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The Minerals Analysis and Nutritional Evaluation according to
Production Area Laver, Japanese kelp, Sea mustard, Hijiki in Korea
(Porphyra tenera, Saccharina japonicus, Undaria pinnatifida,

Sargassum fusiforme)

Hyo-Jung Jung

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The purpose of this study was to analyze the nutritional components
and to evaluate nutritional value of seaweeds: laver (Porphyra
tenera), Japanese kelp (Saccharina japonicus), sea mustard (Undaria
pinnatifida) and hijiki (Sargassum fiisiforme). Proximate composition,
fatty acid composition, total amino acid and mineral contents were
measured.

There was no significantly difference in the proximate composition
of the laver, Japanese Kkelp, sea mustard and hijiki produced in
different regions of Korea. Moisture contents were ranged from 85.34
g/100 g to 92.68 g/100 g and crude protein contents were ranged
from 0.05 g/100 g to 0.45 g/100 g. Crude lipid contents were ranged
from 1.20 g/100 g to 5.14 g/100 g.

As a result of investigation of fatty acid composition of laver,
Japanese kelp, sea mustard and hijiki by production area, the content

of saturated fatty acids was mainly palmitic acid (C16:0) and that of



monounsaturated  fatty acids was oleic acid (C181). In
polyunsaturated fatty acids, linoleic acid (C18:2), arachidonic acid
(C20:4) and eicosapentaenoic acid (C20:5) were the major components
of laver, and brown algae like Japanese kelp, sea mustard, hijiki were
mainly composed of stearidonic acid (C18:4), arachidonic acid (C20:4),
and eicosapentaenoic acid (C20:5).

Total amino acids were analyzed for 17 amino acids except
tryptophan. Among the amino acids, leucine, aspartic acid, glutamic
acid and alanine appeared high contents in the analyzed samples.
Among them, the content of glutamic acid was the highest. The
contents of total amino acids produced in different regions of Korea
were laver 24.66-25.71 g/100 g, Japanese kelp 9.63-11.16 g/100 g, sea
mustard 12.36-17.96 g/100 g and hijiki 9.93-10.21 g/100 g. The total
amino acid content of laver was highest and the amino acid content
of each sample produced in different regions of Korea was not
different.

As a result of mineral contents in four Korean seaweeds produced
in different regions, macro minerals content was highest in K
(462.82-2,066.65 mg/100 g), followed by Na (123.61-360.76 mg/100 g),
Ca (18.00-131.29 mg/100 g), Mg (28.10-61.43 mg/l100 g) and P
(28.10-61.43 mg/100 g). The contents of micro mineral per 100 g
were the highest in I (0.23-94.82 mg), followed by Fe (0.46-3.59 mg),
Zn (0.14-093 mg) and Cu (0.00-0.07 mg), and Se and Mo were
detected in trace amounts.

In order to evaluate nutritional assessment of mineral intake of
laver, Japanese Kkelp, sea mustard and hijiki, the maximum and
minimum mineral intakes were calculated and nutrient uptake ratios

were calculated in comparison with the Korean nutritional intake



standard.

Nutrient uptake proportion of mineral intakes was (in descending
order): K (157.29+222.74%), Na (75.06£85.83%), Mg (62.19£71.54%), Ca
(39.43+47.81%), P (26.11+2851%), I (141,284.39+348,022.06%), Fe
(69.48+98.09%), Zn (14.95+20.85%), Cu (6.58+7.54%). Japanese kelp
showed high nutrient uptake rate in most minerals.

To consume mineral usefully, it was judged that healthy diet based
on the recommend and adequate nutrient intake should be maintain.
Also, through this study, it was expected to utilize as base data in
order to secure a nutritional excellence and to establish a standard of

intake laver, Japanese kelp, sea mustard and hijiki of Korea.
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1. 4948
1. 1. U F8 &H] =2F

AxzF AluEve ALY AN EFS agste]  Z(Laver, Porphyra
tenera), TFAvl(Japanese kelp, Saccharina japonica), V9 (Sea mustard,

Porphyra tenera) 1% 1l % (Hijiki, Sargassum fusiforme)S A3} 1L,

o]F WAAe] we Aol APUE Suratel FEFE AHF F
2712 AASD ARE ASstah Pe ARG AetT G5 o
Fob GEAGAN A2E AASAL. hAlnkeh mge BargA 7]

FTo FETAA ARE AAdACH, B SET, BFT, AET

N ART RS g

2. A3

2.1 4t & &

ol
I\
2

AOAC (1995 ug FELS AU7ld Axy, ZuwEe
semi-micro Kjeldahl ¥, ZA"2 Soxhlet 549, Z3]7S 712 3] 314

o 77t A5,

2. 2. AWA 244 54

ANge 285 A3 t}e Bligh and Dyer (1959)¢] ol o] a}o]
A &9 58] %2l chloroform : methanol (2:1 v/v)&dloz2 XA &3
. 14% BF3-methanols ©]&3to] AW4ke] methyl ester (FAME)3}
o gas chromatography (GC; Shimazu GC 2010 Plus, Shimazu,

Tokyo, Japan)ZX +Astdt. A uHAke]l &AL FFA| W4 methly



ester®] retention time¥} W|1d}l o™ T3 FAME Wje] DHA % EPA
stk YR EFEZQ 230 1 mg/mb)e 3 =Zu Ay vjuste] & Zsls
=3

2.3. F o=t 3 54

ZF ol =2k AR 200 mgS 6 N-HCIZ 110T9] dry ovenoll A 244]
Pt stdth A R8RS A dx AR 5, pH 229 AL ¢
Aoz 50 mLEZ 483t 020 um membrane filter2 o] 2}t o}n]
A B S AN EE A tHWhite et al, 1986). $H3Fobm] i AR(A 2
EQl 2 HE )2 Algel 30% HAFskAek 83% ZHmAR(19, vV
:‘z@é}cﬁ e AEAE & 25 mLE 7hste] 0Ceolstel A 16417 4]

N

;

b ok

0

@ B A47% Akt £9 375 mLE slste] migel Ajnae R
@ ¥ BFAxL, 6 N-HCIE ol §ate] Fohvlwil AAesh 548
wyow ARLsArh F obvmal @ Wiolnnte] FEe ofnli

2

241 7]1(Sykam DE/S-433D, Sykam, Germany)® 213} t}.

2. 4. MU F IFF F3

2. 4. 1. AAHEE - FAEAE

T2 Ax3 AR 1 g2 YA A AP FF3 F A AH(Nitric
Acid 65%, Suprapur, Merck Co.) 10 mLE 7}&}o] 180% o] A wk$-A171
5 80ColA 4003t 7 Eafstidet. 7FEZali gk A &4 iS¢
ds] SpEA7]aL ”%Oﬂ/ﬂ e ¥ A 10 mLE oA 7heke] 9k 2
> % =

o® & B e e 5 AL 3 ubA AT

l‘_\‘_
an

Ao 7 ZFH3F ZH alate] o]} A (ADVANTEC NosC)E o33k t}
S 2% AME o]gate] 100 mLE A&ste] EAstth wul ke
A=7)Fo = gtsto] e ATHMFEDS, 2015).



2.4.2. 825 A

T4 Ax3 AR 3 g A AFFste =& 10
3% OoMAEAF 2 mLE 7tste] & E¥tste] 30 mL7t HEE A &gt
of &5 10&3F & £3d F v 10E3F 23S ot & &3
sty 1 & o] 3% (No.b41l. Whatman, UK) = N 2
0.1 N NaOH 5 mL& &%s3le] AAgdste 5845 pH 7002 BA S
At} 22 =354 (Acculon Reference Standard TIodide,
AccuStandard, U.S.A)< 0.01-100 mg/mL s=2 AF3 &3 BAH
FEENS ol2AEA HZ(jon selectivity electrode, ISE, Thermo
of A4t FF8&d SAHAFPOE AE=H A
Q gt

dakato] LR A EH(Ko, 2008).

o 9
_\-;1
2
o
o
T

2.4. 3. 717184 € &A
fFEAstZEet=n B354 7] (ICP-Inductively Coupled Plasma)® &

Ao 717184 248 Table 19} #th

4
¥+ 5E2 SRM (Standard Reference Material) 1947, 1849a %
RM (European Reference Materials) BB3845 A}-8-3}¢]
nug EA Ayl g A AF 9 HFe St (Table 2).

—
o
N
D
e8]
M
AC)
!
T

A A2 ANOVA testE o]g3te] &4 243 & P<0.05 +FolA

o

= ¢ 4% (Duncan’s multiple range test)S 2 A3+



Table 1. ICP conditions for mineral content determination

ICP (Inductively Coupled Plasma)

Instrument Perkin Elmer OPTIMA 3300XL
RF power(W) 1200
Pump(mL/min) 1.50

Plasma 15
Gas flow Al 05
(L/min) 0 '

Nebulizer 0.7

Table 2. Recovery ratio of mineral contents from SRM and ERM

Recovery ratio (%)
Mineral Nitiric acid Reference

Wet digestion

Ca 101.04 ERM BB184
P 98.34 ERM BB184
Na 98.99 SRM 1546a
K 96.33 SRM 1849a
Mg 92.49 SRM 1546a
Fe 91.89 SRM 1546a
Zn 98.99 SRM 1546a
Cu 113.25 SRM 1546a
I 75.69 SRM 1849a
Se 101.50 SRM 1947

Mo 59.75 SRM 1849a




3. Wl AHAZFN BE EFHL

20149 %= 3G FEFRAE AAARE ol gste] A, tAnt, 1]

18
bl

o 1d AEAAF T Asatd Adgs ekl 449 19 454
A= 4 001-163 g, A= 0.001-1,667 g, =<9 0.01-392 g, =
0.06-49 g oAtk Aol W A, vAlvl, v, Fo] mdE kel o
3l Zhzte]l AAFS ALt H 20159% MAE SmddSFHAE
(KNS, 20153 wlatste] JFHFAv &S el A=
194 o] 8 &, <,

) e JFoR g B goz deon 2
]

vFadle, d, obdd, ?L?/]

, 8.2+ HAEAH3FH FRecommended Nutrient

Intake: RND¥ YE &, 25, 4S54 3 2 (Adequate Intake: AD ¥}
Hlnlslo] ME&S AsEATh



1. »gmwoﬂ e xR dYHE BY
=T o B s

1. 1. 1. A
T 1S A Ao we} FEE)
= o3}
= A
FA 7o) 8 3} ,
1.20£0.03 g/100 g, HAF 3.31+0.07 g/100 g2 2B Ao R E
ol ¢t o] srFHT FoHo g =A YEGTHP<.05).
T2 $% 045+0.44 g/100 g, FAF 0.24+0.07 g/100 go.& 2
2Fol 7 QATHP>0.05). 3E THEHS A% 262+0.05 g/100 g, HA
091£0.10 g/100 go.&2 = 7o 3§ sh&fo] Feoldo=z £ S
EFNATHP<0.05). A9 HAH & #EFS 8943+0.30 g/100 g, Z¢HH
2.26+0.05 g/100 g, ZA% 0.35+0.26 ¢/100 g, 3% 1.77+0.08 g/100 g
2 NFRDI(2009)2] 3&F EAEFA e AdubAE staks vy

o), =i S 905 g/100 g, @A 3.3 ¢/100 g, A 0.4 g/100 g,

o]

o
L

=

1%
P B -

o

v o)
=

o
EL FN
_|>_~‘

kv

1z

o
Ay
[

ox Y o
|
w
o0
1je}
<
—
o
(-]
Q

(0]
tl
f
k1
)

o2 Add nugds o

= =
(2011 A7 3070 A =e HF AwrAR s A Ay

T
u)
=
32
=
ke
o
<
o

=
ol

=l g , T
89.9£1.4 g/100 g, @& 37+1.0 g/100 g, A% 05+0.2 g/100 g, 3|
39406 g/100 g = NFRDI(2009)9] gt FAEAdE3Eet A A&
S YUERNATE Lee 519872 Ao FHTHo =55 2uy =k
& =& A vt gsthEo]l AA FfrEo d= o HiFe
), F4b Aol $hw Arth okl dheko]l A vEh B Ade A
o} Akttt



1. 1. 2. thAm}

AAA ol whet A uwu}sﬂ AW R I A2 Table 4of
JERQT 9 chAuke] SR gEe 62.91:010 g/100 g, A ThA
she] 4 dHRe 0268:024 g/100 golil, Fuw e gn
5.14+0.09 g/100 g, b 1.04+0.03 g/100 g& = % thalnle] whulz
shapol Wb ThAmbe] wuld FernTh 2 et P<00). 24
sk 9% 0.05+0.05 g/100 g, HAF 0.16+0.02 g/lOO go 2 FoFql
2ol 7} AATHLP>005). &= 2.81+0.13 g/100 g, H4F 3.50+0.08 g/100 g
o A thAuhe] 8% Fhake] @i thalnte] lmsle] folHow &
A UERETHP<0.05). thAeke] B FE e 92.80+0.17 g/100 g,

]

e 3.09+£0.06 g/100 g, =A% 0.11+0.04 g/100 g, 3] 3.16+0.11
g/100 gollvt. NFRDI (2009)4 o FAEAERAA thAvke AR
A TS 2ANE A3 8 910 g/100 g, 29 1.1 g/100 g, =4
W 0.2 g/100 g, 3]+ 35 g/lOO go® ZuWe g E APoA Kot

o
o
E2 FFS HERATE Choi 5(2008)2 71744t A Al ATHA]
ope] AWt R TS BAst], dEA vAvke] HiE o
021 g/100 g, =% 7.25+1.16 g/100 g, =A% 0.53+0.10 g/100
g, ¥ 21.10+2.70 g/100 golflaL, 714k thajvke] vt AR I
< g 887449 g/100 g, = 841+0.56 g/100 g, A .
g/100 g, 3] 23.56+3.52 g/100 golAtt. ©o]& NFRDI = Fit=4d 3
F(2009)¢] A GAjvl dWHAEE FFS VIEo2 el S W, 9=
Almke] ARk S g 9173 ¢/100 g, =9 1.01 g/100 g, =4
=S
3

d

>
Mo
to

w018 g/100 g, 313 322 g/100 geolflaL, FAF vhAmte] A5
91.83 g/100 g, =¥ 1.00 g/lOO g, =A% 018 g/100 g, 3]
g/100 goldtt. & Aol Aups} mags wf &= tAauke] kol A
2ol 7h o, A Fel mE ARk E ] zol= lon HAAFom M
3 AEFs e

_'IO_



1. 1. 3. 1| ¥

g = R 1 Aol AHI wde] dwbgR e A=
Table 59} #Zt}. & =k 9% 90.73+0.39 g/100 g, FAF 91.16+0.13
g/100 golil, Zww e 9 1.74+0.08 g/100 g, ¥4+ 1
g/100 go & & Folich A w o] A S 9
0.11+0.03 g/100 g, 54+ 0.290.02 g/100 gO & Ak wede] Zxu 3
Fol FoHoer #e & YENATHPL<00). IR FF> 9=
3.45+0.12 g/100 g, ¥4t 3.13+0.06 g/100 go = 222l =Fo]7F e
A EPTHP>0.05). AFH o2 A o] wE vde] AR Fe
& 2 Aol7F gl AR FRlEo] 2t Choi 5(2008)2] A3t =] 9
3% of E AFE B AFAFe} vwPS o,
T 8787 g/100 g, =99 227 g/100 g, =A% 0.22 g/100 g, 3]
422 g/100 go= xgwe] ke B AFurt = Fws UEhgX

rlo

b9

O

JokA B o gl Ex
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A
J

o
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rot
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1. =

1. 4. %
depde gk, ag

-~

, AEolA AFAS Fo dnkgdR FF A
Table 6o YelfATh F8 S 4= 8312+030 g/100 g, L&
85.34+0.38 g/100 g, A% 89.01+0.05 g/100 go2 AX %9 SR}
b =gkth 2o e 9% 149+0.07 g/100 g, ILEF 1.93+0.
g/100 g, ¥ E 1.29+0.10 g/100 g2 & oAl zto]7} gon 1%
Zo Sheko]l b ERTHP<0.05. =AW SEHE 9 0.22+
g/100 g, 31& 0.18+0.03 g/100 g, W= 0.25+0.06 g/100 go = 2%
ZpolE YERWA R I(P>0.05), I FEFS = 552+0.07 g/100 g,
A% 632+020 g/100 g, X% 460£0.22 g/100 gol it E Aol A
T Kim 5(2013)0] B ag %o AwkAgd i Ay $1(85.27 g/100 g), =
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Table 3. Proximate composition content of laver (Porphyra tenera) produced in different regions

of Korea
Ar Proximate composition (g/100 g)
ca
Moisture Crude protein Crude lipid Ash
Wando 86.83+0.18"" 1.20+0.03° 0.45+0.44 2.62+0.05"
Busan 91.98+0.41% 3.31+0.07 0.24+0.07 0.91+0.10°

"Meantstandard deviation

“Different superscripts within a same column are significantly different by Duncan’s multiple range at 7<0.05

Table 4. Proximate composition content of Japanese kelp (Saccharina japonica) produced in
different regions of Korea

Proximate composition (g/100 g)

A

rea Moisture Crude protein Crude lipid Ash
Wando 92.91+0.10” 5.14+0.09% 0.06+0.05 281+0.13
Busan 92.68+0.24 1.04+0.03° 0.1620.02 35020.08°

"Meanzstandard deviation

*Different superscripts within a same column are significantly different by Duncan’s multiple range at 2<0.05
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Table 5. Proximate composition content of sea mustard (Undaria pinnatifida) produced in

different regions of Korea

Proximate composition (g/100 g)

Area

Moisture Crude protein Crude lipid Ash
Wando 90.73+0.39" 1.74+0.08 0.11+0.03" 345+0.12
Busan 91.16+0.13 1.68+0.02 0.29+0.02° 3.13+0.06

"Mean+standard deviation
*Different superscripts within a same column are significantly different by Duncan’s multiple range at £2<0.05

Table 6. Proximate composition content of hijiki (Sargassum fiusiforme) produced in different

regions of Korea

Proximate composition (g/100 g)

Area

Moisture Crude protein Crude lipid Ash
Wando 88.12+0.30" 1.49+0.07® 0.22+0.03 552+0.07%
Goheung 85.34+0.38" 1.93+0.06" 0.18+0.03 6.32+0.20"
Jindo 89.01+0.05 1.29+0.10° 0.25+0.06 4,60+0.22°

"Mean+standard deviation
“Different superscripts within a same column are significantly different by Duncan’s multiple range at 72<0.05
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oleic acid (C18:0), stearidonic acid (C184) 1#]il arachidonic acid
(C20:4)7F F& T4 AHatolgda, 9% thAmte] A9 palmitic acid
(C16:0, 19.63%), F4F thAlvte] 7§ stearidonic acid (C18:4, 17.23%)7}
7V =2 FES JEddY. 2B A Gd B
st A com FAEAeH, BAA G wE AWAE 24 FARR
A5 HAth Zheng (2012)9] FAA4F k=4 9 714 thARbe] S0
A HkAE A palmitic acid (C16:0), oleic acid (C18:1), arachidonic
acid (C20:4), lignoceric acid (C24:0)0.2 A9 AXA3+= AI}E HA
b gl FAb o wmlde) FAMAE 2AE 7z ZEAEAE 29.26% ¢
2217%, ddEZSAHLE 11.96%¢  11.07%, ILE=EIFESX[EAEO]
58.78%°} 66.76% % 1= w XA Wake] ko] 7H e H|FS A
shal dlom, ZF Aak 242 AR el wek & xol7) gle AL
2 Yeyth n-3A9Y Ak T ARAE 2A T 247 34.74%,
39.29%% AA|stal o, 1 5 stearidonic acid (C18:4)7} 15.69%,
1873% %2 =& & Att. Hong 5(1991)¢] w3} Hefe] XA
Ao F XA AL AL 285%,
=

AL 61.7%=E 2 AT Aot

Lo

.

Fo A% gxF thArt 2 uee] F AW 2 fAIE v L
TEBEAA A, EAA WA, DAREAA WA S0 HFL AAE
Qot Aol we Aot vEntx gtk B Aelq ®o F

Q2 A AHAR2 palmitic acid (C16:0), arachidonic acid (C20:4),
eicosapentaenoic acid (C20:5) 0.2 YEISTE Choe 5(2002)8 Z&x/F <
o AW =43 H]ﬂé}“% o, 8 T4 A4S palmitic acid
(C16:0, 57.69%) 2.2 F A|WAk 2249 oF 50% o= AFA| =], o]+
A=A 8 hA 37]«] zpol 2 Q1gk Zloletal AR ¥ T
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Table 7. Fatty acid composition of laver (Porphyra tenera)

produced in different regions of Korea
Fatty acid composition

Wando Busan
C12:0 0.02 0.03
C13:0 0.02 ND
C14:0 0.87 0.53
C15.0 0.28 0.16
Pristanic ND ND
C16:0 2254 23.1
Pytanic 0.01 ND
C17:0 1.87 1.34
C180 1.17 0.85
C20:0 0.01 ND
C22:0 ND ND
C24:0 ND ND
> . Saturates 26.80 26.00
Cl4:1 0.36 0.24
Cl61 0.61 0.29
C17:1 0.01 ND
Ci&1 3.17 2.49
C20:1 3.37 3.04
C22:1 0.48 0.52
> Monoenes 8.01 6.58
Cl16:2 0.01 ND
Cl16:3 0.27 0.12
Cl7:2 0.31 0.24
Cl64 0.11 ND
C182 2.03 1.86
C183 0.63 0.83
C1&4 0.23 0.08
C20:2 NMID ND ND
C20:2 0.85 0.74
C20:3 2.21 2.52
C20:4 441 7.20
C20:5(EPA) 5391 53.65
C22:2 ND ND
C21:6 ND ND
C224 0.09 ND
C22:5 ND ND
C22:6(DHA) 0.13 0.18
> Polyenes 65.19 67.42
n-3 B55.76 54.95
n-6 8.98 12.23
n-3/n-6 6.21 4.49
UFA/SFA 2.73 2.85
MUFA/SFA 0.30 0.25
PUFA/SFA 2.43 2.59
Total 100 100
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Table 8. Fatty acid composition of Japanese kelp (Saccharina

japonica) produced in different regions of Korea

Fatty acid composition

Wando Busan
CI120 0.04 0.02
C13:0 0.04 0.06
Cl14:0 11.16 7.33
C150 0.61 0.50
Pristanic 0.03 0.09
C16:0 19.63 15.39
Pytanic 0.06 0.08
Cl17:0 2.11 1.53
CI80 0.90 0.54
C20:0 0.19 0.20
C22:0 0.04 ND
C24:0 ND ND
> Saturates 34.82 25.74
Cl4:1 0.46 0.03
Cl61 2.82 2.93
Cl71 0.53 0.86
Cl&1 16.21 12.38
C20:1 0.05 0.08
C2:1 0.26 0.08
> Monoenes 20.31 16.37
Cl6:2 0.31 0.44
Cl16:3 0.14 0.19
Cl7:2 0.50 0.58
Cle4 0.12 0.19
Cl182 5.13 5.04
C18:3 7.01 9.50
Cl84 11.83 17.23
C20:2 NMID ND ND
C20:2 0.06 0.08
C20:3 0.81 0.62
C20:4 10.92 12.67
C20:5(EPA) 7.76 11.25
C22:2 ND ND
C215 ND ND
C22:4 ND ND
C2255 ND ND
C22:6(DHA) 0.29 0.11
> Polyenes 44.87 57.89
n-3 26.53 36.90
n-6 17.43 19.86
n-3/n-6 252 1.86
UFA/SFA 1.87 2.89
MUFA/SFA 0.58 0.64
PUFA/SFA 1.29 2.25
Total 100 100
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Table 9. Fatty acid composition of sea mustard (Undaria

pinnatifida) produced in different regions of Korea

Fatty acid composition

Wando Busan
C12:0 0.03 0.01
C13:0 0.06 0.09
C14:0 3.49 2.72
C15.0 0.62 0.32
Pristanic ND ND
C16:0 20.66 15.89
Pytanic 0.07 0.07
C17:0 1.63 1.04
C180 1.89 1.43
C20:0 0.69 0.56
C22:0 0.06 ND
C24:0 0.04 0.04
> . Saturates 29.26 22.17
Cl4:1 0.72 0.35
Cl61 1.56 0.98
Cl71 0.67 0.98
Ci&1 891 3.68
C20:1 ND 0.07
Cc2211 0.09 ND
> Monoenes 11.96 11.07
Cl16:2 0.15 0.25
Cl16:3 0.13 0.10
Cl7:2 0.74 0.46
Cl64 0.14 0.15
C182 6.23 5.90
C183 857 9.25
C1&4 15.69 18.73
C20:2 NMID ND ND
C20:2 0.09 0.08
C20:3 0.98 0.96
C20:4 15.34 18.89
C20:5(EPA) 10.64 11.58
C22:2 ND ND
C21:6 ND ND
C224 ND ND
C22:5 ND ND
C22:6(DHA) 0.06 0.41
> Polyenes 58.78 66.76
n-3 34.74 39.29
n-6 23.10 26.72
n-3/n-6 1.50 147
UFA/SFA 2.42 351
MUFA/SFA 0.41 0.50
PUFA/SFA 2.01 3.01
Total 100 100

_19_



Table 10. Fatty acid composition of hijiki (Sargassum

fusiforme) produced in different regions of Korea

Fatty acid composition

Wando Goheung Jindo
C120 0.02 0.01 0.01
C13:0 0.06 0.07 0.06
Cl14:0 345 3.59 3.70
C150 0.32 0.35 0.35
Pristanic ND ND ND
C16:0 20.03 21.22 19.89
Pytanic 0.07 0.07 0.06
CI17:0 1.02 1.23 0.93
C180 0.64 0.56 051
C20:0 0.24 0.18 0.18
C22:0 0.57 0.33 0.31
C24:0 ND ND ND
> Saturates 26.41 27.62 25.99
Cl4:1 0.20 0.27 0.22
Cl6:1 2.23 2.30 2.06
Cl71 0.66 0.56 0.64
CI81 473 4.80 4.99
C20:1 2.04 2.00 1.89
C2:1 2.81 3.15 2.79
> Monoenes 12.68 13.10 12.58
Cl6:2 0.45 0.43 051
Cl16:3 0.22 0.22 0.21
CI7:2 0.45 0.58 0.49
Cl64 0.22 0.11 0.10
Cl182 3.92 353 355
C183 10.05 10.21 10.94
C184 10.71 10.75 11.84
C20:2 NMID 0.12 0.13 0.10
C20:2 0.20 0.17 0.17
C20:3 1.05 0.86 0.97
C20:4 17.52 17.48 1756
C20:5(EPA) 15.71 14.32 14.77
C22:2 ND ND ND
C21:5 0.03 0.02 0.02
C22:4 0.01 0.03 0.02
C22:5 0.10 0.12 0.10
C22:6(DHA) 0.17 0.33 0.02
> Polyenes 60.91 59.28 61.43
n-3 37.90 36.93 38.90
n-6 21.85 21.01 21.29
n-3/n-6 1.73 1.76 1.83
UFA/SFA 2.78 2.62 2.85
MUFA/SFA 0.48 0.47 0.48
PUFA/SFA 2.31 2.15 2.36
Total 100 100 100
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(Limin et al, 2006). #, tAle}, v, %o] ofmjmil
4] 4 © 2 leucine, aspartic acid, glutamic acid, alanine®] 3g=Fo
ow 1 F glutamic acid®] &Ho] 71 =k

ARG e F oopn Ak e & 2571 g/100 g, A 24.66
g/100 go = A Ao wE Apo]= VERA eFSkal, A, ‘:}/\]‘3} ne,
% oA 7MY =8 TS UEHAE Seo 520079 9 F o]

Moo
32
rlr

w2 2 [
o,
I o
w0

5
xS

=AF e 1927 g/100 go & B Aol A ol =4k 7:1401]/\1 =0
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Table 11. Total amino acid composition of laver (Porphyra
tenera) produced in different regions of Korea

Total amino acid (g/100 g)

Wando Busan
Histidine 0.58 0.48
Isoleucine 1.34 1.29
Leucine 2.08 2.01
Lysine 1.26 1.25
Methionine 0.45 0.53
Phenylalanine 1.32 1.28
Threonine 1.56 1.51
Valine 1.34 1.36
> Essential amino acids 9.92 9.72
Aspartic acid 2.40 2.40
Serine 1.29 1.24
Glutamic acid 2.94 2.86
Proline 1.47 1.49
Glycine 1.70 1.65
Alanine 2.36 2.23
Cystine 1.15 0.76
Tyrosine 0.73 0.71
Arginine 1.74 1.60
2.Nonessential amino acids 15.79 14.94
Total AA Somiml 24.66
TEAA/TENN(%) 0.63 0.65
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Table 12. Total amino acid composition of Japanese Kkelp
(Saccharina japonica) produced in different regions
of Korea

Total amino acid (g/100 g)

Wando Busan
Histidine 0.23 0.19
Isoleucine 0.56 0.53
Leucine 0.97 0.90
Lysine 0.67 0.58
Methionine 0.30 0.21
Phenylalanine 0.61 0.56
Threonine 0.59 0.42
Valine 0.68 0.63
>.Essential amino acids 4.61 4.03
Aspartic acid 1.17 1.03
Serine 0.53 0.41
Glutamic acid 1.50 1.24
Proline 0.61 0.56
Glycine 0.70 0.62
Alanine 1.16 0.93
Cystine 0.05 0.11
Tyrosine 0.26 0.21
Arginine 0.57 0.49
>.Nonessential amino acids 6.55 5.60
Total AA 11.16 9.63
TEAA/TENN(%) 0.70 0.72
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Table 13. Total amino acid composition of sea mustard
(Undaria pinnatifida) produced in different regions
of Korea

Total amino acid (g/100 g)

Wando Busan
Histidine 0.38 0.32
Isoleucine 0.88 0.61
Leucine 1.40 1.03
Lysine 0.90 0.71
Methionine 0.39 0.30
Phenylalanine 0.89 0.65
Threonine 1.03 0.61
Valine 0.94 0.74
>.Essential amino acids 6.82 4.98
Aspartic acid 1.67 1.23
Serine 0.87 0.56
Glutamic acid 2.12 1.68
Proline 0.97 0.62
Glycine Tslyi 0.80
Alanine 1.95 1.48
Cystine 0.72 0.10
Tyrosine 0.52 0.29
Arginine 1.15 0.62
>.Nonessential amino acids 11.14 7.38
Total AA 17.96 12.36
TEAA/TENN(%) 0.61 0.67
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Table 14. Total amino acid composition of hijiki (Sargassum
fusiforme) produced in different regions of Korea

Total amino acid (g/100 g)

Wando Goheung Jindo
Histidine 0.22 0.24 0.26
Isoleucine 0.46 0.48 0.49
Leucine 0.74 0.76 0.79
Lysine 0.51 0.52 0.52
Methionine 0.23 0.24 0.24
Phenylalanine 0.48 0.49 0.49
Threonine 0.46 0.47 0.48
Valine 0.54 0.56 0.58
>.Essential amino acids 3.66 3B 3.84
Aspartic acid 1.29 1.29 1.30
Serine 0.42 0.43 0.44
Glutamic acid 1.95 1.93 1.91
Proline 0.41 0.42 0.43
Glycine 0.49 0.50 0.51
Alanine 0.97 0.99 1.01
Cystine 0.02 0.02 0.02
Tyrosine 0.27 0.28 0.29
Arginine 0.44 0.45 0.46
2>-Nonessential amino acids 6.27 6.32 6.37
Total AA 9.93 10.07 10.21
TEAA/TENN(%) 0.58 0.59 0.60
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1. 4. A& &=

AR o w2 aiak A, thAlek, v R mdld gEks A e
AIE Table 15-18¢] Yetlth o=F md&e] =k ZFo] 100 g
2 462.82-2,066.65 mg (1,984.49+588.01 mg)o. 2 7Fd o] 5ol 3l
o tgow UEF 12361-360.76 mg (141.49+8569 mg), Z&
1800-131.29 mg (102.62%3350 mg), vkZul¥r 28.10-61.43 mg
(56.35£14.39 mg), ¢! 28.10-61.43 mg (38.01£11.46 mg) <=olich. m =k
njZe] gake 22 =7k 100 g9 0.23-94.82 mg (11.87+29.78 mg) o=
M B d5Es vehglon, o2 F 046-359 mg (0.87+1.03
mg), °}4 0.14-0.93 mg (0.60+0.26 mg), & 0.00-0.07 mg (0.05+0.03
mg) ol AHEH} EBde 000-0.01 mgo® 79 WFEow A=
= AT,

Ruperez (2002)¢] 1ol A slzfF9o o mvld a2 100 ¢ ZF
3,184-11579 mg (6256.80+3,710.65 mg), UYEF 3627-7064 mg
(4,849.60+1,430.22 mg), #1vl% 565-1,181 mg (826.20+25451 mg), Z
% 390-1,005 mg (736.80+304.45 mg), & 3.29-10.3 mg (5.86+2.98 mg),
ofal 1.7-7.14 mg (3.31£2.29 mg) B3+ 0555 mg (2.18+2.04 mg) 12|
I (<05 mg) wo R B AP A H=d o dERTh

1.4.1. #

Il A AAbE = S 2 F4E el digk mdlE 3t A3E Table
1591 YERE 100 g mgo2 ®AISIATE v njv2e] H9- ZFol
$% 13286319341 mg, H-AF 462.82+11.00 mgo.2 vulg g T M
2 S e oY A Ao mE FoAQl Aol dEuTE
(P<0.05). 5oz YEFo] ¢% 3325142286 mg, F4F 123.61£12.73
mg °|al, ZeS g5 72834578 mg, F4F 18.00+0.71 mglE UEF

_27_



i)
e
iy
rlo
e
k1
oY

) zm Haste] feldow we gl

(P<0.05). 18]ar wlavlsE (ke 63.34+10.24 mg, F4F 29.01+0.63 mg)}
A= 61.43+7.71 mg, F4F 35.0240.49 mg) s=ol ATHPL>0.05). w]ZFH| ]
2 H(PE 359+1.70 mg, FAF 1.63+0.29 mg), 8 2.=(1.27+0.12 mg,
2.33£0.00 mg), °oFA(¢= 0.93+0.68 mg, F4F 0.38+0.00 mg), T&(&%=
0.0240.03 mg, 74k 0.06£0.01 mg) o= 89=9 75 F4b Fo] {9
Hor we dEe JeEhllaL, 2 99 v vdE e AR I
<= YWERHRAT Seo 5(2007) Aol Alkak e widlE g2 100 g
3 Z 206.20+3.20 mg, YEF 345004340 mg, ZF 546.00+6.30 mg, "}

adls 88.00+4.30 mg, # 11.70+050 mg, °Fd 4.14+060 mg, ¢
0.05+0.01 mgol At 2+ % do] o] & Ag-ayeld tha w2 &
F& HERA AT

1. 4. 2. A=}

S A AatEe gx g FEAF tiaekd gigk ndg g AnE
Table 1691 YERAATE NFRDI (2009)2] 3h= FAME AR FolA 7143
100 g& thAlwke] wulE shFs 2AeE A3 2445 103 mg, 91 23 mg,
A 24 mgelddth ¥ AFATA tAlukE ¢k 30584622 mg, Al
64.89+1.62 mgoZ ZFoAE AolE yEhlY, Az He] He v]szg
FFS UERNATE 2 ATFATA BAA G e x5 ik oA
npo] wulE e zbol= o)A el Apolzb fUATHL>0.05). ZEH 2=

S ZAFS 9% 751611171 mg, FAF 1,426.81+44.68 mgo]il, L9
=& 9% 17564805 mg, FAF 9482+14.36 0.2 Z47te] Fakol A f-oH o
2 a7 AATHP<0.05).
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1. 4. 3. 149

ArA e e gx= g Ak mje] vylR ghs Table 170 WE
itk o wdEe]  Ae ZE@E 773301375 mg, FAF
1,111.81£57.69 mg), HEF(&%=
ZHr (9 77134042 mg, FAF
mg, F4F 54.49+1.92 mg), (= 46.86+1.77 mg, FAF 54.07+4.14 mg)
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1. 4. 4. %

Table 188 Ao W& ¢x uE 2 A% Fo gk 7k 100 g
g vdgE e dEd Zolvh o g Ag, ZE
1,91651-2066.65 mg (1,989.22+75.18 mg) . & 7FF =& ko, ok
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Table 15. Mineral contents of laver (Porphyra tenera) produced in

different regions of Korea

Laver (Porphyra tenera)

Mineral
(mg/100 g) Wando Busan
Ca 72.835.78"* 18.00£0.71"
P 61.43+7.71 35.02+0.49
Na 332.51£22.86° 123.61+12.73"
K 1,328.63+93.41° 462.82+11.00°
Mg 63.34+10.24 29.01+0.63
Fe 3.59+1.70 1.63+0.29
Zn 0.93+0.68 0.38+0.00
Cu 0.02+0.03 0.06+0.01
I 1.27£0.12° 2.33+0.00"
Se 0.01+0.00 0.01+0.01
Mo 0.00+0.00 0.00+0.00

"Mean+standard deviation
Different superscripts within a same column are significantly different by Duncan’s
multiple range at <0.05
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Table 16. Mineral contents of Japanese kelp (Saccharina
japonica) produced in different regions of Korea

Mineral Kelp (Saccharina japonica)
(mg/100 g) Wando Busan
Ca 39.58+6.22" 64.89+1.62
P 33.20+5.54 28.10+1.48
Na 177.71£10.46 207.75+1.96
K 751.61+11.71" 1,426.81+44.68"
Mg 34.11+5.90 40.04+0.76
Fe 1.79+1.05 0.95+0.04
Zn 0.39+0.37 0.18+0.00
Cu 0.01+0.01 0.00+0.00
I 17.56+8.05" 94.82+14.36
Se 0.00+0.00 0.01+0.01
Mo 0.01+0.01 0.00+0.00

"Meantstandard deviation
Different superscripts within a same column are significantly different by
Duncan’s multiple range at P<0.06
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Table 17. Mineral contents of sea nmustard (Undaria pinnatifida)
produced in different regions of Korea

Mineral Sea mustard (Undaria pinnatifida)
(mg/100 g) Wando Busan
Ca 77.13+0.42" 78.72+4.14
P 46.86+1.77 54.07+1.80
Na 315.45+13.66 360.76+39.59
K 773.30£13.75™ 1,111.81£57.69°
Mg 54.54+1.22 54.49+1.92
Fe 1.01£0.15 0.46+0.06
Zn 0.18+0.00 0.14+0.00
Cu 0.00+0.00" 0.03+0.00°
I 0.23£0.01" 1.12+0.10°
Se 0.01+0.00 0.01+0.01
Mo 0.00+0.00 0.00+0.00

"Meantstandard deviation
Different superscripts within a same column are significantly different by
Duncan’s multiple range at P<0.06
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Table 18 Mineral contents of hijiki (Sargassum fusiforme) produced
in different regions of Korea

Mineral Hijiki (Sargassum fusiforme)
(mg/100 g) Wando Goheung Jindo
Ca 102.62£5.49""  131.20+4.88""  9547+0.52"
p 38.01+0.83 53.17+0.30 52.43+17.52
Na 141.49+6.05 277181630  221.08+41.48
K 1,984.49+52.22 19165141312 2,066.65+35.92
Mg 56.35+3.98% 74.69+4.19° 50.77+1.20
Fe 0.87+0.08" 2.95+0.01° 1.45+0.16"
Zn 0.60+0.01° 0.39+0.01° 0.16+0.01°
Cu 0.05+0.00" 0.07+0.00° 0.00+0.00°
I 11.87+0.00 13.60£0.00 21.07+3.08
Se 0.00+0.00 0.01+0.00 0.01+0.00
Mo 0.00+0.00 0.000.00 0.00+0.00

"Meantstandard deviation
Different superscripts within a same column are significantly different by
Duncan’s multiple range at 2<0.06
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2. ARG mE sxFo vvR HAY R FEB7L
2. 1L "vlg AHZ

A A gAlvh e, 2o midlE A3 EE dotRy] Sl e
A 18] AH A AFAAES ekt ASAAES 2014 =7A
FAdFA A B5HE 3 9

FolA A, hAlvh w9, X Zh2ke) v
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& 2488-66747 mgo 2 Ak ThAlvlel A 7bg =L ghe UEhS
oh v vdize] 49 4 043-29.84 mg, okl 0.08-650 mg, T2
0.00-0.17 mg, 0.90-1580.65 mgo.2 717} thAwke] g3 &o] 743
=AU
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Table 19. Maximum and minimum value one intake of laver
(Porphyra tenera) produced in different regions of

Korea
Intake of laver (mg)
Wando Busan

Min Max Min Max

Ca 0.01 11871 0.00 29.34
P 0.01 100.13 0.00 57.08
Na 0.03 541.99 0.01 201.48
K 0.13 2,165.67 0.05 754.40
Mg 0.01 103.24 0.00 47.29
Fe 0.00 5.85 0.00 2.66
Zn 0.00 1.52 0.00 0.62
Cu 0.00 0.03 0.00 0.10
I 0.00 2.07 0.00 3.80

Table 20. Maximum and minimum value one intake of Japanese kelp

(Saccharina japonica) produced in different regions of

Korea
Intake of Japanese kelp (mg)
Wando Busan
Min Max Min Max
Ca 0.00 659.80 0.00 1,081.72
P 0.00 553.44 0.00 468.43
Na 0.00 2,962.43 0.00 3,463.19
K 0.01 12,529.34 0.01 23,784.92
Mg 0.00 568.61 0.00 667.47
Fe 0.00 29.84 0.00 15.84
Zn 0.00 6.50 0.00 3.00
Cu 0.00 0.17 0.00 0.00
I 0.00 292.73 0.00 1,580.65
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Table 21. Maximum and minimum value one intake of sea mustard
(Undaria pinnatifida) produced in different regions of

Korea
Intake of sea mustard (mg)
Wando Busan

Min Max Min Max

Ca 0.01 302.35 0.01 308.58
P 0.00 183.69 0.01 211.95
Na 0.03 315.45 0.04 1,414.18
K 0.08 3,031.34 0.11 4,358.30
Mg 0.01 213.80 0.01 213.60

Fe 0.00 3.96 0.00 1.80

Zn 0.00 0.71 0.00 0.55

Cu 0.00 0.00 0.00 0.12

I 0.00 0.90 0.00 4.39

Table 22. Maximum and minimum value one intake of hijiki
(Sargassum fusiforme) produced in different regions

of Korea
Intake of hijiki (mg)
Wando Goheung Jindo
Min Max Min Max Min Max
Ca 0.06 50.28 0.08 64.33 0.06 46.78
P 0.02 18.62 0.03 26.05 0.03 25.69
Na 0.08 69.33 0.17 135.82 0.13 108.33
K 1.19 972.40 1.15 939.09 1.24 1,012.66
Mg 0.03 27.61 0.04 36.60 0.03 24.88
Fe 0.00 0.43 0.00 1.45 0.00 0.71
Zn 0.00 0.29 0.00 0.19 0.00 0.08
Cu 0.00 0.02 0.00 0.03 0.00 0.00
I 0.00 5.82 0.01 6.66 0.01 10.32
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Table 23. The maximum and minimum nutrient intake rate of laver
(Porphyra tenera) produced in different regions of

Korea

Nutrient intake rate of laver (%)

Wando Busan
Min Max Min Max
Ca 0.00 15.83 0.00 3.91
p 0.00 14.30 0.00 8.15
Na 0.00 36.13 0.00 13.43
K 0.00 61.88 0.00 21.55
Mg 0.00 30.37 0.00 1391
Fe 0.00 58.52 0.00 26.57
Zn 0.00 15.16 0.00 6.19
Cu 0.00 4.08 0.00 12.23

I 0.08 1,380.07 0.16 2,531.93

Table 24. The maximum and minimum nutrient intake rate of Japanese
kelp (Saccharina japonica) produced in different regions

of Korea
Nutrient intake rate of Japanese kelp (%)
Wando Busan

Min Max Min Max
Ca 0.00 87.97 0.00 144.23
P 0.00 79.06 0.00 66.92
Na 0.00 197.50 0.00 230.88
K 0.00 357.98 0.00 679.57
Mg 0.00 167.24 0.00 196.31
Fe 0.00 298.39 0.00 158.37
Zn 0.00 65.01 0.00 30.01
Cu 0.00 20.84 0.00 0.00
I 0.12 195,150.13 0.63 1,053,766.27
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Table 25. The maximum and minimum nutrient intake rate of sea

regions of Korea

mustard (Undaria pinnatifida) produced in different

Nutrient intake rate of sea mustard (%)

Wando Busan
Min Max Min Max
Ca 0.00 40.31 0.00 41.14
P 0.00 26.24 0.00 30.28
Na 0.00 82.44 0.00 94.28
K 0.00 86.61 0.00 124.52
Mg 0.00 62.88 0.00 62.82
Fe 0.00 39.59 0.00 18.03
Zn 0.00 7.06 0.00 5.49
Cu 0.00 0.00 0.00 14.70
I 0.02 601.07 0.07 2,926.93

Table 26. The maximum and minimum nutrient intake rate of hijiki

of Korea

(Sargassum fiusiforme) produced in different regions

Nutrient intake rate of hijiki (%)

Wando Goheung Jindo
Min Max Min Max Min Max
Ca 0.01 6.70 0.01 8.58 0.01 6.24
P 0.00 2.66 0.00 3.72 0.00 3.67
Na 0.01 4.62 0.01 9.05 0.01 7.22
K 0.03 21.78 0.03 26.83 0.04 28.93
Mg 0.01 8.12 0.01 10.76 0.01 7.32
Fe 0.01 4.26 0.02 14.46 0.01 7.11
Zn 0.00 2.94 0.00 1.91 0.00 0.78
Cu 0.00 3.06 0.01 4.29 0.00 0.00
I 4.75 3,877.53 5.44 4,442.67 8.43 6,382.87
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Fig. 1. Percentage of maximum nutritional intake of Ca, P in laver, Japanese kelp, sea mustard,
hijiki

WL:Wando laver, GL:Busan laver, WK:Wando Japanese kelp, GK:Busan Japanese kelp, WM:Wando sea mustard,
GM:Busan sea mustard, WH:Wando Hijiki, HH:Goheung Hijiki, JH:Jindo Hijiki
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Fig. 2. Percentage of maximum nutritional intake of Na, K in laver, Japanese kelp, sea mustard,
hijiki

WL:Wando laver, GL:Busan laver, WK:Wando Japanese kelp, GK:Busan Japanese kelp, WM:Wando sea mustard,
GM:Busan sea mustard, WH:Wando Hijiki, HH:Goheung Hijiki, JH:Jindo Hijiki
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Fig. 3. Percentage of maximum nutritional intake of Mg in laver, Japanese kelp, sea mustard,
hijiki

WL:Wando laver, GL:Busan laver, WK:Wando Japanese kelp, GK:Busan Japanese kelp, WM:Wando sea mustard,
GM:Busan sea mustard, WH:Wando Hijiki, HH:Goheung Hijiki, JH:Jindo Hijiki
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Fig. 4. Percentage of maximum nutritional intake of Fe, Zn in laver, Japanese kelp, sea mustard,
hijiki

WL:Wando laver, GL:Busan laver, WK:Wando Japanese kelp, GK:Busan Japanese kelp, WM:Wando sea mustard,
GM:Busan sea mustard, WH:Wando Hijiki, HH:Goheung Hijiki, JH:Jindo Hijiki
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Fig. 5. Percentage of maximum nutritional intake of Cu, I in laver, Japanese kelp, sea mustard,
hijiki
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WL:Wando laver, GL:Busan laver, WK:Wando Japanese kelp, GK:Busan Japanese kelp, WM:Wando sea mustard,
GM:Busan sea mustard, WH:Wando Hijiki, HH:Goheung Hijiki, JH:Jindo Hijiki
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3. % o] =2k tryptophang A€k 17712 FA o] w=2bS #4615
o P 4ks AFEW F4E AR F dAIFSE leucine,
aspartic acid, glutamic acid, alanine®] 3dt#o] TRES A 351% oM,
1 % glutamic acid®] gtEFol 7HE =l WEbwo LA E ) ohA
uf, v Eo] F oopmn4b R 7 24.66-2571 g/100 g, T©RAIWE
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