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Nutritional Composition and Biological Activities of the Methanol Extracts of Sea Mustard (Undaria
pinnatifida) in Market, Jae-Suk Choi, Hee-Jung Bae, Yang Chun Kim', Nam-Hee Park', Tae Bong Kim?,
Young Ju Choi’, Eun Young Choi*, Sun Mee Park® and In Soon Choi*. RIS, Industry-Academic Cooperation
Foundation, Silla Universif'g, Busan 617-736, 1Gijang Local Products Co., and 2Gijang Fishery Guild Co,,
Gijang-gun, Busan 619-900, *Department of Food and Nutrition and *Department of Life sciences, Silla University,
Busan 617-736, Korea - This research was performed to determine the proximate compositions, mineral
contents, alginic acid, antioxidative activities and amino acids of sea mustards (Miyeok: Undaria pinnatifi-
da) collected from Gijang and Wando area. Ash content was higher in Gijang samples, whereas carbohy-
drate and moisture were higher in Wando Sil Miyeok. General compositions of dried sea mustard
showed different contents as manufacture’s company and places. The major free amino acids were hy-
droxyproline, alanine, glutamic acid and asparagine in Gijang samples. Both Gijang and Wando Sil
Miyeok showed lower contents comparing with Gijang Gadak Miyeok. Major mineral content was Na,
K, Ca, Mg and P, and especially, Na and K were the most abundant in both Gijang and Wando sea
mustards. Alginic acid content was almost similar in both sea mustards. Antioxidative activity of meth-
anol extract of sea mustards was measured by using DPPH radical scavenging and SOD-like activity.
DPPH radical scavenging activity was 45.5% (40 pg/ml) in Gijang Gadak Miyeok and 37.0% and 26.0%
(40 pg/ml) in Gijang and Wando Sil Miyok, respectively. SOD-like activity of Gijang and Wando Sil
Miyok was 63% and 71% (10 pg/mi), respectively. These results show that biological activities depend
on Miyeok manufacture’s process. When stimulated macrophages RAW264.7 cells with lip-
opolysaccharide (LPS), inhibition of NO production in Gijang Sil Miyeok (44.2%) was 9% high comparing

with that of Wando Sil Miyeok (35.7%).
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Table 1. General compositions of dried sea mustard (U. pinnatifids) from Gijang, Jindo and Wando area

(g/100 g dry weight)*

Seaweeds Compan Moisture Ash Crude fat  Crude protein Carbohydrate Calorie
(area) Py (%) (%) (%) (%) (%) (keal)
C Co. 9.17+0.23 33.67+0.11 0.35:0.13 1340:026 43411046  230.67+2.08
Gadak Miyeok G Co. 9.18+0.26 31.22:0.03 0.62:0.16 1168:012 47311016  241.67+2.08
(Gijang) S Co. 9.07:0.12 31.710.08 0.54+0.07 1508:019 4360029  239.67+0.58
Mean 9.14+0.06 32.20+1.30 0.53:0.14 13394170 4477220 237.34+586
G .
adal;gf)y @k N co. 9.08:+0.13 29.36£0.17 147+026 16595021  4349:039  253.67+1.15
D Co. 9.15:0.22 31564019 1.13£0.26 1627037  41.90:054  242.67+1.15
Sil Miyeok G Co. 5.01+0.06 4120+0.18 1,090.11 14112004  3859:021  220.67:1.53
(Gijang) S Co. 10.06:0.22 24.80+0.04 0.99:0.13 1826+022  4589:012  252.33+2281
Mean 8.07+2.69 32524824 1.07:0.07 16212208 4213366  238.56:16.23
C Co. 8.77+0.06 27.71:0.05 1.18+0.14 1716022 4518032  260.00+1.00
Sil Miyeok K Co. 4484340 28.16+0.14 141021 1855022  4739:338  27633+1447
(Wando) T Co.  11.06:0.19 24.97+0.07 1.300.16 17641020  4502:005  262.33+1.53
Mean 8.10+3.34 26.95+1.73 1.30:0.12 17.78:071 4586132  266.22:8.83

' Data are mean value of triplicate determinationststandard deviation
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Table 2. Free amino acid compositions of dried sea mustard (U. pinnatifida) collected from Gijang, Jindo and Wando area

Gadak Miyeok ngak Sil Miyeok Sil Miyeok
. . " Miyeok N
Amino acids (Gijang) (jindo) (Gijang) (Wando)

CCo. GCo S Co Mean N Co. DCo. GCo. SCo. Mean CCo. KCo. TCo Mean
phosphoserine 13.0+1.0  00+00 149410 93481 07:01 0902 0703 00+00 05+05 02+00 08401 0.0+00 0.3+04
taurine 37+08 29+07 29417 3205 03+01 01+01 0101 02#01 01+01 02+01 0.1+00 0000 01201
phosphoethanolamone  27+0.6  1.7+05 13+07 19+07 02+01 00200 00+00 00400 00+00 0000 0.0+00 0.0+00 0.00.0
hydroxyproline 152.0+41.3 96.6+14.7 118.3+63.6 122.34279 36210 02:0.1 16223 00:00 55493 0.0+00 0.0+00 0.0:00 0.000
threonine* 76101 74206 77+75 76102 05:03 00:00 00+00 00:00 0000 00+00 0.0+00 0000 0.0+0.0
serine 142425 129+11 125459 132489 06+04 00:00 31+05 00+00 1.0+1.8 0000 0200 0.0+00 0.1+0.1
asparagine 310149 311419 4404219 354475 89£25 00200 31+21 00+00 1.0+1.8 0201 09+02 0.0+00 04205
glutamic acid 7961206 526453 689324 6704136 6120 7619 65189 00+00 47+41 0.0+0.0 04+03 04202 03202
sarcosine 52+46  00+00 01+00 18£3.0 02:01 00+00 00+0.0 00+00 00+00 01+00 06+03 03+01 03%0.3
proline 312414 377+18 3224160 33.7+35 2113 00400 7629 00+00 25+44 01200 03+01 0000 01202
glycine 151431 156+12 114451 140423 1005 03:02 08+03 0.0+00 04+04 0.0£00 0.0+00 0.0+00 0.0+0.0
alanine 126.9+23.9139.216.6 169.0£77.0 145.0+21.6 24.9+11.1 251+38311.0+5.8 0.0+0.0 12.0+12.6 0.9+03 0.4+03 15+09 0906
citrulline 108409 79456 0.0+00 6356 00£00 0402 01+00 00+00 02+02 0100 05202 0.0+00 02203
a-aminobutyric acid 22+04 2804 23+14 24403 00:00 00:00 0000 00£00 00+00 0.0+00 0.0+00 0.0+00 0.0+0.0
valine* 46:01 46412 84438 59+22 02+01 00100 15+08 0.0+0.0 05+08 0.0+0.0 0.0+00 00400 0000
cystine 02:01 01+00 02401 02406 0.0£0.0 3429 01+00 00+00 12+19 0000 0000 00+00 0.0+0.0
methionine* 13+04 20413 28421 20:08 00:00 01+00 01+00 00+0.0 01+01 0.0+00 1.3+05 0201 0507
DL-allocystathionine 56127 3102 43£22 43+13 16106 36221 15+11 01:01 17+18 01«01 05:01 0000 02+0.3
isoleucine* 31:01  28+08 54434 38:14 0.0:00 2415 06102 00+00 1.0+12 01£01 02+01 03+02 02401
leucine* 66412 55+13 9952 73423 0502 0809 06+07 00+00 05+04 01400 00£00 09+03 03205
tyrosine 47403 56+04 6535 5609 0201 4321 02+01 00+00 15+24 0.0+00 0.0+00 0.0+00 0.0£0.0
phenylalanine* 73+12  54+10 6436 6410 03+01 1106 14+07 0.0+00 0807 0.0+00 0.0:00 0.0+00 0.0+0.0
ethanolamine 82102 65+07 87+40 78+12 04202 00+00 09+09 00x0.0 03405 0.0+00 0.0+00 0000 0.0+0.0
ammonium chloride 142427 20.0+29 169:79 17029 38+21 32+16 38419 32+17 3403 35+1.0 45:20 26109 35410
ornithine 2501 19+03 27+14 24104 00:00 00+00 00+00 0000 0000 00+00 00200 0000 0.0+00
lysine* 93+1.0 71410 114459 93122 07:02 00£00 05+03 00+00 02+03 00+00 0.0:00 0.0:00 00100
1-methylhistidine 0502 04+02 0401 04101 01£00 65+21 00400 00+00 0000 00+0.0 0000 00+00 0.0+0.0
histidine* 12402 13402 14205 13101 00+00 22+05 0.0:00 00+00 07+13 00+00 00+00 0.0+00 0.0+0.0
carnosine 01200 13+#11 03401 06406 50:23 0000 0000 00+00 00+00 04402 0000 00+00 01202
arginine 129101 122+16 13.7+69 129408 31+19 8828 0.0:0.0 00+00 2951 02400 00+00 0.0+00 0.1+01

* Essential amino acids

T Data are mean value of triplicate determinations+standard deviation (mg/100 g dry weight)



Table 3. Mineral contents in dried sea mustard (U. pinnatifida) from Gijang, Jindo and Wando area
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(unit: mg/100 g)"

Seaweeds (area) Company Na K Ca Mg Fe Zn P
C Co.  39060+1Z.22 64447+372  7047+057 8312:046 072:0.01 10.94+0.08 4596037
Gadak Miyeok G Co.  43683:2576 48024134 8019150 91.09+078  0.66:0.04 0255023  50.94£2.17
(Gijang) S Co.  35397:2.08 41723222  7815:065 90.63:042 067000 0142000 4653013
Mean  3938:4153 513.98+11731 7627+513  8828+447 068:003  017:008 47.81+273

Gadak Miyeok

a ?Jm dol)y % N Co. 52510:321  137.83+2318 10117095  94.86042 106000  030:0.00 59241043
D Co.  75835:6318 26469259  7178:045  63.60:038 066000  020:0.00 35.82:0.39
Sil Miyeok G Co. 125933+11.15 55854:2241  5836+068 28.03:023 096:01 034000 4535:053
(Gijang) S Co. 523304646  417.63:7.60  5852+121 3353+053 087:001  027£000 31.08035
Mean 84696137598 413.6214697  0.63:008 4172:1914 0014000  027+0.07 37.42:7.27
C Co. 57893885 354004108  7606+077 67214038 170:002 020001  36.06:097
Sil Miyeok K Co.  60L77+637  1145:042 10897333 7883+1.07 3.04:009  046+0.03  50.53+1.87
(Wando) T Co. 474334409 45852+1324 136184500 8445:180 272:010  045:0.04  62.44+4.95
Mean  551.68+67.95 274.66+233.86 107.06+30.10 7683879 248:070 037015 49.68+13.21

" Data are mean value of triplicate determinations+standard deviation
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Seaweeds (area)  Company  Alginic acid (g/100 g) '
C Co. 24.83+0.92
Gadak Miyeok G Co. 27.562.43
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Mean 27.01+2.00
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Mean 21.61+8.71
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Sil Miyeok K Co. 23.61£6.83
(Wando) T Co. 26.96+2.15
Mean 26.83+3.16
" Data are mean value of triplicate determinationststandard
deviation
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71745 g e A Ezit& T, 0 e 2
Lee F[15]9] Ao} £ 2
AN FFS wwy A —iL
Abudg AFskel AAE F, G FEE v Lee
[18]9] A}t freojs AT

Q

=
A3 AA dFHE S5 2 W =49 A9
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% FULHE AR, v 2 g S ag 6
of d%E ¥FH Ymed, LA} E Ao TA
ATH23]

HXIB0{S(Electron donation ability: EDA) &3

g4kl &4 DPPH radical scavenging 848 243}
oA 1% 2 AZA 7tgu s 713 2 9e An)dg)
DPPH #t)Zd £4%E B39 rHTable 5). 713 2 A%
A e o) Hes $258 40 ug/ml =4 DPPH 2
Uz &A% 339 29, 247 455% 2 3B35%= 7| FAt
7tar Qo)X DPPH itz 2750 4 veyton, 7]
B R AR Ao s B 747t 37.0%9) 27.0% 2
GA 7Pt Aulgo] 2AEHT) B Ao BAHAT.
oAke] A$-= 7184ke] Ao vls) DPPH 2oz &
Asol £& 202 Huso JloH[5], o8 AFe iz
7o AA L B3 #AVL e AoE Aztgr

g3 842 |25 £A8t= polyphenold] Fekst
DA dAVL Ao, Az we g Zolrt Y&
ALz deA A1) AT 5L A8 flavonoid Z
polyphenold 2 Fol & 413} 289 Nx2 ¢l
ow, o] EAEL free radicale LA A A3
A7l 5ol &t o8 its} BAEL FHNAE 1)
8 08 f3F g gg 2A2HE 79E 5 9o
o, AA oA free radicalo] )3t =85 AR5t Fre
o]-§% + glth25]

Table 5. DPPH radical scavenging activity of methanol extracts
of dried sea mustard (U pinnatifida) from Gijang, Jindo
and Wando area

Seaweeds DPPH radical scavenging activity (%)"

ompany
(area) 4(pg/ml)  20(ug/ml)  40(ng/ml)
Cadak | C G0 2250:071 3300+141 43.06+0.05
Miveok G Co- 28008000 3550:071  42.00:0.02
(Gi.yan ) SCo  2200:000 3650:065 51502077

N8} Mean  2417:333  35.00+1.80 45524521
Gadak
Miyeok N Co. 1750+0.71 2550£052 33.50+0.29
(Jindo)

il D Co. 23.00+141 30.50:354 4250+212
Mook C o 2850:519 35004849 4050:418
(ci'yan ) SCo 13001020 1950:082 2800:141

N8) Mean 21501786 2833:7.97  37.00+7.86

si C Co. 1900+141 2500:283 29.00:2.83
Miveox K Co. 21001283 2650:052 29.50+0.71
(Wayn do) TCo 1000173 1600142 22505212

Mean 1667586 2233:551 27.00+3.91

" Data are mean value of triplicate determinationststandard de-
viation

SOD RAIEIM (Superoxide dismutase-like activity:
SODA &%H)

N R AR gugR 713 R gEit dred
methanol F&&& ©] &3t SOD #4124 34 Zds
Table 69 e} yitt. SODA 4 2%, v]¥ o) vg &35
TEIt FUtEeE s AUt SUtegla, 1 2 A
A Fheulge] SOD ALY 2zt 661%3F 725% (10
mg/m)§om. 713 % ¢=t dv)9e] SODA fAHY 2

22} 63.0%F 71.4% (10 mg/ml) & =4 = o], SOD-like 4]
& x4 Zher| g3t SEit A 99 methanol 289
A ¥A Yebsoh Superoxide dismutase (SOD)& 3H4ts}
BEAEXM HE {33 oxygen radicals 54 E A
FA7)13 A catalasedl) 9f3to] F3 & BAe A4}
E AEAA 4042 R AAE Biske Ao 49
A UtH21]. SODe #AFo] vlnd & A2 A doju}
dzbE]o) Fsto] o]y G HAT 5 gle AEAEA
2 Ao A Aol FAIRE SOD {rAIEA B4 tig A+
7} Ao 9k

NO M4 Nl &1}

W (Escherichia coli)ol <8te] A bacterial lip-
opolysaccharise (LPS)E th 44| 2o 2 2]3ld NOE 54|
2 F, 718 2 ARG g ga 713 2 geqt Avy
o MEEFEEE 474 AFstd NO $44 e 9%

Table 6. Superoxide dismtase (SOD)-like activity (%) of dried
sea mustard (U pinnatifida) from Gijang, Jindo and

Wando area
Superoxide dismutase (SOD)-like
Se(aa‘_:,eeae)ds Company activity (%)*
1pg/ml)  5(ug/ml)  10(ug/ml)
Cadak | CCo 44382231 5670:159 72474631
M.a ak G Co. 3069:537 4606727 6848+3.20
GT?'GO S Co. 2523344 4673+316 57.37+6.03
(GHang)  \ean  3343:986 49831596 6611782
Gadak
Miyeok N Co. 3400:2.69 4624552 72.46+3.67
(indo)

il D Co. 3634719 6439336 8557+9.02
Mi ! . GCo 2872644 46741557 7011:862
G?:: S Co. 1751447 32.22+438 33.46+3.94
(CHaNg)  Mean 27504947 47781611 63.05:26.76

i C Co. 3341:123 52.62:3.64 68.67+975
- leok K Co. 3865466 56.78+7.88 64444843
Wy Gy T Co 3385331 6237:55 81164803
(Wando) o 35301291 57268489 7142:860

" Data are mean value of triplicate determinationszstandard
deviation



Table 7. Inhibitory effects of NO synthesis (%) of methanol
extracts of dried sea mustard (U. pinnatifida) from
Gijang, Jindo and Wando area

Seaweeds (area) Company Inhibition of NO synthesis (%)"

C Co. 61874238

Gadak Miyeok G Co. 2015857

(Gijang) S Co. 4016+1.00

Mean 407342087

Gadak Miyeok ) 28.60+3.09
(Jindo)

D Co. 52034251

Sil Miyeok G Co. 44194632

(Gijang) S Co. 36.44+10.26

Mean 4422+ 7.78

C Co. 32.97+2.24

Sil Miyeok K Co. 39.03+2.38

(Wando) T Co. 35.15+1.40

Mean 35.72+3.07

" The final concentration of the sample was 200 pg/ml

Data are mean value of triplicate determinations+standard
deviation

& ZA}8IY tH(Table 7). ZF w14 9] methanol FEE(200
g/m)& Helskel LPSO] o & NOAAE As) ashe 7% 3
EA 7hge o) A 7k 407% 9k 286% 5 0.8, 714 &
S Aul o] NOYA As) &b 27} 44.2%9} 35.7% 2
Sr)gst duje BT 714 NOBA A go] 2
Ao2 vyttt o] g A w9 methanol £ 0] A
A71ed DR BAY} ALE BoFE Aol

NO= th#-&89 ZHF 559 AZolM A4 14
AdME 3314 A3 A BA2A AN e 8% 2
A3 299 $R 2 23479 432E, 242N
Abe & 5 24 5 Aggtgor a8 9%e @
[7]. A 9508< ¢ =d YANE FHd AHe5

5 AASE WA HUE superoxide anion®] A§A
& A5t 71t NADPH oxidased] &4& Zax7)% w4
[27]°] 9% ¥F JA FFAR T U}

HESREYL MITEN S Bolo] 24890 LPSE
A" dANEE o 50% BT AERAE JeyAw
RFEES WA AAFELE JEHE Ho] B2
fAtHdata not shown).

2 ¢
ABEE 71, AR L SR F9) SAEGIEo o
% Avje)e YR, 1FFS, feolulna H, 27
S 9, o3 Ans F93 ABE 2AE 2 o
Qo BB Wla, AT
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299, 95 §33 B2edN
Aslon, Hwe) A, AR Avoe 325%,
90]9 e 266%5 e 7134 vl ta
& e nYth 22 3%, 1R sl e 053%,
' 47%2 e A4 shehu e 24

& AeE YeyT.

Ztenge Fa frelobv =4k hydroxyproline, ala-
nine, glutamic acid, proline “1&) 1 asparagineo| %05, 2
W floluldl ko) AX wo} v 4 TAo
mehd Be felopinite] 24E o2 e

4TFY ToF45942Na, K, Ca, Mg)3} 3259 v %7
& A4 (Fe, Zn, P)o] & vlwd A, Ca, Fe, Zn, Mg 1
@5 P g J144 hee|ga Ande) va) g
Ahetuledst Alele) ggo) E& Ao ekt

Qe FFE ARl A AFY 9@ ol
Qeon, Arlele] A% e Aulel60%)0] 7144 A
o 9(21.0%)e HE oA %2 ke YeEhgich

DPPH 2}0)2 2758 713 2 A2 stetu o) dje
& FEE O pg/ml F=ANN G A, 747} 455% 2
335%2 7132 Fhet| el Bz 2A%0] B4 ek
o, 714 % 9 Avqe] A 47 37.0%9) 27.0% 2
7134 Aujd e BoF AAZHTL 5 AoE BYEY
o SOD fAE4E 24 2, £2%F 37t 371843
Farst a3t S48t AR, 71 2 AR shee 9] g
£ F2E(10 mg/mh9] SOD HAZAHL 247 66.1%9}
725%% e, 71 32 SEA Aujde wg
mg/ml)¢] SODA FAIZA L 747} 63.0% 2 714%E £4
9l

LPSe] 93] =8 NO §4& 7|99 methanol %
S 200 pg/miEEE ASHLL W, 713 2 FEy A
O 84L& 77+ 44.2%9} 357% % et on 7hgv
e 71 B Axibol 247} 407% %} 28.6% = Vet
A mE Aol EAT 53] 7hy gl mat g4
Aol 24dEHE AoZ Yyt
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