Ap
pendix 1: A.l.d.) is similar to that
documented by Borderias et al.
(1985). It employs measurement
of the viscosity of a salt solution



of surimi using a Brookfield vis
cometer (Fig. 48). It is useful as
a rapid way to estimate the qual
ity of the protein in frozen fish
samples.

The viscosity of a salted, un
dilutedsunm\ paste is an impor
tant factor in its machinability
during manufacturing. The
above test, being conducted on a
dilute extract of the paste, is not
helpful. A piston-type extrusion
viscometer (Fig. 49), mounted in
an Instron Universal Testing Ma
chine, is best used for this mea

surement. The viscosity is calcu
lated by measuring the force re
quired to extrude the paste
through a nanow capillary at any
particular rate (crosshead/piston

Figure 48. Measurement of the ap
parent viscosity of dilute solutions
of surimi to estimate quality of the
surimi
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Figure 49. A piston-type extrusion
viscometer fixture mounted to an

Instron Universal Testing Machine
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speed). Two different lengths of
capillary (Fig. 50A) are used se
quentially during the measure
ment to allow subtraction of the

frictional forces; each is inserted

into the device prior to a test (Fig.
50B). The surimi paste is loaded
into the viscometer with a sau

sage stuffer fitted with a large di
ameter horn. This measurement is

described in more detail by Kim
et al. (1986).

Because these tests on the raw

surimi are indirect measurements

of the properties important to the
food processor, direct measure
ments on a fully cooked gel are
preferable and should be used to
assess the functionality of surimi.
Otherwise, it is possible that a
surimi sample may display unde

sirable traits in indirect tests yet

perform well in the product ap
plication (and vice versa).

The specified tests for mois
ture content, pH and impurities
are straightforward and represent
a common-sense approach to
these simple measurements. As
mentioned, rapid tests for mois
ture content are now available.

They are finding acceptance in
the Alaskan surimi industry.

COOKED GEL

(KAMABOKO)
TESTS

Preparation of Test Samples
The type of comminuting ma
chinery is not specified in the
Japanese methods (Appendix 1:

Figure 50A. Long and short capillary
tubes for viscosity determination

Figure 50B. Inserting a capillary
tube into the viscometer fixture



B.l.a). Nor is a precise time or fi
nal temperature for chopping/
grinding specified. This is a criti
cal step in preparing the samples.
The degree and time of commi
nution and the amount of air in

corporation are factors that can

affect the textural properties of
the finished product.

The option of including potato
starch (at one of two levels) is

given. Starch inclusion will in
crease the punch force measure
ment to a degree dependent
upon the quality of starch and the
amount of water it imbibes dur

ing cooking. The punch force is
also affected by the moisture con
tent of the sample, which is not
standardized by this protocol.

The chopped paste is stuffed

into shined (folded) casings (Ap
pendix 1: B.l.b) (Fig. 51). This
procedure specifies a 48-millime
ter diameter casing, but the indus
try commonly uses a 30-millime
ter casing (Lee, 1984) shown in
the figure. [The stuffing pressure
and technique also affect the
measurement (Lanier et al., 1980;

Lanier et al., 1985; Babbitt and

Reppond, 1988) and can vary
more when casings, rather than
rigid tubes, are stuffed.]

The stuffed casing is placed in
a hot (90 C) water bath (Appen
dix 1: B.l.c) and kept fully sub
merged by weighting the casings
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Figure 51. Extrusion of the surimi
paste into casings
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or placing them under a frame
(Fig. 52). By heating the samples
using the direct cook method, the
low temperature setting ability
cannot be measured or the levels

of heat-activated proteases
present cannot be estimated. Al
though the Japanese protocol
does allow for a suwari (setting)
measurement, the procedure is
not specified.

Gel Texture Measurement

Techniques Either an Okada
gelometer or an electronic rheo-
meter is specified (Appendix 1:
B.2.a). The Okada gelometer
(Suzuki, 1981) is an early device
that drives the plunger with con
stantly increasing force (variable
speed) as water is poured into

the plunger cup. Reported
speeds for the plunger are much
slower than those of the modem

rheometer, which drives the
plunger at a constant speed (vari
able rate of force increase). Al

though relative differences be
tween samples will remain about
the same regardless of plunger
speed, absolute values will not.
Faster speeds yield higher force
readings at fracture. Therefore,
the speed of the plunger should
be specified and constant. The
Rheo Food Checker, a common

instrument used for this test, has

Figure 52. Inserting stuffed casings
under a rack ensures full submer

sion during heating



a probe speed of 60 millimeters/
minute.

The cooled samples are
peeled to remove the casing (Fig.
53) and cut to height (similar to
the method depicted in Fig. 30)
prior to testing. The cut samples
are centered under the rheo-

meter's plunger (5 mm diameter
spherical head), and the test be
gun (Fig. 54). The test curve will
resemble that generated by tor
sion testing (Fig. 42): a nearly lin
ear response of force versus de-
formation to the point of failure.
However, the shape changes that
the sample undergoes during
punch testing on this rheometer
preclude an accurate calculation
of the stress and strain at the

point of breakage (Hamann and

Figure 53. Peel casings before cut
ting samples from cooled gel
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Figure 54. Electronic punch test ma
chine
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Lanier, 1986). Consequently, the
results of this test will not neces

sarily correlate with the tme stress
and strain.

Only within certain limitations
is it possible to use punch test
data to estimate the U.S. standard

ized test scores of stress and

strain. Extensive experimentation

(Lanier, unpublished data) has
provided a means of roughly esti
mating the stress/strain properties
of gels from punch test data by
the following equations.

Stress = 4.9746 + 0.1135 (Punch

Force, g) R= 0.97
Strain (tme) = 1.4365 +

0.082 (Punch Deformation, mm)

R = 0.69

The correlation coefficient (R)

for the stress value prediction is
better (R = 1.0 indicates perfect
correlation) than that for the

strain value prediction. This indi
cates that the punch test is least
reliable as a predictor of the co
hesiveness (tme strain) of a

surimi gel. These equations were
found to be valid only under lim
ited conditions:

1. When the surimi being tested is
high in moisture content and
contains high quality protein,
the punch test will likely yield
erroneous measurements. It is

best to conduct measurements

at 78 percent moisture content.
But the equations should be

correct for gel moisture con
tents in the 74 to 80 percent
range.

2. The equations should be used
only with samples of gels that
pass the Japanese double-fold
test (i.e., a 3-mm slice of gel
folded twice without cracking).
This would correspond to a
true strain value of at least 1.9.

3. Punch test results must be ob

tained at the same crosshead

speed (60 rnm/min) and using
the same type probe (5-mm
spherical end) as the Rheo
Food Checker. Any departure
from the procedure outlined
will result in substantial devia

tions of the readings.



For the purposes of trade and
contracts, the producers and us
ers of surimi should conduct the

standard torsion test even when

routine use of the punch test in-
house is deemed desirable. The

punch test overestimates the gel
ling ability of higher quality
surimi protein relative to mea
surements made by torsion
(Hamann and Lanier, 1986).
Therefore, punch measurements
are not useful for predicting the
gelling properties of surimi
blends (e.g., in least cost formula
tion).

As has been explained, the
texture of surimi gels is at least a
two dimensional attribute

(strength, cohesiveness). The
Japanese testing procedure (Ap
pendix 1: B.2.a.) calls for calcula
tion of "jellystrength" as the
product of these two variables.
This obscures the contribution of

each to overall gel texture. For
example, a soft but cohesive gel
would yield the same score for
jelly strength as a firm yet brittle
sample. Also, since the punch
force value is inversely related to
the moisture content, one com
mon ploy to increase the "jelly
strength" of poor quality surimi is
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to decrease its moisture content.

This does not improve the gelling
properties of the surimi but
merely covers up the poor qual
ity.

The sensory test described for
textural gel analysis (Appendix 1:
B.2.d.) is more subjective than in
strumental methods and less pre
cise due to variability in scoring
among judges. Like the jelly
strength calculation, it also is one
dimensional, ignoring differences
due mainly to strength or cohe
siveness alone.

The folding test (Appendix 1:
B.2.e.) is conducted by folding a
3-millimeter thick slice of gel
slowly in half and then in half
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again (Fig. 55A, B, C) while ex
amining it for signs of structural
failure (cracks). The minimum

amount of folding required to
produce a crack in the gel deter
mines the score for this test.

Careful comparison of fold tests
and torsional measurements

made on identical samples has in
dicated that the fold test can dis

tinguish some differences in gel
cohesiveness (tme strain) up to a
value of 1.9. Gels exhibiting
strains at failure higher than this
(and good quality surimi com
monly ranges 2.0 to 3.0 in true
strain) are indistinguishable by
the fold test. Thus the fold test is

suitable for mainly separating
high quality from low quality
surimi. It is not sensitive to differ-

Figure 55A. A 3-millimeter slice of
surimi gel

Figure 55B. Surimi gel folded once
lengthwise

Figure 55C. Surimi folded in half
again with no cracking



ences in quality of surimi that ex
hibit good to excellent gelling
ability.

Color Measurement Tech

niques The color measure
ments specified by the Japanese
testing protocol (Appendix 1: B.2.
b,c.) do not specify the thickness
or diameter of samples. These
factors can affect the measure

ment. Whiteness is specified by
the CIE Z measurement; bright
ness, by the L measurement of
the Hunter system. These are
one-dimensional measurements

that ignore the contribution of
other components (X and Y in
CIE, a and b in the Hunter sys
tem) that may affect the visual
perception of the color.

Why the terms whiteness and
brightness were applied to these
measured values is unclear. In

the U.S. pulp-and-paper industry,
as well as in the textile industry,
additives are often used to in

crease whiteness. These addi

tives absorb energy from the ul
traviolet (non-visible) region of
the spectrum and re-emit light
(fluorescing) in the blue region.
The human eye perceives this (or
any) added energy in the blue re
gion as brightness. Although
surimi is not fluorescent, its
brightness can be measured in
the blue region. This can be ac
complished by using the Z
tristimulus value of the CIE sys
tem.

In measuring brightness, the
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above industries generally use an
empirical modification of the Z
value called Z percent (Z%),
which is calculated as 1.18103

times the Z value. The American

Society of Testing Materials
(ASTM, 1987) has a standard for
whiteness that is calculated as

4(1%) - 3Y. This whiteness index

is applicable to any leaching pro
cess. It may also be applicable to
surimi. The CIE Y value is di

rectly correlated to the Hunter L
value used for the "brightness"
measurement in the Japanese
surimi testing protocol (each de
notes lightnessof color in their re
spective systems).
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Japanese Systems of Es
tablishing Surimi Grades it
is apparent from a review of pub
lished materials that grading crite
ria are not uniform among Japa
nese manufacturers. A report is
sued by Ashenden Pacific Market
ing (1983) noted separate stan
dards for land-produced surimi
published by the All-Japan Frozen
Fish Meat Association (AJFFMA)
and the Hokkaido Surimi Associa

tion (HSA). These separated pol
lock surimi into six and four

grades, respectively. The former
encompassed moisture contents
ranging from 79 to 82 percent,
but the latter represented a mois
ture content range from 75 to 78
percent. The reason for the dis
crepancy in moisture contents

may lie in the different amounts
of cryoprotectants added under
these two different grading meth
ods (5 percent for the AJFFMA
scale and 10 percent for the HSA
scale). Also, the HSA scale is
given for salted surimi.

Surimi grading appears to be
essentially a two-step process in
Japan. The surimi is first graded
by moisture content, appearance
and perhaps freshness of the fish.
This determines the amounts of

starch to be added to conduct the

evaluation of the gel-forming
properties. According to the

AJFFMA and HSA grading proto
cols, the surimi must always ob
tain an "AA" (fold twice without

breaking) score on the fold test to
be worthy of a grade.

Despite the listing of six
grades by the AJFFMA, only three
grades of land-produced (in Ja
pan) surimi are traded. These are
special class, first class and sec
ond class. The Ashenden Pacific

report said second class product
represented nearly 99 percent of
the total land-based production.

This report also stated that for
mal grades for at-sea produced
surimi did not exist because two

companies monopolize the pro
duction of this product. It was
stated that up to six grades ex
isted. These "represented the



number of sequences through
which the product is processed
before reaching acceptable stan
dards of fineness."

Suzuki (1981) lists four grades
of salted and unsalted Alaska pol
lock surimi. There is some confu

sion in the labeling of the figure
she gives as to whether these
grades are for land-produced or
at-sea produced surimi. The
moisture range of the unsalted
grades is 79 to 82.5 percent, call
ing for the addition of starch at
the 0, 3, 5 or 10 percent level de
pending upon the moisture con
tent. The moisture levels of the

salted grades are identical to
those of the Ashenden report
(1983), while those for the un
salted grades (Suzuki,1981) are

very similar. Oddly, Shimizu
(1981) gives a similar grading
scheme for unsalted surimi (re

quiring 0 to 10 percent starch ad
dition), except for the moisture
content ranges from 77 to 80 per
cent. He references this grading
procedure as that adopted by the
AJFFMA in 1978. Sonu (1980)
also presents this same informa
tion. Miyauchi et al. (1973) pre
sented grading criteria for un
salted Alaska pollock surimi sup
posedly established by the HSA
in 1965. These are similar, but
not identical to, those given by
Suzuki (1981).

Criteria for assigning grades
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for at-sea and land-produced
surimi were presented in a 1984
Surimi Workshop in (Anony
mous, 1984) Seattle, Wash. (Ap
pendix 2). The grading scale for
land-produced surimi was similar
to that presented by Shimizu
(1981). It specified that 5 percent
cryoprotectants be added, but
Shimizu stipulated 8 percent addi
tives.

The at-sea produced product
is divided into six grades accord
ing to this report. The moisture
content is regulated tightly at a
low level in all grades. Gel
strength testing is conducted with
and without starch (3 percent re
gardless of moisture content).
According to this scheme, grade
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determination is based on the

lowest score for any one criteria.
From this discussion, it is ap

parent that grade designations
such as FA, SA, A, B, C can have

variable meaning depending
upon the supplier. Indeed sup
pliers may discount desirable
qualities that a buyer wants.
Buyers should examine a test lot
for the particular properties de
sired (i.e., buy on specifications)
rather than simply designate a
quality grade based upon the
present (confusing) criteria.



Conclusions

The development of U.S. stan
dard methods for surimi quality
determination signals a departure
from a nonstandardized, empiri
cal approach to surimi quality
measurement and specification.
The methods adopted by the sub
committee yield measurements
that are fundamental and better

correlated with sensory experi
ence. For example, stress and
strain measurements correlate

with sensory texaire evaluation of
surimi gels better than punch or
compression measurements

(Lanier et al., 1985). They also
provide a more accurate and in
dependent measurement of these
two parameters of the gel. The
enhanced accuracy eliminates
skewed comparisons of samples
varying in magnitude of either
parameter and permits accurate
prediction of the gel properties of
surimi blends (least cost formula

tion). Separation of the param
eters (i.e., stress and strain are

measured independently, unlike
with the punch test) allows differ
entiation between inherent func

tionality of protein and simple
moisture content or starch filler
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effects (Hamann and Lanier,
1986). Likewise, the CIE LAB sys
tem of color measurement com

bines the fundamental soundness

of the CIE physics-based system
of color measurement with the

more sensory-based Hunter color
system.

These methods should serve

as a model for international stan

dardization of surimi testing
methods, as they offer advantages
for both commercial and research

applications.
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Appendix 1. Japan Frozen Surimi Quality Testing Standards

Frozen Surimi Quality Testing Standards were established in 1980 as a result of several study meetings
held by interested companies, associations and the Tokai regional fisheries laboratory under the leadership of
the FisheriesAgency to decide upon the required standards for testing surimi quality.

Test

A. Raw Material Tests

1. Required Tests

a. Moisture

Testing Method

Thawing of the frozen surimi block
or portions of a block should be done
in the polyethylene bag to prevent
moisture evaporation.

Comments

These tests evaluate the quality of
surimi in its existing state

All required test items must be
implemented.

Surimi should not be removed

from the polyethylene bags for
thawing.



1

48

Test

a. Moisture (cont.)

Testing Method

Remove a test sample from the above
partially thawed surimi block.

When using a drying oven, the test
samples should be scaled in a poly
ethylene bag or bottle. After the
sample temperature reaches 0 C or
above, remove between 5 to 10 grams
in a weighing bottle, then dry at 100
to 105 C until reaching a constant
weight.

When using infrared moisture mea
surements, 5 to 10 grams of the surimi
that has been thawed by the method
described above may be cut into thin
slices and placed immediately in
the sample dish for drying.

When using the drying oven or

Comments

Error between sections of the

block can be substantial.

Placing frozen surimi into a
weighing bottle can be a cause of
error because of the dew conden

sation of the outer surface of the

container.



Test

a. Moisture (cont.)

b. pH

Testing Method

infrared moisture measurement, three
or more samples should be used, with
the average value expressed in
percentages.

Moisture (%) =

Weight before drying(g)
— Weight after drying
Weight before drying (g) xlOO

Add 45 milliliters of distilled water to

5 grams of the sample. Place in a
blender to create a homogeneous mix,
then measure with a pH meter.
Measurement should be conducted

on two or more samples and ex
pressed in average values.

49

Comments

Add water to surimi at a ratio of

nine to one.

A mortar may also be used for
blending the samples

When no pH meter is available,
BTB pH indicator paper may be
used.
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Test

c. Detecting impurities

Testing Method

Ten grams thawed surimi is com
pressed to 1-millimeterthickness or
less. Count objects 2 millimeters or
more in diameter as one and objects
under 2 millimeters in diameter as

one-half.

Score No. of Impurities
10 0

9 1-2

8 3-4

7 5-7

6 8-11

5 12-15

4 16-19

3 20-25

2 26-30

1 over 31

Comments

Impurities for purposes of this
item are defined as black

membranes, small bones, etc.

other than fish meat.



Test

2. Optional tests

a. Hunter

b. Brightness

Testing Method

Pack appropriate amount of thawed
surimi into a measuring glass con
tainer leaving no open spaces, then
immediately measure with a color-
difference meter (whiteness tester),
using the CIE (Commission Inter
nationale de rEnclairage) system XYZ
(tristimulus values) Z value. Express
values for three or more samples.

After preparing the sample in the
same manner as for Hunter whiteness

test, determine the L value of the

Universal Chromaticity Scale system
L, a and b. Express average values of
three or more samples.
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Comments

Stable measurement values have

yet to be attained for optional
tests at the current time.

Continuous efforts will be made

in the future to establish appro
priate measurement conditions to
enhance reliability so that they
may be included in the compul
sory test items.



•_

52

Test

c. Drip under pressure
c. Drip (cont.)

d. Viscosity

Testing Method

Place 50 grams of thawed surimi into
a cylinder with a diameter of 35
millimeters and a length of 150
millimeters. Apply initial load of
500 grams, then another 500 grams
after five to 10 minutes. Maintain the

load for 20 minutes, then determine

the amount of liquid dripping. Express
the amount of drip liquid against the
sample in weight percentage.

To 153 grams of thawed surimi, add
857 millilitersof 3.5 percent salt
water (for unsalted surimi the final

salt amount is 3 percent, meaning that
for salted surimi the concentration of

the salt water must be adjusted to
create a final salt content of 3 per
cent). Place this solution in a cooling
and foam — preventing mixer

Comments

Use naturally thawed surimi for
drip measurement. Cylinder will
have numerous 3-millimeter

holes in the bottom.

3.5 percent salt water should be
cooled to 10 C.

A 50-50 percent blend is accept
able too.

The mixer is specially made to
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d. Viscosity (cont.)

B. Kamaboko test

Testing Method

(Mitsubishi M310 model) for blending
at scale 1 for 8 minutes, liquid tem
perature 8 to 10 C. After leaving the
mixture for 40 minutes, use a Brook-
field viscometer (Tokyo KeikiType C)
to measure viscosity at liquid temper
ature 10 C +/- 0.5 C

1. Preparation of test samples
a-1. Non-starch samples Finelychop 3 to 5 kilograms of half

thawed surimi, using a grinder or si
lent cutter (« 5 minutes), then add salt
equal to 3 percent of surimi weight.
Blend into the fish paste. (Note time
blended. Use the grinder up to 30 min
utes; the silent cutter up to 15 minutes.

53

Comments

order.

This test produces kamaboko
from surimi under defined con

ditions for evaluating the gel-
forming ability of the surimi.

Keep the temperature of the
finished meat paste under 10 C.
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Test

a-2. Starch added

samples

b. Filling

c. Heating

d. Cooling

Testing Method

Use the same procedure adopted
with the non-starch samples; add 3
or 5 percent potato starch to the meat
paste (in terms of surimi weight),
blend for a suitable time to finish as

meat paste.

Pack about 150 grams (about 20
centimeters long) of meat paste into a
48-millimeter diameter folded vinyl-
idene chloride film (saran casing or
kureha casing), then bind both ends.

Heat for 30 or 40 minutes in 90 C

hot water.

Dip in cold water immediately after
the heat processing, then place at
room temperature after sufficient
cooling.

Comments

Potato starch should be used.

Note the amounts being added.

The packed casing is not sub
jected to a setting ("suwari")
process as a general rule. When
such a process is conducted, note
the specific conditions involved.
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2. Quality judgement
methods

a. Jelly strength

Testing Method

For test products produced as des
cribed above, conduct the following
measurements within 48 hours. Tem

peratures of test samples should be
between 20 and 30 C.

Use either the Okada gelometer or
the rheometer to determine jelly
strength. Plunger diameter should be
5 millimeters. Test samples should be
cut into round-shaped slices of length
(height) 25 millimeters, then remove
film and use as test specimen.

Place the test specimen on the mea
suring equipment sample base so that
the center of the slice surface is

directly below the plunger. Apply
load to the plunger at a set speed.

55

Comments

Optimum measuring temperature
is in the range of 20 C.

The larger the plunger diameter
the greater the variation in
force (W:g); the smaller the
diameter the greater the variation
in depression (L:cm).

The diameter of the sliced test

specimen should be approxi
mately 30 millimeters.

Note the type of measurement
equipment used for testing.
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Test

a. Jelly strength (cont.)

b. Hunter whiteness

Testing Method

When the test specimen loses its
resistance and ruptures, measure the
load (force strength) and the depth of
depression.

Express force strength with "W in
units of grams. Express depression
depth with "L" in units of centimeters.
Express jelly strength with W x L value
in units of grams x centimeters.
Obtain test specimens from three or
more tests. Express the average
measurement value for each one.

Cut test samples into round-shaped
slices of a suitable length (height)
to make test specimens. Measure
whiteness of surface and test spec
imen with a color difference meter

(whiteness meter).

Comments

The color difference meter

(whiteness meter), measurement

and value expression methods
are the same as those used in

optional test 2a.
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b. Hunter whiteness

(cont.)

c. Brightness

d. Sensory

Testing Method

Express average values for three or
more test specimens.

Cut test samples into round-shaped
slices of a suitable length (height)
to make test specimens. Measure
whiteness of the surface of the test

specimen with a color difference
meter (whiteness meter).

Express average values for three or
more test specimens.

Use as test specimens round-shaped
slices cut 5 millimeters thick. Condua

tests through a 10-point method, with
a panel of three or more skilled
testers.

Evaluations should focus on strength
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Comments

The measurement and value

expression methods are the same
as those used in optional test 2b.
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Test Testing Method Comments

d. Sensory (cont.) (texture) and pliancy (elasticity) when
chewed, with evaluation points
expressed in terms of structural
strength.

Evaluation is by a 10-step method:

Points Structural strength

10 Extremely strong (full texture)

9

8

Very strong

Strong

7

6

Slightly strong
Normal

5

4

Slightly weak
Weak

3

2

1

Very weak
Extremely weak
Fragile (fish ball-like or

olay-like)
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e. Folding test

Testing Method

The test piece is held between the
thumb and forefinger and folded to
observe the way it breaks.

The test specimen should be cut into
a round-shaped slice 3 millimeters
thick and evaluated by a five-stage
method, as follows:

Point Condition

No crack showing after folding
twice

No crack showing after folding
in half

Cracks gradually when folded
in half

Cracks immediately when
folded in half

Breaks by finger pressure

Comments

The test specimen thickness
differs from that used in the

sensory test.

59

Relationship to the conventional
evaluation method is as follows:

5 = AA, 4 = A, 3 = B, 2 = C and

1 = D.
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Appendix 2. Salt-Free Surimi Quality Standards
Grade Raw Material Test Kamaboko test (starch added) Kamaboko test (no starch)

Moisture PH Impurities Jelly
Strength

Folding Degree
of Ashi

Whiteness Jelly
Strength

Folding Degree
of Ashi

Factory Ship %
Surimi

Score g.cm

(3% starch)
Score Score Degree g.cm Score Score

1 75.0±0.5 >7.0 10.0 >900 10 10 >60.0 >680 10 10

2 75.0±0.5 7.0 >9.0 >900 10 9 >59.0 >680 10 9

3 75.0±0.5 7.0 >8.0 >850 >8.5 >8.0 >58.0 >640 8.5 >8.0

4 75.0*1.0 7.0 >6.0 >700 >7.5 >6.0 >55.0 >520 7.5 >6.0

5 75.0±1.0 7.0 >5.0 >600 >7.0 >5.0 >54.0 >440 7.0 >5.0

6 76.0±1.0 7.0 >4.0 >450 >6.5 >4.0 >50.0 >310 6.5 >4.0

Shore Plant

Surimi

force strength
only (g)

force strength
only (g)

special 77
— —

350g 10

1 78
— —

(3% added)
330

10
— — — — —

2 79
— —

300 (51% added)
10

— — — — —

out of grade 80
— —

(10% added)
300

10
— — — — —
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Appendix 3. List of Suppliers

(Lists include only those companies that provide specified equipment; non-specified equipment is avail
able from these or other suppliers.)

Stephan Machinery Corporation
1775 Westbelt Drive

Columbus, Ohio 43228

(Vacuum cutter-mixers for gel preparation)

Hunter Associates

11491 Sunset Hills Road

Reston, Virginia 22090-5280

(Hitch tiles for color measurement)

Piedmont Plastics Inc.

P.O. Box 26006

Charlotte, North Carolina 28221

(Plastic discs for torsion test)

Gel Consultants, Inc.

4205 Weaver Drive

Raleigh, North Carolina 27612

(Tubes for gel preparation; complete equipment for torsion testing)
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