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Table 1 Cotents of the salt

Addititives
Mixing retio of Ca and Mg
No.
NeGI(%) KO C:Mg . CfMg Cac:;Mg Ca[:)Mg CfMg
1:0 3:1 1:1 1:3 0:1

0o 90 10 0 0 0 0 0
1 89 10 1.00:0 0.75:0.25 050050 0.250.75 0:1.00
2 88 10 2.00:0 050:1.50 1.00:1.00 1.50:0.50 0:2.00 .
3 87 10 3.00:0 295075 150:1.50 0.75:2.25 0:3.00
4 86 10 400:0 300:1.00 200200 1.00:3.00 0:4.00
5 85 10 5.00:0 375:125 250250 1.25:3.75 0:5.00
6 84 10 6.00:0 450:150 3.00:3.00 150:4.50 0:6.00
7 83 10 7.00:0 525:1.75 350:350 1.75:5.25 0:7.00
8 82 10 8.00:0 6.00:2.00 4.00:4.00 2.00:6:00 0:8.00
9 81 10 9.00:0 6.75:2.25 450450 2.25:6.75 0.9.00
10 80 10 10.00:0 750250 500500 250750  0:10.00
11 79 10 11.00:0 825275 550550 275825  0:11:00
13 77 10 13.00:0 975325 650650 325975  0:13.00
15 75 10 15.00:0 11.25:3.75 7.50:7.50 3.75:11.25 0:15.00

Table 2 Amount of mainly mineral with part of possibility food from fish (mg/100g)

Fish name N a K Ca Mg P Fe Zn Cu
Treadfin-bream 85 390 46 26 200 0.5 0.4 0.05
Treadfin-bream surimis 290 17 26 12 110 0.1 0.3 0.01
Lizardfish 120 380 80 36 260 0.3 0.4 0.02
Mackerel 140 320 9 32 230 1.1 1.0 0.10
Alaska pol lock 130 350 4 32 210 0.4 0.5 0.06
Alaska pol lock surimis 120 130 1 21 130 0.1 0.3 0.03
Hoki 160 330 20 24 160 0.3 0.4 0.02
Southern blue whiting 220 320 23 4 160 0.3 0.3 0.04
Horse mackerel 120 370 21 34 230 0.7 0.7 0.08
Croaker 95 260 37 28 140 0.4 0.6 0.03
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Table 3 Frozen surimis used in the present study

Fish Grade Product Additive
Alaska Pol lock SA U.S.A Sorbitol : 5%. Sugar : 4%, PP : 0.3%
Treadfin-bream SA INDIA Sugar : 6%, PP:0.2%

White crocker AA T AHILAND Sugar : 5%. PP : 0.05%

PP : polyphosphate salt

Table 4 Number of panelist to be bitter and astringent tast
in the solution(Chloride)

Consentration of CaCl, Mixing raito of CaCl, and MgCl,

Additive Control

and MgCl, in salt A(1:0) B@:1) C@:1) D@:3) E©:1)
0%Sugar 0% 0 - - - - -
5 - 0 0 0 0 0
6 - 0 0 0 1 2
1 - 2 2 2 2 2
8 - 2 2 2 2 2
9 - 2 2 2 3 3
1 - 3 3 3 3 3
13 - 3 3 3 3 3
15 - 3 3 3 3 3
5%Sugar 0% 0 - - - - -
5 - 0 0 0 0 0
6 - 1 2 2 2 2
1 - 2 2 2 3 3
8 - 2 2 3 3 3
9 - 3 3 3 3 3
1 - 3 3 3 3 3
13 - 3 3 3 3 3
15 - 3 3 3 3 3
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Table 5 Number of panelist tobe bitter and astringent tast in the solution(Sulfide)

L Consentration of GaS0, Mixing raito of CaSO, : MgS0,
additive . Control
and MgSO, in salt A(1:0) B@:D c@:1) DA:3 E(0:1)
5%Sugar 0% 0 - - - - -
o - 0 0 0 0 0
2 - 0 0 0 0 1
3 - 2 2 2 3 3
4 - 3 3 3 3 3
5 - 3 3 3 3 3

Table 6 Number of panelist to be bitter and astringent tast in the kamaboko (Chlorid)

Consentration of Mixing raito of CaCl, : MgCl,
Fish CaCl, and MgGl, Control
in salt A(1:0)  B@:1)  C(1:1)  D(:3) E(0:1)
Alaska pol lock 0% 0 - - - - -
5 - 0 0 0 1 1
1 - 3 3 2 3 3
8 - 3 3 3 3 3
9 - 3 3 3 3 3
10 - 3 3 3 3 3
1" - 3 3 3 3 3
Treadfin-bream 0% 0 - - - - -
5 - 1 1 2 3 3
1 - 3 3 3 3 3
8 - 3 3 3 3 3
9 - 3 3 3 3 3
10 - 3 3 3 3 3
11 - 3 3 3 3 3
White crocker o) 0 - - - - -
5 - 0 0 0 1 1
1 - 3 3 3 3 3
8 - 3 3 3 3 3
9 - 3 3 3 3 3
10 - 3 3 3 3 3
1 - 3 3 3 3 3
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Table 7 Number of panelist to be bitter and astringent tast in the
KAMABOKO (Suifide)

Consentration of Mixing raito of CaSQ, : MgSO,

Fish CaS0, and MgSO, Control

in salt A(1:0)  B@:1)  ©(1:1) D(1:3) E(:1)

Alaska pollock 0% 0 - - - - -

Treadfin-bream 0% 0 - - . - B

Table 8 Rate of deposil and rate of setting KAMABOKO with frozen surimis from

fish types
Test Addititives Pricipitative ratio and setting ratio of KAMABOKO(%)
Alaska pollock Treadfin—bream White crocker
Centrifugal test 5%0CaCl, 93.1 67.2 65.5
5%MgCl, 84.1 59.1 63.7
3%CaS0, 90.1 97.3 85.2
3%MgSO0, 95.8 97.7 82.7
Elasticity'test Breaking strength 102.5 101.3 153.2
5%CaCl, . .
Breaking strain 98.3 97.5 114.1
Breaking stren, 96.6 97.6 119.8
5%MgCl, € eth
Breaking strain 103.3 92.5 112.8
Breaking strength 94.0 825 99.6
3%CaS0,
Breaking strain 90.3 89.6 98.1
Breaking strength 79.5 88.3 102.0
3%MgS0,
Breaking strain 84.1 88.7 96.2
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Table 9 Sence panel from KAMABOKO adding mineral salt

Item Fish Contorol 4%CaCl, 4%MgCl, 5%CaCl, 5%MgCl, 1%MgSO, 2%CaSO, 2%MgSO,

A 0 0.6 -1.0 -1.6 -1.1 -0.7 -0.9 -1.3
Salt taste

B 0 -0.2 0.1 0.4 0 0.3 0 0.1

A 0 -0.2 0.1 0.8 0.3 0.7 0.6 0.1
Strength of taste

B 0 0 0.4 0.4 0.4 0.5 0.3 0.8

A0 0 0.2 0.5 0 -0.1 0.3 0.5
Sweet taste

B 0 -0.1 0 0.1 0 0.1 0.1 0.5

A 0 -0.6 -0.2 -0.5 0.1 0 0 -1.1
Bitter taste

B 0 -0.1 -0.1 0.1 0.2 0.1 0.2 0.3

A 0 -0.3 0.3 -0.4 0.1 0.3 0.4 -1.1
Astringcy taste

B 0 0 0 0.3 0.4 0 0.1 0.3
A: Alaska pollock, n=>5 B: Treadfin—bream, n=7, Merit mark of sensory test : —3:Very weak or very bad, —2:Weak or bad,

—1:Slighty weak or slighty,0:Same control,1:Slightry strong or slightry good ,2: Strong or good,3 :Very strong or very good

-275-



16 3

Alaska pollock
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Fig.1 Amount of precipitation from suspension water of frozen surimi

Symbol is (O) 5%CaCl, - MgCl, solution. (A)7% CaCl, - MgCl,
solution, (O) 11%CaCl, - MgCl, solution.Deionic water does not
contain Ca and Mg.
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Fig. 3 Breaking strength and breaking strain of setting KAMABOKO
(10°C. 120min) with indention test when adding sample salt to
each SURIMI
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The Effects of Minerals Contained in Salt on the Taste and Elasticity of Kamaboko

Fujio Nishioka (Former Professor, Faculty of Bio-Industry of Tokyo University of Agriculture)
Yukinori Ishiuchi (Chief Researcher, Laboratory of All-Japan Kamaboko Makers Assosiation)
Kazufimi Matsuoka (Researcher, Laboratory of All-Japan Kamaboko Makers Assosiation)

The characteristic elasticity of kamaboko is produced by adding 2% to 3% salt to fish flesh to elicit
a high water-holding function and elasticity-forming ability from myosin. The main ingredient of
kamaboko is frozen surimi, of which consumption in Japan reaches as great as 0.4 million tons per year.
The worldwide production of frozen surimi is estimated to be approximately 0.65 million tons. With
increasing number of producing countries, the types of raw fishes vary increasingly and have included
fishes that are strong or weak on setting(suwari) ability of kamaboko.

On the other hand, the consumption of so-called mineral salt derived from ocean water and halite
has been greater with the abolition of salt monopolies and a public trend toward natural foods, and the
amount of mineral salt used for kamaboko has also been increasing. The main ingredients of mineral salt
include calcium (Ca) and magnesium (Mg), which are well known to play an important role not only in the
taste but also in the water-holding ability and setting of kamaboko.

In the present research, we assessed the effects of Ca and Mg on the taste and elasticity of fish
sausages made from frozen surimi.

<1> In the first place, we conducted tests of bitter taste with water solution. The salt level was
stabilized at 2.5%, and 10% potassium (K) was added to the salt in view of the effectiveness for human
body and effects on the sense of taste. Furthermore, solutions in which Ca and Mg were added from 5%
to 15% at intervals of 2% were prepared, and the bitter taste tests were performed with solutions at 15 °C
in 3 panelists. The results showed that all of 3 panelists answered as “bitter” for 11% solution; after the
addition of 5% sugar to solutions, the bitterest solution was 9% solution. Regardless of the
presence/absence of sugar, all the panelists answered as “not bitter” for 5% solution, and they judged that
the degree of bitterness was greater-for Mg than for Ca. <2> Frozen surimi of fishes that are strong
suwari ability (Alaska Pollock and Threadfin-bream) and weak suwari ability (White croaker) was diluted
with 7-fold greater cold water, to which Ca and Mg at the concentrations corresponding to the above levels
were added. Following homogenization, the solutions were centrifuged, and the sediments were
measured to investigate the effects on the water-holding ability of the flesh. The results showed that the
water-holding ability of the frozen minced flesh was markedly reduced with increasing concentrations of
Ca and Mg, suggesting the acceleration of suwari ability. The decreasing rate in water-holding ability
was higher for Mg than for Ca. <3> Using the above frozen surimi, 10% K as well as Ca and Mg of
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different quantities were added to salt. The frozen surimi maintained at 10 °C or lower was crushed to
prepare kamaboko. With the kamabokos, we assessed bitter and astringent tastes in taste tests and the
effects on settingability in indentation tests. The results revealed that Ca and Mg at 5% caused neither
bitter nor astringent tastes but produced a somewhat smooth taste. For Ca and Mg at higher
concentrations, however, bitter and astringent tastes became stronger with increasing concentrations. The
effects on settingability appeared significantly even in the frozen surimi of White croaker that is weak
settingability; with Ca and Mg added at as low as 5%, the breaking strength (g) and the breaking strain

(mm) of indentation tests increased.
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