2002 2004

Studies on the Taste of Salt from the View Point of Cookery Science

The Salt Science Research Foundation

Project Research Report

o SN T2 FR B



RO 2RI RS9 5 FHEEAR 2RI FE

Ty b=

HE A2+ R BH EF

7a Y= MgeER

FREERT T R
WEFETF— L

RELFREFE M)l
FBRDKELFRE HlE ALY
EEAFRF HE B

FEIERE R %5
FBRDKELF R ML A
HE R R FE A

A NS HH O OAE



RO 2RI RS9 5 FHEEAR 2RI FE

H R

FANE

BH VEF (BEFILFIEE) oo, 1
HRTRE L A A R R

EH AZE (BEHBEIER) o 3
B LB ORI EER

FH HED (BIEOKELTREE) oo, 27
BHIRINFEM ORI
4. 1 % ¥

B W (BBFILTICER) ooverrrrrrrrneee e, 41
4. 2 SHBEERETAEEKE

BH [EE (BEBRER) e 6 1

FH HED (BIEOKELTREE) oo, 87
4. 3 © &

FH HED (BIEOKELTREE) oo, 97
4. 4 91 H

F)ll BRF (RFEALTFRER) cvvvrrerrenneeennn, 107
4. 5 FTHHh

HE B (EBEELTIEE) oo, 119
IRABIRRI L &t
5. 1 % ¥

B IR (BBFOA T IER) oo 129
5. 2 8 A

Tl BT (RFEATFREE) crerrrrrrreeeeen, 139
PSS YN

ML BT (BREDIKILFIEL) oo, 145
iﬁ%’?ﬁ% & ﬁnn%’lﬁ

T AT (BIEDIKILTIER) oo, 151
FE

FA gz (FEEUEBIEREE) e 159



Na*

Na*

CI

2002

2004



Na

Na



2.4)

Cr

2,4)

1-4)



9)

5.6)

5)

10,11)

7)

8)



360° Fig. 1
SEM

Sodium Ionophore II Cocktail A

Pottasiumu Ionophore I Cocktai 1

2 M
Fig. 2 25
30 pm I mM 200 mM
World Precision
Instruments FD223 ADlInsruments Power Lab
Chart 4 1
1 mm 1
1
2 M
Fig. 3

10
59.16 mV

5 10 50 100 200 mM
49 69 mV

10 mV



cum

tip diameter: 0.8 um tip diameter:1.0 um

Fig. 1. SEM of single and double-barreled microelectrode. Left: single-barreled electrode for
measurement of membrane potential, right: double-barreled electrode for measurement
of ion potencial.
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Fig. 2. Preparation of double-barreled microelectrode for measurement of ion potencial.
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Response of Na-selective microelectrode against verious concentrated standard NaCl

aqueous solutions.  Left: profile of membrane electrode (upper) and ion electrode

(lower), right: correlation of Na ion concentration and potential difference (Ei-Em).
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Table 1. Na ion activity of aqueous NaCl solutions measured by Na-selective
microelectrode.
NaCl Na' activity (mM)
(mM) average =+ SD
10 82 =+ 0.3
100 98.0 =+ 13.9
200 190.0 = 40.0
300 260.0 =+ 37.0
400 480.0 =+ 52.0
500 660.0 =+ 276.0
1,000 2800.0 = 1430.0
4,000 9700.0 = 3270.0

Table 2. Na ion activity of aqueous KCl solutions measured by Na-selective

microelectrode.
KCl Na" activity (mM)

(mM) average =+ SD
10 3.1 =+ 0.6
100 300 = 3.0
200 580 =+ 19.5
500 120.0 = 7.8
1,000 4400 =+ 115.0
2,000 510.0 =+ 115.0

Table 3. K ion activity of aqueous KCl solutions measured by K-selective

microelectrode.
KCl K activity (mM)
(mM) average =+ SD
10 83 =+ 0.6
100 97.0 =+ 9.6
1,000 1010.0 = 94.0
2,000 21700 = 282.0
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Response of Na'-selective microelectrode against verious concentrated standard NaCl
aqueous solutions. Left: profile of single-barreled microelectrode against verious
concentrated standard NaCl aqueous solutions. Right: correlation of Na ion
concentration and potential difference (Ei-Em).
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100 mM 5 mM

100 mM
1% 8 mM
Table 6 100 mM 0.2% 1%
Table 7 2% 2.5 mM
100 mM 0.2%
2.0% 100 mM 83 mM 88 mM
Table 8, 9
100 mM
5% 8 mM
1%
Table 10
0.5% 1 mM
100 mM
0.1% 0.5% 85 mM

Table 4. Na ion activity of aq. NaCl solution co-existing with acetic acid.

NacCl acetic acid Na" activity (mM)
(mM) (mM) average+ SD (n)
0 100 1.5 + 0.7 18
100 100 90.0 =+ 94 18
0 200 02 = 0.1 18
200 200 87.0 + 10.0 18

-12 -



Table 5. Na ion activity of aq. NaCl solution co-existing with glutamic acid.

NaCl glutamic acid Na" activity (mM)

(mM) (mM) average+ SD (n)
0 10 22 % 1.6 17

100 10 110.0 + 12.0 17

0 100 47 =+ 1.1 17

100 100 1190 = 13.0 17

Table 6. Na ion activity of aq. NaCl solution co-existing with ovalbumin.

NaCl albumin Na" activity (mM)
(mM) (%) average+ SD (n)
0 0.2 53 =+ 3.4 16
100 0.2 97.0 =+ 11.0 16
0 1.0 82 =+ 52 16
100 1.0 106.0 =+ 14.0 16

Table 7. Na ion activity of aq. NaCl solution co-existing with gelatin.

NaCl gelatin Na’ activity (mM)
(mM) (%) average + SD (n)
0 0.2 09 =+ 06 14
100 0.2 83.0 = 69 14
0 2.0 25 + 09 14
100 2.0 88.0 = 55 14

Table 8. Na ion activity of aq. NaCl solution co-existing with sucrose.

NacCl sucrose Na" activity (mM)
(mM) (%) average + SD (n)
0 1.0 03 = 0.2 12
100 1.0 106.0 =+ 5.7 12
0 5.0 02 =+ 0.1 12
100 5.0 103.0 = 8.0 12

-13 -



Table 9. Na ion activity of aq. NaCl solution co-existing with starch.

NaCl starch Na” activity (mM)
(mM) (%) average+ SD (n)
0 1.0 7.8 =+ 6.6 15
100 1.0 123.0 =+ 7.5 15
0 5.0 7.7 =+ 1.1 15
100 5.0 135.0 =+ 7.0 15

Table 10. Na ion activity of aq. NaCl solution co-existing with agar.

NaCl agar Na’ activity (mM)
(mM) (%) average+ SD (n)
0 0.1 1.4 =+ 1.0 11
100 0.1 84.0 =+ 9.2 11
0 0.5 1.0 =+ 0.4 11
100 0.5 85.0 =+ 5.0 11

100 mM
Table 11-13
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Table 11. K ion activity of aq. KCI solution co-existing with acetic acid.

KCl acetic acid K activity (mM)
(mM) (mM) average+ SD (n)
0 100 1.5 0.8 18
100 100 91.0 = 8.1 19
0 200 04 = 0.2 18
100 200 920 = 7.4 19

Table 12. K ion activity of aq. KCI solution co-existing with glutamic acid.

KCl glutamic acid K" activity (mM)
(mM) (mM) average+ SD (n)
0 10 08 =+ 06 13
100 10 87.0 = 54 13
0 100 34 = 1.2 13
100 100 83.0 =+ 7.0 13

Table 13. K ion activity of aq. KCl solution co-existing with gelatin.

7

KCl gelatin K activity (mM)

(mM) (%) average+ SD (n)

0 03 =+ 02 18

100 2 90.0 = 80 18

0 2.0 02 =+ 0.1 18

100 2.0 89.0 = 79 18

50 mg PVC

THF 10 mg DDI16C5
Fig. 7 -(1- ) BBPA 140 mg
p- K-TCPB 2.2 mg THF
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Fig. 7. Structure of components of Na'-selective electrode.
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mM 1.2%
100 mM 200 mM Na® 0.6 mM Na®
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Fig. 9. Response of Na'-selective membrane ectrode against verious concentrated standard NaCl
aqueous solutions after repeated measurement.
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0.2% 1.0% Na" 09 mM 57 mM

Na® 0.2%(w/v)

Na’ 86 mM NaCl, 100 mM 177 mM NaCl, 200 mM

Na® 5 1.0%(w/v)

Na’ Table 16

Na’
SD
1% 5% Na’ 0.1 mM Na’
1.0%(w/v) Na" 80 mM NaCl,
100 mM 165 mM NaCl, 200 mM Na’
Table 17 5%(w/v) Na®

Table 14. Na ion activity of aq. NaCl solution co-existing with acetic acid.

NaCl acetic acid Na activity (mM)
(mM) (mM) average+ SD (n)
0 100 0.6
100 100 8.0 = 8.7 18
200 100 177.0 = 23.0 18
0 200 0.6
100 200 88.0 = 4.8 18
200 200 187.0 =+ 11.0 18

Table 15. Na ion activity of aq. NaCl solution co-existing with glutamic acid.

NacCl glutamic acid Na" activity (mM)
(mM) (mM) average+ SD (n)
0 10 2.6
100 10 81.0 = 77 18
200 10 1690 = 110 18
0 100 1.4
100 100 85.0 =+ 46 18
200 100 1780 = 130 18
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Table 16. Na ion activity of aq. NaCl solution co-existing with albumin.

NaCl albumin Na activity (mM)
(mM) (%) average + SD (n)
0 0.2 0.9
100 0.2 86.0 =+ 8.1 18
200 0.2 1770 = 250 18
0 1.0 57
100 1.0 110.0 =+ 84 18
200 1.0 2230 = 180 18

Table 17. Na ion activity of aq. NaCl solution co-existing with sucrose.

NaCl sucrose Na™ activity (mM)
(mM) (%) average+ SD (n)
0 1.0 0.1
100 1.0 80.0 =+ 7.8 18
200 1.0 1650 = 16.0 18
0 5.0 0.1
100 5.0 95.0 =+ 7.1 18
200 5.0 198.0 = 16.0 18
Na*
K— 3
1.0%(w/w) 1.8%(w/w)
1.5%(w/w)
0.8% Na" 1.4 mM Na"
Na®
263 mM 1.0% 401 mM 1.5%
Table 18 Na®
Na*

-21 -
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Na*

1.0% Na" 1.2 mM
Na®
Na* 83 mM 0.5% 171mM  1.0% 257 mM 1.5%
NaCl Na" Table 18
Na®
K 1.8%
Na® 3.74 mM Na"
Na* 105 mM  0.5% 219 mM  1.0% 326 mM
1.5% NaCl Na*
Table 19 Na"

Table 18. Na ion activity of agar gel.

NaCl agar Na™ activity (mM)
(%) (%) average+ SD (n)
0 0.8 1.4
0.5 0.8 136.0 =+ 17 18
1.0 0.8 263.0 + 28 18
1.5 0.8 401.0 + 47 18

Table 19. Na ion activity of gellan gum gel.

NaCl gellan gum Na¥ activity (mM)
(%) (%) average+ SD (n)
0 1.0 1.2
0.5 1.0 83.0 = 37 18
1.0 1.0 171.0 =+ 7.0 18
1.5 1.0 2570 =+ 5.1 18
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GDL

Table 20. Na ion activity of x-carrageenan gel.

NaCl K-carrageenan Na™ activity (mM)
(%) (%) average+ SD (n)
0 1.8 3.7
0.5 1.8 1050 = 30 18
1.0 1.8 219.0 =+ 69 18
1.5 1.8 326.0 = 95 18
0.5% 1.0%(w/w) 0.3%
60°C 30 80°C 120 2
Na’ 63mM  0.5% 124 mM  1.0%
NaCl Na® Table
Na" 73 mM  0.5% 147 mM  1.0%
Na"
Na®
Table 21. Na ion activity of tofu gel.
NacCl GDL heating (°C) Na™ activity (mM)
(%) (%) (min) average+ SD (n)
0.5 0.3 71 2.0
0.5 0.3 60°C, 30 min 63 + 03 2
0.5 03 80°C, 120 min 73 % 1.9 2
1.0 0.3 148 42
1.0 0.3 60°C, 30 min 124 £ 260 2
1.0 0.3 80°C, 120 min 147 =+ 42 2
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1.2%(w/w)

mM  0.8% 150 mM

Na*

Na®
1.2%
Table 9

0.4% 116 mM 0.8% 175 mM

Na*

Na*

1.2%

35%(w/w) 0.4% 0.8%
90°C 20
16 mM 0% 61 mM 0.4% 105
NaCl
17 mM 0% 57 mM

Na*

Table 22. Na ion activity of egg white gel.

NaCl heating (°C) Na't activity (mM)

(%) {min) average+ SD (n)

0.0 5 16

0.0 90°C, 20 min 17 = 0.5 2

0.4 - 61

0.4 90°C, 20 min 57 =+ 4.5 2

0.8 - 106

0.8 90°C, 20 min 116 = 6.4 2

1.2 5 150

1.2 90°C, 20 min 175 + 55 2
DD16C5

pH
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Table 1 Metal contents of agar, k-carrageenan and gellan gum

Agar K-carrageenan Gellan gum
Sodium (ug/g 4260 8950 4130
Potassium (ug/g) 204 58700 44200
Calcium (ug/g) 1980 508 4500
Magnesium (ug/g) 460 1950 1030
Iron (ng/g) 28 67 72
Phosphorus (ng/g) 191 44 1200
Chlorine (%) 0.086 0.015 0.001
Ash (%) 1.87 8.56 11
Sulfate group (%, weight in dry matter) - 20.15 -
pH 7.12 8.69 5.24
E-3305 20.0 mm 15.0 mm
1.0 mm/s 80% 25°C
30 U-1500
10°C 24
DSC
25.0 105.0°C 105.0 5.0°C 0.5°C
/min 780210 mg
MCR300
10.0 100.0°C 70.0 5.0°C
3.0 °C/min 1 Hz 0.1% 10°C 24
Wo
w w W
w w/wg 4°C 96
Time intensity
3 4 12 20.0 mm
15.0 mm 20.0M><15.0™"
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Fig. 6
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Fig. 11 CLSM images of MgCGl -induced SPI.
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Fig.12 CLSM images of MgCl, —induced SPI.
6% SPI, 0.3% MgCl,, heated at 85 °C for 30 min
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Fig. 15 CLSM images of MgCl,-induced gels of phytate-removed SPI.
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Fig.16  CLSM images of MgCl,-induced SPl gels of control SPI.
0.3% MgCl,, 1% NaCl, heated at 75 °C for 30 min
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Fig.18 Leaching rate of salts by soaking gels formed by different heating times.
@, gel formed by 5 min heating ; O, gel formed by 30 min heating
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-81 -



—_—
N
]

§ [ )
(]

» 0.9 @)
G

(@) .l

8 o6 f

© |

| . )

0 B)

£ 0.3

-

(@]

S 00 -
1 0 300 600 900 1200

soaking time (min)

Fig.19 Leaching rate of salts by soaking gels formed by different coagulants.

O, GDL-induced gel ; @, MgCl, —induced gel
phytate-removed SPI, 1%NaCl, 6%SPl|

49

s 10,

0 081 7
-+

O

|-

on

£ 061

-

(@]

o

()]

1 041

0 60 120 180

soaking time (min)

Fig.20 Effect of frozen treatments on leaching rate of salts of SPI gels.
O, frozen gel ; @, unfrozen gel
GDL-induced gels (1% NaGl, 6% SPI) were prepared at 85°C for 30 min and then

frozen at -18°C.

-82-



301

25 é/

P

20+

15- /
1A

0 10 20 30 40 50 60 70
Heating time (min)

- @O

i

—_

_

Syneresis (%)

10

Fig.21 Syneresis from gels prepared by different heating times with SPI and
coagulants.
®. MgCl,~induced control SPI gel ; A, GDL-induced control SPI| gel
O, MgCl,~induced phytate-removed SP| gel; A, GDL-induced phytate-removed

SPI gel

Table 1. Salty Taste Efficiency
NaCl concentration 1% 2%
Phytate-removed SPI 0.72 0.76
Control SPI 0.68 0.63

-83 -



1500
©
g -
@ 1000
()
S
n T
2 500-
X
©
E J
- 0 T T T T T T T J
1C 2C 1R 2R

Fig.22 Breaking stress of MgCl,—induced SP| gels.
1C: 1% NaCl control SPI gel, 2G: 2% NaCl control SPI, 1R: 1% NaCl phytate-
removed SP| gel, 2G: 2% NaCl phytate-removed SPI

601

40-

20+

Breaking Strain (Pa)

0

ic 2¢ 1R 2R
Fig.23 Breaking strain of MgCl,—induced SP| gels.

1G: 1% NaCl control SPI gel, 2C: 2% NaCl| control SPI, 1R: 1% NaCl
phytate-removed SPI| gel, 2C: 2% NaCl phytate- removed SPI

(22 [e)
o o
. °

400+ .

200+ ==

Young's Modulus (Pa)
%

I 2¢ 1R 2R
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Fig.27 CLSM images of 1% or 2% NaGl| phytate-removed SP| gels
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Fig.28 CLSM images of 1% or 2% NaCl SP| gels as controls
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n n
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+0.1M NaCI+GDL 0.3% ' ‘ '
5% -4.5 41.35 0.779 0.034
+0.1M NaCl 2.25 53.33 0.752 0.051
0. 1M NaCl  GDL 0.3% 178.6 2076 -0.063 2.536
+0.5% NaCI+GDL 0.3% 834.3 6678 0.025 9.019
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4-1
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pH

NacCl KCl MgCl, CacCl, pH
( )
pH 9.07 9.45
NaCl KCI MgCIl, 6H,0 CaCl, 2H,0 4
04 08 1.2% 0.8% NacCl
NaCl 0.5 20%
35 2 1
60 g 90+1
°C 20 4°C 24
Table 1 pH values of dil. egg white sols with various salts added
salt Concentration (%)
0.4 0.8 1.2
NaCl 9.33 9.25 9.29
KCI 9.41 9.32 9.32
MgCl, 8.60 8.64 8.52
CaCl, 8.13 7.55 7.44
Table 1 4 CaCl, pH
pH 2 N
pH 7.40=0.02
(Aml) 500 rpm 35
A 30
6,000 rpm 15 0.2 N
pH4.6 4.8
6,000 rpm 15 A
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20

04% 0.8% 1.2% NaCl
35% N8
Table 2 5%
0.8%NacCl
Table 2 NacCl 7
NaCl NaCl
0.4% 0.8% 1.2%
1 0.44 0.73 0.90
2 (= 1><1.1) 0.48 0.80 0.99
3(= 2>1.1) 0.53 0.88 1.09
4 (= 3%1.1) 0.58 0.97 1.20
5(= 4>=<1.1) 0.64 1.06 1.32
6 (= 5>1.1) 0.70 1.17 1.45
7 (= 6><1.1) 0.77 1.29 1.60
1 7 NaCl
NaCl 1
NaCl
50% NaCl
NaCl
B3%n ) 4
MgCIZ
NaCl KCI CacCl,
NaCl
KCI MgCl, CaCl,
NaCl NacCl
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Table 3
67 68°C
81°C 2
DSC Table 3 1
2
7 DSC
CaCl, 1 (Fig. 16) 2
CaCl, 2
4
77.5°C
14
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4 1.5%
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FT IR

35%
0.4% 0.8% 35% pH 7.40
Fig. 19 Fig. 20 0.4%
0.8%
pH
04 0.8 1.2% NaCl Table 2
Fig. 21
A 0.4%
0.8% 1.2%
0.4%
1.2%
Na" CI’ 0.4 0.8 1.2% NaCl
NaCl 0.52 0.92 1.32%
1.10 0.99 1.02
2
( )
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Photo Instrument unit used for elongation test of Kamaboko

Table 1 Sensory scores of Kamaboko pruduced from frozen Surimi with various salts

NaCl 3.00% 2.97% 2.97% 2.97% 2.97%
Salts MgCl, 0 0.03% 0 0 0.01%
KCI 0 0 0.03% 0 0.01%
CaCl, 0 0 0 0.03% 0.01%
Color 3 3.7* 3.6* 2.7 3.3
Taste 3 4.1* 4.0 2.8 3.8*
Texture 3 4.1* 3.1 3.8* 3.2
Total 3 3.6* 4.1 3.5 3.6*

*significant at 5% level

Table 2 Sensory scores of Kamaboko pruduced from fresh Surimi with various salts

NaCl 3.00% | 2.995% | 2.985% 2.97% 2.97% 2.97%
Salts MgCl, 0| 0.006% | 0.015% 0.03% 0 0.01%
KCI 0 0 0 0 0.03% 0.01%
CaCl, 0 0 0 0 0 0.01%
Color 3 3.0 3.3 3.3* 3.3* 3.3
Taste 3 4.0 3.7* 3.6* 35 3.4
Texture 3 3.0 2.5 3.4* 3.2 3.1
Total 3 3.8 3.5 3.5* 35 3.3

*significant at 5% level
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Table 3

Surface color of Kamaboko

Concentration of replaced salts(%)

0 1 3 | 6 |
MgCl,
L 77.38 77.56 77.42 79.67 78.45
a -3.57 -3.56 -3.58 -3.23 -3.23
b 0.79 0.72 0.66 0.62 1.10
KCI
L 76.57 79.83 80.67 80.73
a -0.57 -3.27 -3.13 -3.14
b 0.08 0.83 1.19 1.29
CaCl,
L 78.07 80.24 78.36 80.35
a -3.64 -3.24 -3.28 -3.17
b 0.26 1.11 0.68 1.43
MgCl,+KCI+CaCl,
L 79.84 80.11
a -3.23 -3.24
b 1.10 1.68
Table 4 Paired difference tests of NaCl solutuion
Test 1
NaCl(%) 3 2.91 2.7 2.4
MgCl,(%) 0 0.09 0.3 0.6
Judgement Controll 8/15 5/15 14/15*
Test 2
NaCl(%) 3 2.91 2.7 2.4
MgCl,(%) 0 0.09 0.3 0.6
Egg white(%) 3 3 3 3
Judgment Control 9/15 8/15 12/15*

*significant at 5% level
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Table 1 Content of cations and other ingredients in agar and gellan gum

2.0 cm

Agar Gellan gum
Na (ng/g) 4,260 4,600
K (ug/g) 204 44,300
Ca (ug/g) 1,980 4,730
Mg (ug/g) 460 988
Fe (ug/g) 28 60.5
P (ug/g) 191 1,180
Cl (%) 0.086 0.012
Deduction by drying (%) 20.15 10.7
Ash (%) 1.87 10.8
Sulfate group (%)
pH 7.12
1.0%
E-3305
1.5 cm 40 mm
1.0 mm /sec 25°C
1
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Fig.1 Rupture properties of agar gels containing potasssium chloride and sodium chloride. (a)rupture stress,
(b)rupture strain, (c)rupture energy, ® 0.8% agar gel, m1.0% agar gel, A 1.2% agar gel, Total
concentration of potassium chloride and sodium chloride is fixed as 1.0%.
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Fig.2 Rupture properties of agar gels containing calcium chloride and sodium chloride. (a)rupture stress,
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Table 1 Effect of different salts at 10% subsutitution to NaCl

on the sensory evaluations of 50% egg white gels (the ranking method)
item salt | control KC1 MgCL | CaCk
hardness 47 46 52 55
color 54 46 48 52
taste 40 33 60 67+*
texture 42 42 49 67+*
total evaluation 44 20%* 58 69**

Table 2 Effect of KCI substituted to NaCl at various concentrations

on the sensory evaluations of 50% egg white gels (the ranking method)
item ™| control | 10 20 25
hardness 49 56 57 44
color 36* 51 58 55
taste 43 4 54 59
texture 47 44 53 56
total evaluation 40 50 48 62*

100 W{_}—

80
s 0
g
5 40 / ;/ oKl

20 - MgCla |

ﬂ T CaCle
0 f
0 0.5 1 15
NaCl concn.

Fig. 11 Salty taste efficiency of 35% egg white gels with
0.8%NaCl, 5% substituted by 3 kinds of salts

KCI : 5%substituted:salty taste efficiency 0.97, MgCl, CaCl, :
5% substituted: salty taste efficiency 0.91, 0.91 respectively
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