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Characteristics of Seaweed Salts Prepared with Various Seaweeds

Dong-Han Kim*, Jong-Whan Rhim' and Sang-Bok Lee’
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'Department of Food Engineering, Mokpo National University

*National Honam Agricultural Experimental Station, R.D.A.

Physicochemical properties and mineral compositions of seaweed salts prepared with various seaweeds and
concentrated sea water were determined. Ash content of sea mustard was the highest (22.7%) and that of laver
the lowest (9.8%). Sea mustard contained high amount of Na, while sea tangle and seaweed fusiforme contained
high amounts of K and Ca. When insoluble solids were removed after incineration of dried salt, surface color
of the salt whitened more due to increase in salt purity with resulting decreases in pH and oxidation-reduction
potential (ORP). pH and ORP of the ashed salt decreased, and K and Ca contents increased, while Mg content
decreased. Yield of seaweed salt was the highest in sea mustard, ORP was lowest in sea tangle and seaweed
fusiforme, and K and Ca contents increased significantly in sea tangle and seaweed fusiforme salts. As the
concentration of sea water increased, yield and purity of the salts increased with decrease in pH and ORP and
increase in Ca and Mg contents. Seaweed salt showed the characteristic crystalline structure as viewed by SEM.
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s xad AR AL HRFE 1 YGea mustard;
Undaria pinnatifida), TFA#H(sea tangle; Laminaria japonica),
Zlaver; Porphyra vezoensis), F(seaweed fusiforme; Hizikia
fusiforme), -} (green laver; Enteromorpha compressay®l 5.2
™, o]lES 20019 A Hxo} ¢e] HolEAgeld 74
dlo] FE3S] ARAIZ F 40meshE H3)stel AR
DAz AL uistES A sles SA A at
SES 1A w53 19°Bed] HIGHES AbE-SRICH

Nxzaaol A=
FERY 10gS FEHNY A THY wwE w5
(19°BeyS H7F8} 105°ColA 1247 Azxste] g
3 & 550°Co)A] 20417 FEAA T FsHES 50 mLY]
223 848 T Whatman No. 41(ashless) J#A 2 of3ls)
Atk AFEE Bead BEES 50mle] ERFE AMES
o] 2.33] AlFE L ARRS 105°CHM S ARE FlE
2ES AxE u} AzaFe ARE W ol AAE
om 279 FEL HERF 10g9) H%E 10mLe EHE
N AR ﬁ%%@] BAHPLE EAEA

LAY = 1% SFEHOR
pH meter(Orion 920A, USAYE ol4-8fe] 33}
ATEEEL Mohr]17, & E-83)Xd8-2 AOACH ™, 3
T2, 2AY, 2GR, 2R, AL HEFA

MP} FHRE
Az AFe) AL AwA(Chromameter CR-200, Minolta,
JapamyE ol-g3te] AT, AF9 FHTRE oFS A

23 % ion sputter® ol-€3te] Au-PbE AHelshir 7RI
20kVellAl SEM(Scanning Electron Microscope; Hitachi S-
3500 N, Japan)& o]-83sto] #Z-asith.

g ¥

HzFe F71E T3 AF 020 conc. HNO, 2 mLe}
Z5H54 8mLE 718 microwave digestor(Questron Co.
QMAX 4000, USA)E 140~180°ColA 3087 =58 22H
A Bag & 20mleE FEsgon, slzade 0.1%8
< A EHONER AMFEY. F)E @82 ICP(Induc-

Table 2. Mineral composition of seaweeds
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Table 1. Proximate compaosition of seaweeds (Unit: %)
. Crude  Crude Crude
Moisture fat protein Ash fiber
Laver 6.89 1.52 37.24 9.81 1.02
Sea tangle 12.27 1.32 1518 1609 1356
Sea mustard 9.86 333 1037 2278 397
Seaweed fusiforme  11.21 0.73 12.19 1972 21.89
Green laver 9.36 1.89 3143 2149 1.14

tively Coupled Plasma Atomic FEmission Spectrometer;
Varian Liberty 100, USA)E ol&-3&to] &ttt ICP £
15.0 L/min, Auxiliary: 1.5 L/min, Pump
speed: 25.0rpm, Carrier gas flow: 75 psi, Nebufizer: 150
kPa, Integration time: 3 sec® 3FAT.

XL plasma

dot o F

ix=Rel MESY

g Az ALEE slRFe UNIE-S Table 134
7ro) =RBEFY] Xolw QLo slEF THREE Aovt 4
slal ZAke plddo) 333%E Bokevt & 0.73%E ¥
orx, Zgw o 7lah sievt zhzt 37.24%9F 31.43%2 %9}
ow wjedof 1037%2 Y Aok 2AHFE 534 A0t
7h ot deffel] HlEted Wﬁl 2ok, AT ARA
271 24 a3 Q9o HE ARTHFLS Aol 9.81%
2 A7 vjdo] 2278%% AY BSo) FEIVHFL P
AL stire o2 R Hlsle] szFitel 2ozt AUrh
A Kang!? 52 7ol vlejelt sefjurt 2wy ol
ZHalgom FRe siEfrt 2441%=2 Hoht nigde] 11.31,
12.30%2.0F 2okvhsl Baste] dhi zelrk dSivh
]% Fzao ErHEL ICPE 43 3= Table 2
2ol Ko} Na, Ca, Mg7} F8 F7]E0|ew Alzk Zn
o 2@ FLeuEo] Yt £FE02 Cust Ni, Cr, Ph, Cd
2 n §e5tal YY1t Navk K& o &8sl 2o
ICP 249 o go) ATk L3k 3= %‘%b&i F7174
B ograre zpo)y) Asted ek el B2 K7F Bk
U v e Na7b #8A3 B, Cae 3 10—%, A up7t
Holtk mhfol wjsted W)

9%

A:Ol A'i'='

19°Be?] vloHE: F&alg ol &8l A A dvt 5
e Table 33 2] &2 550°CoM 38A7] S Ax
gb 8 el wske] BAB) FOEACH F 838 EC)

(Unit: 1,000 ppm)

Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
Laver 3242  3.097 5115 18565 0.260 = - 0.044 0019 - 0001 0003 0001
Sea tangle 6931 5098 6672 34545 0106 - 0.080 0002 0.006 - 0.001 -
Sea mustard 7459 6551 39850 2705 0202 - 0033 0006 0002 0001 0001 0001
Seaweed fusiforme 9376 4790 8383 32545 0.585 - 0.014 0003 0.001 0001 0001 0.001
Green laver 2850 5940 10.310 36570 1.879 - 0029 0012 0003 0007 0003 0001

Not determined.
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Table 3. Physicochemical characteristic of salts

=22 Z38k5] %) A 35 WA 1 Z (2003)

Insoluble solid

Color

Yield H ORP (mV NaCl (%
® ©) L ) 5 p (mV) (%)
Dried salt 2.817 - 92.40 0.13 443 8.87 158.5 84.6
Ashed salt 1.605 0.339 9427 -0.22 1.93 7.71 147.8 89.6
Table 4. Mineral contents of salts (Unit: 1,000 ppm)
Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
Driedsalt  1.61 5792 17820 1571 - 0002 0007 0012 0015 0051 0.008 0019 0.002
Ashed salt  2.77 1697 21950 28.78 - 0.001 0.007 0006 0005 0025 0.011 0.018 -
Table 5. Physicochemical characteristic of various seaweed salts
Yield Insoluble solid Color oH ORP NaCl
® (& L a b (mV) (%)
Laver 223 0.75 95.87 -0.02 1.79 7.63 163.6 92.0
Sea tangle 2.67 0.95 95.72 -0.11 1.82 8.73 111.5 91.1
Sea mustard 3.10 1.04 95.62 -0.03 2.02 8.79 187.9 94.6
Seaweed fusiforme 2.52 1.12 95.02 -0.05 212 7.78 1163 92.2
Green laver 247 1.53 96.27 -0.15 1.98 7.54 1794 90.3
Table 6. Mineral composition of various seaweed salts (Unit: 1,000 ppm)
Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
Laver 8.19 1.37 26820 11560 0.006 - 0.004 0013 - 0.019 0004 0016 0.001
Sea tangle 1239 042 21840 17340 0011 0.002 0014 0064 0.009 0014 0005 0.027 -
Sea mustard 7.59 062 23590 2591 0003 0001 0001 0019 0014 0.006 0001 0015 -
Seaweed fusiforme 9.82 056 207.60 17000 0.010 0017 0002 0052 0015 0.001 0003 0017 -
Green laver 6.21 535 21690 15890 0.001 0.001 0003 0.022 0013 0010 0006 0026 0.001
AREE g £F9 FEE 89.6%2 Z78IAth Az 873919128 ORPE THAlmkAFo] 111.5mVE 7P R
e 899 pHE Az 3 &F9] pH 8.87ET) 3347l gog Ehgolglen mdiFoM 7B Bt slxa
&5 pH 7712 F4l 7SIl ORPE 158.5 mVeil Al & 2T ¢ &g Hlste ORP7F WSkEUl, ORPY A
147.8 mVE ZAadgich. &5 4L 337 4 33 & = g AFAA AEEAAAE B A itz
o & E&3jEo]l AALUNY Wl Lto] S71skL bak o AAE EY F Jo] uEHE Aoz AEHIoH,
o] Zraxsted W M) 7h7tke] Atk Ha® 52 7|AIge] ilslE A 250 ot &
Az Fe] F7IAEL Table 491 7ol 33171 A AT U HWSkE, JHEgel ALFel Histe] BEAR
AET & &g Hste] Nast K, Cax 37HI9ou Mg &3t Wdvhy B b ok @9 239 Ao Lgks
FFS At AT A Mge IR 448 3 a, batol ZHz 95.02~96.27, —0.02~-0.15, 1.79~2.122 Table
AW & EEECE AFE Z0] oldrt A4EHUL = 39] &gET AT &7 Lt 94.279) Hlet] =F B
g BT ago] AR & gl B8t Znd} Cu, Ni S ¥ s b AR, AR BERS SRl B
£ 23 sk R0l ok 3N A 28F  glol M2 Wael spiEd ol ASA B FashE
o #71€ YRVt B ERSAECLE upHo] AAHU < A AASNI7] dEQd Ao AGEHAG

sxzage M2 §Y
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Hejo] 310g28 7P EUIL thEoE gAjulellen A
o] 22307 TP} It £FY £EE vGAFo) 94.6%
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59 pHe w93 tAulhgol Eo z42} pH 8798 pH
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o] ol AZRT 3 AFFHE AT Aoyl AT AR
v 3 AF Btd Mge EolE Al Cavl £713k4
o} 3HH Ha" 58 HAdHe 713 §3& Mgrh 5883~

10266 ppm©. = 74 B T2 KoF Ca’l 2+ 1662~
3701 ppm, 579~1037 ppme|2} 3FH o™, Park! & 4k
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Table 7. Effect of sea water concentration on physicochemical
characteristics of sea mustard salts

. Yield Insoluble ORP NaCl
Concentration (@ solid (g) pH (mV) (%)
0% 1.55 0.65 10.68 -44.5 7747

4% 1.80 0.70 10.24 -442 81.73
10% 2.05 0.90 9.48 -1.5 91.26
15% 2.45 0.85 8.67 159.1 9243
20% 2.85 0.80 7.39 1847 95.94

Niol gastgon Axw @ a7

A 23 Z Aele AU AxLF FHERE Ke
Mg A 259%2 AxN @ hdn e #%OM
oe sfzs %% 11.56~17.34%% sﬂ;qa] Z718k0 oAt
ago] 7P Bt Cas tAIvF &FN 1.24%% EUL
Ao} vlagellr] HWtom, Mg—~ ChAluel EaFol A
W dEE BT olde AAE nFol B slalg
o] £ vgaFo] Eo} dlziw Az fKEstiov
7R 242 a7 AY HFHA A7 == Nadal
ol K Ca¥o] B2 vAlvl &go] £& Ao2 HAds
k.

o

< ) 7P Bt AT EY pHE #YvS
7% pH 106894 £FEY %57

3L ORPE W|AYRS: AREg &Fe] —44.5mVelA 20% &
FES AR A$E 184.7mVE F7HHTH

B7|HELS Table 83 7ro] AFE9 EL7} Z713H Na

AE-3H

pad

7]_?51—_',1 pH*‘: o

EX) 65

14-Dec-01 006036 WD17.7mm 20.0k¥ x1.8k 25um

Dried salt

14 -Dec-01 000036 WD18.2mm 20.0kY w1.8K 25um

Ashed salt

@’%L\% 248 7H Al Caot Mg & A 3HA ——71”61’)»}\.1_.
Ke 4389 F57F 1097 5718 de F7tshd 2 o]
o) BEAE 2 Aol Gtk FRE FFS AR | e
?%‘9}:2_131 Pb 7o, Cu7]— ] ) 4%54 % E‘E- cd, Cr, NL 14-pec-01 000036 WD18.4mm 20 .0K
Mn 5& &g EZA 590 Sea mustard salt
Fig. 1. Comparison of some kinds of salt viewed in the scanning
AP0 FHPx electron microscope (x1,800).
a7 oY % EATERE FA AR SEME ©
&3t 1800u 2 FES A= Fig 13 2o AzwE & Agle] zte] EHEAUL. v|Gige 3FA7 AgHET R
g #Ro] BAtFsty 4T FHTt gle F2E olF Hol wjEsty RAYE T2 FHE HIHIUT HaY T
T glont s50°cold MY Aol ERle] MEEL B & 43S S4H §79e] 247RE P HIge
Table 8. Effect of sea water concentration on mineral composition of sea mustard salts (Unit: 1,000 ppm)
Concentration  Ca Mg Na K Al Mn Fe Zn Cu Ni Cr Pb Cd
0% 0.390 0.007 2448 14.85 - - - 0.013 0.016 - 0.003 0.028 0.001
4% 0.600 0011 2433 15.71 - - 0.001 0003  0.009 - 0.002 0024 0.001
10% 2035 0.023 2431 19.55 - - - 0.026 - - 0003 0014 0.001
15% 6248 0583 2418 1873 - - - 0.029  0.007 - - 0.009  0.001
20% 9.627 0725 2406 19.69  0.004 - - 0.025 0.014 - - 0.025 -
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