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Fig. 1. Effect of seawater bittern (nigari) products on color of glucose/lysine Maillard reaction model

200 25

Nigari-A:Vis

Nigari-A:UV

- N\

150 ¢
E \

“\ 50%
\

100

Absorbance

0 m n n u 0 L L
200 250 300 350 400 400 500 600 700 800

Wave length (nm)

Fig. 2. Effect of seawater bittern (nigari) products on ultraviolet and visual absorbance spectre of glucose/lysine Maillard
reaction model
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Table 1. Effect of seawater bittern (nigari) products on browning and antioxidant activities of glucose/lysine Maillard reaction

model

Relative absorbance*

Relative antioxidant activity**

Products %(v/v) 285 nm 465 nm DPPH- Fe-reducing
A 5 1.65 1.46 1.49 1.33
15 2.83 2.50 244 1.67
50 6.09 5.29 5.65 1.82
B 5 1.61 1.75 1.39 1.28
15 243 2.35 2.27 1.58
50 5.30 5.25 5.00 2.05
C 5 1.32 131 1.26 1.05
15 1.86 1.95 2.29 1.25
50 3.86 3.62 4.95 1.90
D 5 1.52 1.65 1.39 1.37
15 1.78 2.10 2.08 171
50 343 3.50 3.57 1.86
E 5 1.33 1.50 1.32 1.03
15 1.52 1.55 1.39 1.37
50 2.39 2.30 2.50 1.71
F 5 1.18 1.10 1.19 1.18
15 1.20 1.12 0.98 0.87
50 1.64 1.67 1.67 1.11
G 5 1.74 1.19 1.13 1.25
15 1.80 1.13 1.02 1.18
50 1.48 1.02 0.98 1.11
H 5 1.74 1.14 0.89 0.87
15 1.80 1.12 0.87 0.83
50 1.48 1.17 1.02 0.95

Values are mean of triplicate measurement.
* Ratio of sample Abs./control Abs.

** Ratio of sample activity/control activity: The activities were from the concentration for 50%
DPPH radical-scavenging or for the increased absorbance 1.0 in the Fe-reducing assay system
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Fig. 3. Microplate colorimetric assay of DPPH radical scavenging capacity and ferrous reducing power
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Fig. 4. Effect of seawater bittern (nigari) products on antioxidant properties of glucose/lysine Maillard reaction model

Table 2. Major compounds (ions) in seawater bittern products (mol/L)

Products Na* NH," K' Mg* ca* F~ ClI° Br so4*

A 0.26 0.08 0.14 2.77 trace 0.01 6.15 0.07 0.25
B 0.37 0.26 0.23 3.41 trace - 6.49 0.07 0.29
C 1.81 0.16 0.38 1.97 0.05 - 4.73 0.03 0.70
D 1.60 0.29 0.39 2.00 trace trace 5.26 0.04 0.67
E 1.81 0.36 0.27 140 0.03 - 433 0.02 0.45
F 0.04 0.03 0.03 0.36 0.01 - 0.92 0.01 0.04
G 1.89 0.17 0.90 1.09 0.18 0.01 5.79 0.20 -

H 0.17 0.02 0.12 0.42 o0.01 - 0.88 0.01 0.05
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Table 3. Effect of salts on browning and antioxidant activities of glucose/lysine Maillard reaction model

Relative absorbance*

Relative antioxidant activity**

Salt mol/L 285 nm 465 nm DPPH- Fe-reducing
NacCl 0.2 1.18 1.12 1.36 1.13
0.6 1.18 1.16 1.20 1.54
2.0 1.26 1.07 1.15 1.05
MgCl, 0.1 1.05 1.02 1.03 1.08
0.3 1.08 1.00 0.97 1.05
1.0 0.97 0.77 0.77 0.77
KCI 0.2 1.15 1.12 1.22 1.16
0.6 1.18 1.16 1.13 1.29
2.0 1.26 1.07 1.20 1.22
NH,CI 0.2 0.98 1.11 1.13 1.21
0.6 1.06 1.31 1.05 1.14
2.0 1.04 1.53 1.19 1.37
Na,SO, 0.1 1.38 1.35 1.25 1.38
0.3 1.54 1.49 1.36 1.47
1.0 2.08 2.09 1.88 1.29
MgSO, 0.1 1.18 1.14 1.07 1.22
0.3 141 1.30 1.11 1.10
1.0 1.74 1.30 1.24 1.16
(NH,),S0O, 0.1 1.25 1.33 1.19 1.46
0.3 1.37 1.67 1.43 1.58
1.0 1.60 2.06 1.79 1.64
NaH,PO, 0.1 2.69 3.75 2.19 2.73
0.3 4.92 6.04 4.78 4.27
1.0 8.27 10.21 8.96 6.72
KH,PO, 0.1 2.77 3.79 2.72 2.55
0.3 4.62 5.63 4.30 3.94
1.0 7.65 8.54 9.35 5.54

See footnotes of Table 1.
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Fig. 5. Effect of salts on ultraviolet and visual absorbance spectre of glucose/lysine Maillard reaction model
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Fig. 6. Effects of nigari products (50%(v/v)) and salts (1 M)
capacity of glucose/lysine Maillard reaction model
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No. 0746

Effects of Bittern on Maillard Reaction and Antioxidant Properties
of the Maillard Reaction Product

Takashi Kuda

Ishikawa Prefectural University

Summary

To study the beneficial effects of seawater bittern products (nigari) on Maillard reaction and antioxidant
properties of the Maillard reaction product (MRP), we used 0.5 M glucose / 0.5 M lysine Maillard reaction model
that was incubated at 99 °C for 2 h.

By 5-50 %(v/v) of two nigari products, among the eight products, ultraviolet (UV) visual (Vis) ray absorbance
was remarkably increased. The two nigari products also increased 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging capacity and ferrous reducing power of the Maillard reaction model. Sodium sulfate and ammonium
sulfate (1 mol/L) increased the absorbance and antioxidant activities. On the other hand, magnesium chloride (1
mol/L) decreased Vis ray absorbance and the antioxidant activities.

However, the major mineral content and composition in the nigari products were not correlated with the
UV-Vis absorbance and the antioxidant activities in the model. Therefore we think that further study about the
effect of minor compounds in nigari products on the Maillard reaction is necessary.
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