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Difference in the physical properties of various commercial

kamaboko evaluated by puncture test
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We characterized the physical properties of commercial kamaboko, produced in various areas in Japan, by us-

ing a puncture test with 12 physical parameters. When measurement was conducted with a discoidal plunger of

0.3 cm diameter, the distance of 0.7 cm was required to avoid the effect of adjoining measurement marks. The

effect of position for the measurement on the physical properties of the sample was studied. The vertical positions

had a significant effect on the many physical parameters for all of the samples. However, the positions showing the

highest physical properties were different among samples. On the other hand, samples of sliced pieces and

horizontal positions for the measurement produced the effect for some of samples. The principal component analy-

sis of the data demonstrated that the first component explained the general physical property of kamaboko at the

breaking point in the puncture test, and the second component explained the physical property of kamaboko dur-

ing the breaking process.
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Fig. 1 Typical breaking curve of the kamaboko gel and
texture parameters analyzed. I, Force at 1/3 deforma-
tion; II, Force at 2/3 deformation; I1I, Breaking force;
IV, Breaking deformation; V, Breaking energy; VIII,
gel stiffness of the initial phase; IX, gel stiffness of the
intermediate phase; X, gel stiffness of the final phase.
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Table 1 Commercial kamaboko samples used in this experiment

Produced prefecture

Sample (City) Heating method Weight (g) Unit price (yen/100 g) Fish species

A Tokyo Steam boiled 145 138 Alaska pollack

B Kanagawa (Odawara) Steam boiled 240 333 White croacker, Lizardfish

C Osaka Broiled (Yakitoushi) 290 586 Pike eel, Lizardfish

D Osaka Steam boiled 100 250 White croacker, Threadfin
bream

E Osaka Steam boiled 120 167 Alaska pollack, White
croacker

F Yamaguchi (Senzaki) Broiled ( Yakinuki) 150 267 Lizardfish, Alaska pollack

G Kumamoto

Steam boiled 140 357 Lizardfish
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Fig. 2 Measurement points and their order in the sliced
kamaboko sample. Arrows show the measurement
order. Measurement was carried out in 0.7 cm inter-
vals.

RIE@ERR Fig. 2ICRT &1, A5 4 AR ORLK
SEWEIOEw P GEHFAC 0.7cm BIfRTHIEL, 6
WMETHZELAS, 07cm FAFAICHIESEZT 5 L
T, EmhShEHAIC 0.7 cm BIE CTRIE T ABEL <
NRL 7, BIEEEZXBT A0, 1T >OHED.
FFECh, TRLEEFECROELTR, TRAEIFECH
DETHE, A5 A4 ARG L 72 ASEH BN Bl B
TRREL T,

HMETEE 17 bILHRET 2000 (@RHSBEHRY —EA)
RN 7 &L THW, 2 AHOEEERTEIL
HEER LV, 3AHM EOREERTEICE—TRES
BoERAL, BEEZOYEE, WIhiBEKE
0.05 (MflE) Db & THo7z, T/, AEHOHM
DENE, BIEHEE S SICEAEYERELL 2L DOERE
BRI X TN L oy & O TfT - 2o LIE, &
T—ROFHEDS O, BERBENL LD LIICET—
FREBRT LI L EBERL TEY, LEEOKE#ETY 7
FAERWT T 7o ERPOEFEMBOEANIZ, ¥ a—
T RO EAED A AL Tz,

RRELUER

BETIAERNAEECRIFTHE mlRrTITEZ
DREI—AF 4 AR HFDRDE & FRED & S i &
LB BD LI EDERNL -0, —D2OH
WA EIF I HOWTE L OEFT CHERIE LT O LED
B5bB, LorL, MUHERAZIECH ZEE L THERER
THIET AHEICIE, RITHNABEIIC L 57V O
BEHAROUERFFICHELRITIREELEZ ONS,
ZITEHMENE, FRIEH->ERTcm ORI 5
Ve —tHEZEOIScm DABRTS VY —D2 O
BlLl, REVWVHDTIS VY % —DFREF07ecm TH
D, INEHACTTERRTE DAEEERET HIZ
(2 0.7 cm HRFA DRI TH - 7272, 0.7 cm Hf@THI
EBTHIEELI, LoL, BIBIC K-> THEU R
BT AAESONEMBICHET ZFEELSE 2 b,
Z T, ROPIEIZ L > TTEIARBEEL ZZRIEHSD

X X X
O x A x
X X X

Fig. 3 Measurement points for studying the effect of ad-
joining measurement marks on the measurement. O,
measurement without effect of measurement mark;
X , measurement marks made; A, measurement to in-
vestigate the effect of adjoining measurement marks.
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Table 2 Effect of adjoining measurement marks using 0.7 cm plunger on 12 texture parameters of kamaboko A
Texture parameter (unit, symbol) measurement marks mean S.D. CV.(%) pvalue
without 9.11x10¢ 1.01x10¢ 11.1
Force at 1/3 deformation (dyn, I) 0.007
with 8.09x10* 1.26x104 15.5
without 2.57x10° 2.43x104 9.5
Force at 2/3 deformation (dyn, II) 0.187
with 2.46x10° 2.35x104 9.6
without 5.44x10°  7.67 x10* 14.1
Breaking force (dyn, III) — —— 0.285
with 5.73x10° 8.88x 104 15.5
without 1.24 0.092 74
Breaking deformation (cm, IV) 0.130
with 1.19 0.11 9.3
without 2.47x105  3.89x 104 15.8
Breaking energy (dynecm, V) 0.198
with 2.31x105 3.83x104 16.6
without 6.79x 105 1.36x10° 20.0
Jelly strength (dynecm, VI) 0.865
with 6.87x105  1.56x10° 22.7
without 4.39x10° 4.00x104 9.1
Gel stiffness (dyn/cm, VII) 0.006
with 4.82x10° 5.19x104 10.6
without 2.18x 105 2.58x104 11.9
Gel stiffness of the initial phase (dyn/cm, VIII) 0.395
with 2.09x105 3.74x10% 17.9
without 4.04x105 2.73x104 6.7
Gel stiffness of the intermediate phase (dyn/cm, IX) 0.421
with 4.17x10°  6.20x 104 14.9
without 6.93x10° 1.03x10° 14.9
Gel stiffness of the final phase (dyn/cm, X) 0.003
with 8.19x10° 1.41x105 17.3
without 0.500 0.066 13.2
Ratio of VIII to VII (no unit, XI) 0.030
with 0.440 0.098 22.2
without 0.367 0023 6.34
Ratio of V to VI (no unit, XII) 0.008
with 0.342 0.033 9.66
C.V. was obtained by (S.D./mean) x 100. (n=20)
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Table 3 Effect of adjoining measurement marks using 0.3 cm plunger on 12 texture parameters of kamaboko A

Texture parameter (unit, symbol) measurement marks mean S.D. CV.(%) pvalue

without 4.06x10%  3.37x102 8.3

Force at 1/3 deformation (dyn, I) 0.124
with 3.90x 103 2.53x102 6.5
without 9.28x10%  7.58x102 8.2

Force at 2/3 deformation (dyn, II) 0.838
with 9.24x 108  5.79x 102 6.3
without 1.73x105 2.06x104 11.9

Breaking force (dyn, III) 0.416
with 1.78x105 1.60x10* 9.0
without 0.88 0.089 10.2

Breaking deformation (cm, IV) 0.786
with 0.88 0.074 8.3
without 6.38x10¢ 1.10x104 17.2

Breaking energy (dynecm, V) 0.952
with 6.41x10¢ 8.35x103 13.0
without 1.53x105 3.09x104 20.1

Jelly strength (dynecm, VI) 0.593
with 1.58%x105 2.56x104 16.2
without 1.98x105 1.33x10* 6.7

Gel stiffness (dyn/cm, VII) 0.310
with 2.02x105 1.20x104 5.9
without 1.39x105 1.14x10° 8.2

Gel stiffness of initial phase (dyn/cm, VIII) 0.117
with 1.33x105 1.24x105 9.3
without 1.80x105 1.15x10° 6.4

Gel stiffness of intermediate phase (dyn/cm, IX) 0.607
with 1.81x105 1.25x105 6.9
without 2.74x105 3.26x 104 11.9

Gel stiffness of final phase (dyn/cm, X) 0.084
with 2.90x105 2.56x104 8.8
without 0.706 0.066 9.4

Ratio of VIII to VII (no unit, XI) 0.027
with 0.662 0.059 9.0
without 0.421 0.021 5.0

Ratio of V to VI (no unit, XII) 0.045
with 0.408 0.017 4.3

(n=21)
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Table 4 Correlation coeflicients between 12 parameters obtained from 3 commercial kamaboko, A, D and E
I I I v A% VI VII VIII X X X1 XII
I 1.000
I 0.817 1.000
11 0.078 0.440 1.000
v -0.572 -0.072 0.473 1.000
\% —-0.067 0.474 0.682 0.820 1.000
VI -0.215 0.243 0.936 0.737 0.804 1.000
VII 0.646 0.615 0.652 —0.344 0.065 0.348 1.000
VIII 0.876 0.489 -0.222 -0.882 -0.503 -0.532 0.564 1.000
IX 0.881 0.712 -0.019 -0.717 -0.235 -0.324 0.650 0.902 1.000
X 0.088 0.300 0.942 0.245 0.414 0.815 0.768 —-0.086  0.042 1.000
XI 0.670 0.164 —-0.507 -0.945 —0.740 -0.749 0.273 0.908 0.706 -0.344 1.000
XII 0.592 0.126 -0.596 —-0.900 -0.706 —0.799 0.139 0.836  0.668 —0.464 0.959 1.000
Roman numerals show texture parameters and refer to Table 2.
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Relative physical value

I I m v VvV VI T T X X X

Fig. 4 Texture parameters for 7 commercial kamaboko
samples when measured by changing the vertical posi-
tions. (A)-(G) are commercial kamaboko samples as
referred to in Table 1. Increase in the brightness of
columns showed the measurement from top to bottom
or from outside to inside. Relative physical values of
texture parameters were obtained by standardization
of the parameters to mean of zero and standard devia-
tion of one using whole kamaboko samples. Original
means and S.D.s of parameters from I to X II were
(5.70+£1.37) x 104, (13.6+2.52) x 104, (27.0+8.67)
x 104, 1.02+0.24, (11.0+£4.04) x 104, (2.91£1.56) x
105, (26.7+5.08) x 104, (18.3+7.59) x104, (23.8+
4.69) x 104, (3.78+1.21) x 105, 0.68+0.23 and 0.41 +
0.071, respectively. Parameters referred to are in Ta-
ble 2. Different letters attached to columns in the iden-
tical parameter showed a significant difference.
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Relative physical value
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Fig. 5 Texture parameters for 7 commercial kamaboko
samples when measured by changing the horizontal
positions. The samples and the symbols are all the
same as in Fig. 3.
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Fig. 6 Texture parameters for 7 commercial kamaboko
samples when measurement was done with different
slices. The same symbols as in Fig. 3 were used.
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