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Characteristics of Seaweed Salts Prepared with Seaweeds
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Physicochemical properties and mineral composition of seaweed salts prepared by incineration and osmotic
dehydration methods were determined. As the incineration temperature increased, yield of seaweed salts, insoluble
solids, pH, alkalinity, and oxidation-reduction potential (ORP) decreased. Alkalinity of salt prepared with sea tangle
was higher than that of sea mustard. ORP decreased by incineration above 700oC, and was lower in salt with sea
tangle. As incineration temperature increased, amounts of K and Ca in seaweed salt increased, whereas that of Mg
decreased. Potassium and Ca contents of seaweed salt increased remarkably compared with those of common salt.
Potassium content of sea tangle salt was higher than that of sea mustard. As incineration time increased, yield of
seaweed salts, insoluble solid content, and pH decreased, whereas ORP of the salt increased. Potassium content of
seaweed salt with incineration time, while Ca and Na contents decreased after incineration of 8 and 4 hr, respectively.
Yield of seaweed salt by osmotic dehydration increased as immersion time in sea water increased. pH of salt from sea
mustard was higher than that of sea tangle. ORP of seaweed salt dried three times was −128.8 mV, significantly lower
than that of salt prepared by incineration method. As sea water immersion time increased, Mg content of seaweed salt
increased significantly, while Ca content decreased. Potassium content of seaweed salt was higher in sea tangle salt. In
case of salt prepared by incineration of residuals, pH increased with immersion time but ORP decreased. 
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� � ����� ���� ���� ���� ����

���� 
��� ���
 �	� ����� ��� �	

�� �
� ��	� 
��� ����� ��	� ��	

�� ���� ��� ����� �� ��� �� 
����.

�� � ��

��

���� ��� ��� �
(sea mustard: Undaria pinnati-
fida)� ��	(sea tangle: Laminaria japonica)� 2002� ��

��� ����	�� ���� ��� ���� 	 40 mesh
� ���� �����. ����� ��� ���� �� �
�	 �� ���� 1� ��� 24oBe� ���� �����.

����� ��

��	� �� ����� ��� ��� 10 g� ��
��

��� ��� ��� ��	� ���� 105oC�� 12�� �
��� ��� ��� 	 550-800oC�� 4-14�� �����.
���� 50 mL� ���� ��� 	 Whatman No. 41(ash-
less) ���� ���� ���� ���� ��� 50 mL� �
��� 2-3� ��� 	, ��	� 105oC�� �� ����

����� �����. �� ��� ��
	� 
�� ��

	� 5 mm ��� �	� ���� ��� ��	� �� 

	� 	 105oC�� ����(1-6�) ��� ��� 5��� �
��� ���� 	 ���� �����. ��� ��� ��

� 10 g� ��� 10 mL� 
	��� ���� ����� �
�����, 
� �
� 3�� 
� ��� ��� ����

� �����.

���� ��

����� pH� ORP(������)� 1%� ��� ���

	� pH-meter(Orion 920A, USA)� 
��� �
 �����,
����� methyl red� ��
�� �� 0.1 N HCl� 	��

���, ����� Mohr	(24), � ������ AOAC	(25)
� ���, �� ���(Chromameter CR-200, Minolta, Japan)
� 
��� �����.

��� ��

����� ��� ��� 0.1% �	� �
 ����� �
� ICP(Inductively Coupled Plasma Atomic Emission Spec-
trometer; Varian Liberty 100, USA)� 
��� �����.
ICP ����� plasma: 15.0 L/min, Auxiliary: 1.5 L/min,
Pump speed: 25.0 rpm, Carrier gas flow: 75 psi, Nebulizer:

150 kPa, Integration time: 3 sec� ���.

�� � ��

���� �� ����

��� ��	� ��(���)��� ����� 550-800oC
� ���� ��� ����� ����� Table 1� 
�. �
���� ���� ��� ��� � ��� ��� ����

����� ��	� �� ��� ���� ��
 ����

�, �� �� ���� 
� ���� ��� ������

�� ���� �� ���� �� �����. � ��� �
�� ��� ����� ���� �� L-�� ���� a-�
b-�� ���� �� ��� ��� �� ���. ��� pH
� ����� ����� ���� ����� �����
,

� �� ��� ���� �� �� ���� 
� ���

� ����
 ���� ���� ��� ��� �	���.
������(ORP)� ��� ������ ������ 650oC

�� ����� �� ���� ��
��.
��� ��	� �
 �� ��	� �� ���� ���

� ����� ��� Table 2� 

 ����� �����

��� ��� � ��� ��� ����, ��� ��	��

���� ��� ��� ��� ���. � ��� ��� �
�� ��� ��	�� ���� ���� ��� �� ��

����� ���� L-�
 ���� �� �� ���. ��

� pH� ����� ��	� �� ���� ����� ��

���, �� ����� 700oC��� ���� � 
�� �
���� ���� ��
��. �
���� ��	� ���

����
 �
��� ��� pH� �� ����� ���

� ���� ��� ���.
����� ��� ����� ����� ICP� ��� �

�� ��� ��	� ���� ��(Table 3) ���� ��

�� Na ���� Mg ��
 ���� ���� K� ���.
��� 
� ���� ��� �� ��� 700oC�� ���

� �� Na� K ��� ���� �� Mg� ��� ���

��, Ca� �� ���� ��
�� ��� � ���� �

� 
��. ����(Table 4)� ��� ��	� 
�� �
��� ��� Mg� 
�� ��� K� Ca ��
 ����

����� ����� Na ���� K ��
 ���. �
�

��� ��	� 
�� ����
 �
� ��� K ��


��� ���� Ca ��� �� �� ��
��. ��	 �
�� ��� � ��
� ���� ��� � �
� ���,
Fe� Zn, Cu, Ni, Cr, Pb �
 �� 
�����, 
� �	�

Na� K� �� ���� 
� ���� �� �	�� ��

Table 1. Effect of incineration temperature on physicochemical characteristics of the seawater salts

Temp.
(oC)

Yield
(g)

Insoluble
solid (g)

Insoluble solid color
pH ORP

(mV)
Alkalinity

(0.1N HCl mL/g)L a b

Sea
water

100 2.92 - - - -  9.29  11.5 0.89

550 2.07 0.92 93.63  0.32 2.05  7.52 233.2 0.22
600 1.96 0.81 94.90  0.29 1.79  7.20 236.6 0.21
650 1.89 0.75 95.45  0.05 1.67  7.11 233.0 0.19
700 1.74 0.73 96.01 -0.05 1.59  6.93 232.6 0.18
750 1.66 0.72 96.88 -0.18 1.55  6.84 202.5 0.16
800 1.48 0.67 97.98 -0.29 1.38  6.81 191.4 0.15
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� ��� ICP ��� ���
 
��. 
�� ��� Ha(16)
�� ���� ��� ��� Mg� �	 ��� ���� K
� Ca�
���, Jo �(14)� ���� �� �� NaCl� 84.3
4.63%�� 96.6�0.71%� ��� �� Mg� Ca� ��� �
���� ��� �����. �� Park �(15)� ��� ��

�
 ���� ��� K� Mg ��
 ���� ��� � 
�.
24oBe� ��� ��	� 
��� 700oC�� ����� �

�� � ����� 4-12���� ���� ��� ��� �
� ��� Table 5� 
�. ����
 	�	� �� ���

��� � ���� ���� ������ � ������

��� L-�
 ���� �� �� ���. ��� pH� ��

��
 ���� �� �� ��� ��� pH� �� ���

�� ����� ORP� �� ���� ��
��. ��� �
�� ��	� 
�� ����� pH� �� ����� ��

����, ORP� ���. ��� ����� Table 6� 



����
 	��� K ��� ���� Mg� ������

����� ��� �� �
��� 	��. Ca� 8����

� ���� � 
	�� ���� ��
�� Na ��� 4�
� 
	�� �����. ��� ���� 	�� ���� �
� Mg�� ��� Na� Ca� ��� ����� � ���

���� ���� �
 ��� �����. ����� ��

	 ��� ����
 ������ ��	� �
� � � �

Table 2. Effect of incineration temperature on physicochemical characteristics of the seaweed salts

Temp.
(oC)

Yield
(g)

Insoluble
solid (g)

Insoluble solid color
pH ORP

(mV)
Alkalinity

(0.1N HCl mL/g)L a b

Sea
mustard

550 2.91 1.04 54.00 -0.53 1.95 8.45 238.7 0.38
600 2.88 1.02 59.26 -0.50 1.10 8.14 258.0 0.29
650 2.73 0.91 68.56 -0.23 0.97 7.62 267.0 0.26
700 2.63 0.85 73.56  0.11 0.71 7.51 294.6 0.21
750 2.54 0.84 76.86  0.43 0.52 7.30 289.3 0.18
800 2.48 0.78 78.41  0.75 0.03 6.99 278.5 0.12

Sea
tangle

550 3.09 1.05 51.97 -0.93 1.92 8.27 230.5 0.39
600 2.89 1.02 58.59 -0.89 1.14 8.12 243.5 0.31
650 2.81 0.93 61.10 -0.69 1.00 7.96 282.0 0.31
700 2.69 0.88 67.17 -0.31 0.60 7.85 284.4 0.26
750 2.55 0.82 71.78 -0.25 0.57 7.67 238.0 0.23
800 2.51 0.79 76.33 -0.04 0.20 7.44 202.3 0.20

Table 3. Effect of incineration temperature on mineral composition of the seawater salts (Unit: 1,000 ppm)

Temp.
(oC) Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

Sea
water

100 2.26 61.24 194.5 18.9 - - 0.01 0.04 0.03 0.02 0.01 0.02 -
550 2.75 11.19 254.2 27.5 - - 0.01 0.04 0.03 0.01 0.01 0.03 -
600 3.11 10.93 262.2 28.5 - - 0.01 0.03 0.03 - 0.01 0.02 -
650 3.13  9.01 263.3 28.7 - - 0.01 0.03 0.03 - 0.01 0.02 -
700 3.28  6.73 272.2 30.3 - - 0.02 0.03 0.03 - - 0.02 -
750 4.01  6.31 265.9 29.9 - - 0.02 0.03 0.01 - - 0.01 -
800 4.87  5.91 258.2 26.3 - - 0.02 0.02 0.01 - - 0.01 -

Table 4. Effect of incineration temperature on mineral composition of the seaweed salts (Unit: 1,000 ppm)

Temp.
(oC) Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

Sea
mustard

550  8.71 3.46 251.7 54.2 - - 0.02 0.08 0.03 - - 0.02 -
600  8.96 2.58 248.7 49.7 - - 0.02 0.06 0.02 - - 0.03 -
650  9.04 2.19 247.3 63.6 - - 0.02 0.07 0.02 - - 0.03 -
700  9.47 0.85 238.5 58.2 - - 0.01 0.04 0.01 - - 0.03 -
750 11.36 0.24 229.6 57.0 - - 0.01 0.04 0.01 - - 0.04 -
800 11.68 0.15 221.3 56.9 - - 0.01 0.02 0.02 0.01 - 0.02 -

Sea
tangle

550  8.63 4.55 243.3 121.7 - - - 0.06 0.04 - - 0.01 -
600  9.78 3.95 249.4 124.3 - - - 0.04 0.02 - - 0.03 -
650 11.62 3.35 245.3 127.5 - - - 0.02 0.02 - - 0.03 -
700 12.32 0.99 241.0 118.7 - - - 0.03 0.01 - - 0.02 -
750 12.36 0.34 240.9 112.7 - - 0.01 0.03 0.01 - - 0.03 -
800 12.41 0.21 238.9 104.5 - - 0.01 0.01 0.03 0.01 - 0.03 - 
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��. 
�� ���� �
�� � ��	� 
�� ����

� ��� �
� ��� pH� �� ����� ��� ��

����� ��, ���� ��� ��� �� ��� ���

�� Na(1) ��� K ���
 �� ���� ��� ���

��� �	���.

���� �� ����

�
� ��	� 5 mm �� �� �	� 	 ��� ���

� 1-6� ���� 105oC�� ���� ���� �����

����� ���� ��� ����� Table 7�� ����


�. ��� ��� ���� �� ��� ���� �� �
���� �
�� �� ���. �� ����� pH� ��

�� �� ��� ���� �� ������ ���� ��

�� �� �
�� ��� ��
 ��	� ��� pH� �
�� ���, ��� ����� �� ��� ���� ���

�. ��� ORP� −71.5 - −128.4 mV� ������ �� �
�� ���� 3� ����� ���� � 
	�� ���

� ��
��. 
�� ORP� ��� �� ��� ����

ORP� ��� ����� �� 	�� 
� � 
�� �	

�� ��� ���� ��� �����(10). Ha �(2)� ��

�
 ���� �� ���
 ���� �� ��� �� �
��, ���
 ���� ��� ���
 ����� ���

� ��� � 
�.
��� ��	�� ���� ����� ���� �� �


� ��	� 700oC�� ���� ��� ��� Table 8�


 ��� ��� � ��� ��� ����� ���� �
� ������ �� ����� ���� 	��. ��� pH
� ��� �� ��� ���� �� ������ ��	�

��� ���� �� Table 7�� ��	
��. �� ORP�
2-4� ��� ���� ��	� �
� ����, ��� �
���� ���� ��
��.

Table 5. Effect of incineration time on physicochemical characteristics of the seaweed salts

Incineration
time

Yield
(g)

Insoluble 
solid(g)

Insoluble solid color
pH ORP

(mV)
Alkalinity

(0.1N HCl mL/g)L a b

Sea
mustard

4 2.61 0.84 65.64 -1.14 2.43 8.29 108.1 0.28
6 2.49 0.83 68.40 -0.98 2.95 8.33 115.3 0.25
8 2.47 0.79 72.78 -0.67 3.44 8.15 121.0 0.23
10 2.44 0.77 75.94 -0.64 3.54 7.76 134.3 0.22
12 2.42 0.71 76.69 -0.45 4.02 7.68 149.0 0.21

Sea
tangle

4 2.66 0.72 54.33 -1.53 -0.98 8.45 97.0 0.31
6 2.60 0.68 54.34 -1.49 -0.44 8.40 106.3 0.27
8 2.43 0.66 57.36 -1.48 -0.15 8.21 115.5 0.26
10 2.34 0.66 58.72 -1.42  0.34 8.01 124.1 0.24
12 2.27 0.61 60.34 -1.38  0.58 7.95 129.5 0.23

1)Incineration temperature: 700oC.

Table 6. Effect of incineration time on mineral composition of the seaweed salts (Unit: 1,000 ppm)

Incineration
time Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

Sea
mustard

4  9.66 0.39 297.6 54.1 - - 0.01 0.02 0.02 0.02 0.01 0.02 -
6  9.69 0.31 291.2 52.8 0.01 - 0.01 0.02 0.02 0.02 - 0.02 -
8 10.96 0.28 292.8 54.7 0.01 - 0.01 0.01 0.02 0.02 0.01 0.02 -
10 10.27 0.24 293.6 58.3 0.01 - 0.01 0.01 0.02 0.02 0.01 0.02 -
12  9.29 0.23 294.4 58.7 0.01 - 0.01 0.01 0.02 0.02 - 0.02 -

Sea
tangle

4 10.01 0.48 321.6 77.1 - - 0.01 0.01 - 0.02 - 0.02 -
6 10.82 0.43 314.8 76.1 0.01 - 0.02 - 0.01 0.02 0.01 0.02 -
8 11.43 0.36 314.3 76.9 0.01 - 0.01 - 0.01 0.02 - 0.02 -
10 10.91 0.37 313.6 77.6 0.01 - 0.01 - - 0.03 - 0.02 -
12 9.76 0.35 314.9 78.5 0.01 - 0.02 - 0.01 0.02 - - -

1)Incineration temperature: 700oC.

Table 7. Effect of seawater addition time on physicochemical
characteristics of the seaweed salts

Addition 
time

Yield
(g) pH ORP

(mV)
Alkalinity

(0.1 N HCl mL/g)

Sea
mustard

1 1.46 9.58 -112.6 0.89
2 2.34 9.68 -116.4 0.88
3 3.40 9.82 -128.4 0.96
4 4.71 8.73  -86.5 0.58
5 5.87 8.29  -71.5 0.46
6 7.81 8.09  -72.0 0.36

Sea
tangle

1 1.14 7.71 -107.6 1.05
2 2.30 7.83 -125.5 0.85
3 3.25 7.62 -128.8 0.84
4 4.17 6.93 -112.6 0.51
5 5.32 6.70  -93.1 0.41
6 6.33 6.53  -92.8 0.36
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Table 9� 

 ���� �� ��� ���� �� ����

� Mg��� ������ Ca� �����, Na ��� 4�
���� ����� � 
	�� ���� ��� ���. �
� ��	� ��� ����
 �
� ��� K ��
 ��

��, ���� �� ��� ���� K ��� ����� �

�	��� ��� ����. �� ��	�� ��� ���

�� ��� Mg ��
 ���� ��� K� Ca ��� �
� �
� 
��. �� ��	� Zn� Cu, Pb �
 �� 

���� Al� Mn, Cd �� �	�
 
����� Table 3�
�� 	���� ��� Na� Mg, K ��
 �� ��� �

��� ��	� �
� � � ���. 
�� ��� �


Table 8. Effect of seawater addition time on physicochemical characteristics of the remained seaweed salts

Addition
 time

Yield
(g)

Insoluble 
solid (g)

Insoluble solid color
pH ORP

(mV)
Alkalinity

(0.1 N HCl mL/g)L a b

Sea
mustard

1 0.63 0.42 55.84 -0.86 0.29 7.81 249.2 0.38
2 0.91 0.38 55.49 -0.85 0.39 7.96 280.7 0.35
3 1.13 0.49 55.53 -0.67 1.08 8.17 273.3 0.30
4 1.29 0.54 55.19 -0.57 1.11 8.28 266.4 0.23
5 1.65 0.60 54.97 -0.45 2.26 8.49 261.9 0.19
6 1.66 0.61 54.07 -0.39 2.28 8.51 259.5 0.18

Sea
tangle

1 0.53 0.42 62.87 -0.46 1.32 8.35 228.6 0.36
2 0.60 0.39 61.31 -0.38 1.37 8.37 255.2 0.38
3 0.84 0.45 60.30 -0.35 2.08 8.53 261.5 0.38
4 1.00 0.51 59.72 -0.34 2.18 8.59 262.3 0.35
5 1.22 0.58 55.34 -0.33 2.49 8.67 257.4 0.34
6 1.34 0.60 53.01 -0.31 2.98 8.78 246.3 0.29 

Table 9. Effect of seawater addition time on mineral composition of the seaweed salts (Unit: 1,000 ppm)

Addition
time Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

Sea
mustard

1 5.74 37.62 215.6  15.5 - - - 0.03 0.03 0.01 - 0.01 -
2 4.51 38.47 236.5  15.6 - - 0.01 0.05 0.04 - - 0.01 -
3 4.48 40.50 236.0  15.3 - - 0.01 0.05 0.04 0.01 - 0.02 -
4 4.39 43.31 240.9  14.6 - - - 0.05 0.05 0.01 - 0.03 -
5 3.35 44.92 229.9  14.5 - - - 0.04 0.05 0.01 - 0.03 -
6 2.99 44.66 223.8  14.2 - - - 0.03 0.04 0.01 - 0.04 -

Sea
tangle

1 5.36 36.65 203.9  72.4 - - 0.01 0.03 0.03 0.01 - 0.05 -
2 5.20 48.35 208.7  57.1 - - 0.02 0.04 0.02 0.01 0.01 0.04 -
3 5.19 52.35 213.2  46.9 - - -1 0.05 0.03 - - 0.04 -
4 5.09 52.63 215.1  35.0 - - - 0.04 0.02 - - 0.03 -
5 4.54 54.70 218.2  32.4 - - 0.01 0.04 0.02 - 0.01 0.03 -
6 4.07 54.51 219.  32.0 - - 0.03 0.01 - - 0.02 -

Table 10. Effect of seawater addition time on mineral composition of the remained seaweed salts (Unit: 1,000 ppm)

Addition
time

Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd

Sea
mustard

1 10.21  3.28 270.5 23.6 - - - 0.04 0.03 0.02 0.01 0.01 -
2  7.93  2.87 288.7 24.4 - - 0.02 - - - - - -
3  7.27  2.21 296.2 26.0 - - - 0.04 0.02 - - 0.02 -
4  5.76  0.64 296.0 21.9 - - - 0.05 0.05 - - 0.02 -
5  5.66  0.53 288.4 20.3 - - - - - - - - -
6  5.59  0.42 287.8 19.8 - - - 0.02 0.03 - - 0.03 -

Sea
tangle

1 13.76  4.27 261.8 137.8 - - - 0.03 0.03 - - 0.02 -
2 11.35  3.01 273.5 111.1 - - 0.02 0.02 0.02 - - 0.06 -
3 11.87  2.98 285.5  96.1 - - 0.01 0.05 - - 0.01 - -
4 11.09  2.03 286.1  74.9 - - 0.01 0.05 0.04 - - 0.01 -
5 10.62  1.58 285.8  63.0 - - - 0.02 0.01 - - 0.01 -
6  9.72  0.71 285.2  55.7 - - 0.01 0.02 0.01 - 0.01 0.03 -
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