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Comparison of Aquacultured and Wild Undaria pinnatifida
Thalli for Evaluation of Eight Quality Standards
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Eight quality standards of the brown seaweed, Undaria pinnatifida were designed and evaluated with dry
products collected from aquacultured and wild areas. Contents of n-3 fatty acids (stearidonic acid and
eicosapentaenoic acid), anti-edema activity, and total carbohydrate were measured as functional criteria.
Total bacteria and molds were counted for safety conditions. Amounts of a brown pigment fucoxanthin,
debris, and moisture were measured to evaluate the visible status of the products. When the seaweeds
were tested in 1 g dry weight basis, they showed n-3 fatty acids in the range of approximately 0.2-2.8
mg, total carbohydrate of 0.39-0.71 g, total bacteria of 10*° cells, mold of 10* cells, fucoxanthin of 0.4-1.5
mg, and debris of 10-24 mg. Anti-edema activity was 0.03-0.47 AU at 40 mg/mL extract. Moisture content

was 11.4-12.6%.

Key words: Brown seaweed, Quality standard, Safety standard, Undaria pinnatifida
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ok 134 S2F2A, A4k S-eue, 9B 229
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gslEo] 1 Ba thEe g Fr)AE vl 24 vighnl
To 2 FAH 2} (Kim and Kim, 1982; Dawczynski et
al,, 2007). &rE2ZAE o] AYZAHS AW fucoidan,
94 HEAS T Bol o] &5+ alginate 59 £
9 A 5ol Z 4EA AT (Rioux et al, 2007). 18]l
AdZAME 2 A F FETAE0] e e Ex A
Hhake] e o} W) (Khan et al, 2007). 53] n-3 Alg o
AT EF AL P A-8-312] BHA] (Sanchez-Machado et
al, 2004), 3973 @ A 22 AFAge] 9ty A8

ET O
(Dyerberg et al., 1978)°] &7} gl Ao2 T del4 Q)
o= Z2Z2F 579 fucoxanthin®| 2= carotenoid A
71 Bo) FHrEe] slom, of= 3 g 4ol Fol
A 39k promoter?} Al =2 AS- A
A &G T (Krinskey, 1994). L& a1 o] 217
A3 a5 2RIt} (Maeda et al., 2005).
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TA1Y AL 19L& 2005 FE 20073 74A] ZH X HollA
A A = A 19e 743t AL EsET &%
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FFAA A AE2 Khan et al. (2007)¢] i) o =
ARk v 9] methylene chloride F+&8-8 A)Zs}e] HE
FE7F 40mg/ml HEE e o A&l vy
FZ=9 dist AA W (in vivo) 55 AA5ZHS 15}
Ak, AP F Ha 79kE] o]4be] 6-85F7% BALB/c mouse
(20-25 g body weight)E AFE-3le] 1 2 A 2 F3)grs
A Lg sulejel]l ek Hd gk £SEE ek B gk
o2 3 A9 A Wl ol EC 2 883 PMA (Phorbol
12-myristate 13-acetate: 0.2 £g/10 1)E 10 LY FTLF =F

3t 10A]7F £l spring-loaded micrometer (Mitutoyo Corp.
Tokyo)2 #-F F7E S48 old vl FE2=2 04
mg/10 uL E =2 10 LY 22 o g w¥airh REg)r
(AU) (Tio-To)/ToZA EAEH, o]u] Ty PMAS} & &
Ede] =X 10713 39 A FAIH T 0 AZE W] #
FAelth. F&E0] gl PMATHY] tlE2F A= F 081+
0.04 AU #& B

sieste M

Bk 3152 phenol-sulfuric acid ¥ (Kochert, 1978)90. 2
F2418}o] Na-alginate®] ¥FAol e} A4Fstglon, vy
AANFZ & alginate -2 Whyte (1988)2] ¥ ol we}

=335k
HzZ % 30| & 53
ARE AR 1g G 100mLe] BF FHNEFE Yol 7
Ass e, 27 AP ALTE 01%6}0:] B8 dY. &

/‘ﬂ‘?f‘ 9~ Marine agar BH A| (Difco, Detroit, MI) ¥l 7@153}

3 20T wjekrlolA 159 w8k UEld colony 75 Al
gt ol FFo] £ AR (glucose 1 g, yeast
extract 0.1 g, potassium tellulite 35 mg, agar 18 g, secawater
1L) el HFS F 20T v F7]eA 1 7L st viepd
colony 5 AF3IA T} (Kohlmeyer and Kohlmeyer, 1979).

Fucoxanthin &zt =%

njge] ML E Evans (1988)9] Wil wel 24l
fucoxanthin® S SAH3IA|T AZH AFE 50mg B
1 mLe] DMSOZ &3 & 94E7 (2,000 rpm, 5 mm)ﬁ}‘x]
e dE ot 7} s FREE SASAT FXE
0.6 mL2] 90% acetone2 2 1083t 51 &3} 45
RolEQrt & 3mLe acetone FEE] 1 mL hexane}
lmL $7TE 5‘47}3}3’3\‘4 Z dojE ¥, A4AE-E sk
hexaneZ ¥ E3& #23tAh 459 hexaneFol &2 F
2] 80% methanolZ hexaneZ< 2-33] MojuJ3ith Acetone
FZE9 EZ7 hexaneZ oA €& methanol £8-& 42
3, ol#9] Z gl FFEE 57931%th DMSO FEl4
9] fucoxanthin ¥ [fx]=[A4s0-0.722 (Asai+tAsg2-0.297% Agss)-
0.049%Ages]/130. 2L 2 T-3FAAT}. Acetone/= /methanol F&
9] fucoxanthin T3 [fx2]=[As0-1.239 (Ass1+Ass-0.300%
Aes1)-0.0275%Agsa]/141 FE.2 519} wi2bA & fucoxan-
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nol AME o 7 AAsE T
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A EATE SEak GAEG dEbgo s o A% T g
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gleko 5 3 A|E A= Table 13} 20} Phenol-sulfuric acid
Moz 249 ANAL F @5alE G vl so% A
M Z Aol B 4 gilou), oA R o A, dritR

= 71 v gelA F gske gkl o St
73&o] Atk & alginate®] TS AT Al AxTH
9] 10-39%9 747he- FEES A, oA Bk ¢k 10-20
v A= o 2ol I35kl )T (data not shown)., WA WS
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Table 1. Amount of n-3 fatty acids (stearidonic acid and eicosapentaenoic acid), anti-edema activity, and total carbohydrate
from different local types of U. pinnatifida thalli. Values represent the mean+SE (n=3) from 1 g dry weight of thalli.
Reference with PMA showed edema value of 0.81+0.04, i.e., relative inhibition of 0%. *P<0.01 as compared to mature

thalli from Wando aquaculture farm

n-3 Fatty acid Anti-edema activity Total
Local type ' Edema value Relative inhibition carbohydrate
SA (1g/g-DW) EPA (u«g/g-DW) (AU) (%) (9/g-DW)
Aquacultured young thalli Gijang 2861106 198+56 0.30£0.10 70 0.54+0.05
(Av. 20 cm) Wando 1066 873 0.30+£0.13 70 0.50+0.02
Aquacultured mature thalli Gijang 1,269+75" 797+116 0.1510.04 85 0.58+0.08
(Av. 1m) Wando 645+109 427+18 0.24+0.10 76 0.54+0.05
Gangneung 180+9 135+13 0.10+0.09 88 0.39+0.02
Hansando 1,136172* 821+44 0.03+0.02* 96 0.47+0.03
Heuksando 9301169 352163 0.27+0.07 67 0.71+£0.05
Wild mature thalli Jujeon 310+62 265+16 0.47+0.06 42 0.55+0.03
(Av. 1m) Pohang 136111 90+8 0.05+£0.03" 94 0.47+0.03
Uljin 1,936+79" 819+46 0.12+0.07 85 0.45+0.02
Ulleungdo 365130 285120 0.15+0.05 82 0.43+0.02
Yeosu 157+14 101+11 0.27+0.14 67 0.49+0.02
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Table 2. Total counts of bacteria and mold from different local types of aquacultured U. pinnatifida thalli. Values represent

the mean+=SE (n=6) from 1g dry weight of thalli

Local type Bacteria (CFU/g) Mold (CFU/g)

. Gijan 4.7+3.1x10* 1.3£1.3x10°

Young thalli (Av. 20 cm) Wonos 4.9+1.9x10° 9.1:3.2x 102
. Gijang 1.0£0.4%10° 7.0£3.5%10?

Mature thalli (Av. 1 m) Wando 27+15%x10° 3.7+3.3% 10

Table 3. Amount of fucoxanthin, debris, and moisture in thalli of different local types of aquacultured U. pinnatifida. Values
represent the mean+SE (n=3) from 1g dry weight of thalli. *P<0.1 and **P<0.01 as compared to mature and young

thalli from Wando, respectively

Local type Fucoxanthin (mg/g-thalli) Debris (%) Moisture (%)
Young thalli (Av. 20 cm) \?Jganrligo 82281** 1(2)28421 ﬁgzgg
Mature thalli (Av. 1 m) \(f\/iilanndgo 12281* ;2282 ngg}
FA =71 AG Zhel ZFeolzk ATk vl AZRFH 1g il =

B F Al R wgeld] A FXE dut sl o)A
¢ 1mL B 10-10° AE 2 10° A FEe] Fx]o] v wstHd
A4 W9 oligka & 5 glvh ey o)) 2o F
ATt B wgold A e v FAe AR, J1aa)
3, add 5ol vt 48] 1 % derng vde)
HAGEHE THH L2 Uehd & e FINERAN T9E
olofF & Aeg 9AZCh

Ol2f < ZHateq

e 2@ ele Fg Aae) Aoy FRE] T,
ohE AE To2A HAH FAS Ul £ ) o2
dFHoz 2A8Y] st 4 2RF YEHY 2y
oA we] ot Wl HighR|ox g5 Yeh)7| %
8h= fucoxanthin AN A2E F3112) g o] ik 417
HAgogA W JAE Frldr £ g7 B 5
At mEkA ol kg EA9 AR oA AR BT AN
Ao A fucoxanthin 0] EO0H, 1 g AZ2FHY 1 mg o)
TSI SATH (Table 3). T3 717341 ] 9o] St v]ojncy
= ¥ ®2 fucoxanthing FH3ti vk FFE FFe
old AR AAn N ZF o Bo] EUHo] o,
AR} P12 g o] Ut B Ado) ¥ F {718
o] #2 el YKIEEAN QENEAR T FHE
o] ta 12 o2 FAHHU 12x v upe
B E Uehle FEFFS V99 1A F T, AT,
A 32 s}, g4 59 F4 sl ol F Fadh qlalz
A Agstng Axr| e A7) BES Q8 FEIFS
g indicatorZ A &8 4 itk AxW 99 AL A=
H-13%2A Algolv F30l9] M2je] 5X e Az Jg=
M 2 fAEE Ao Uegth oleh e 2L JgE
TUEE, A2 S8 vde RS Hriske A
89le] gozx FABrte 8 FE oz FFE oo}
g o= st

flo
o

o gt 7 B Fo= A AgkEo] AaL
Aom, fEZ Ago T o|&E oIl Ut} o 2HE v
< TYRANME do] paA gEd AL glefx, dFst

3 < AFEH, 05S & W v el v)es
o] 2t} (Donguibogam Committee, 1999). o]= & L &,
T3 A EHE YV3tEE § A5, & 5F, 58,
I, 5% 55 e 9kl dFA8d JAEHE

P
N
(62

£ F A5 EAEA p-3 D BEEIAAS) SASE EPAG]
Aoz FH AT} (Khan et al, 2007). FE3F n-3 A HFARS A
o] A2 A AUdlAlel] F88 988 e Aoz
sixlom, 53] g WA, 943 9 g4 T 2
AAZ] dia} g0 A3} e AeE deA dok
(Dyerberg et al., 1978; Sanchez-Machado et al., 2004). &1HFZ 0
2 gxFde 1=BXARA 5 n3AEH n6AEY] B
FEAPAF 24 Hgo| A ThFstA FrE glon,
°|5 n3AEH n-6AE9 AEEXESA S A2 Ay
= AE2E715E 7HAEA, o9 TEYE (n-6/m-3)2 &
AR A A 2 EFol olF F a3 IS s Zh3E
A 28T A3 o =go] ") (Calder and
Grimble, 2002). THetA F-HQF3F M= dff A7 2)F
9] n6n-3 B} 16:1010 HE AL 5:1 AR v Holo}
3tk PR3} (Dawezynski et al, 2007). I P2 1] YA
9] o]5 HIEL 05124 AhF O Z n3 AHHake] kol
o} Folbx 93t AF o R AAZITE o] H| YA <]
F G5 EHE A9 SA 2 EPAY] ke u]do] A7}
FRT AXZA aej=o]of s, T3t v]ge sFn BE
710 o] 5] £4& BAEER stojof & Aot} B 5]
ng o] $5EF MM E o]55 A% ¥ EAHeE
B3 A QEEA 88T gt o v g JRoEE
20| A4 (A= oF 50%)7F 7bE B1, theo® Bod
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(AT oF 20%), A (AFE oF 20%), AR (AFHE
oF 1-5%), HIEF) Solgta &elA JTh(Kim and Kim, 1982;
Dawczynski et al.,, 2007). L 5 20|41+ alginate, fucoidan,
laminaran 5 TR ¢ 28 ©pEEEAM toloEY 8%
& 7Kt = fucoidane  dHHlo] 82 (Thompson and
Dragar, 2004), & @831 Z-& (Koo et al, 2001) 55 2] A
JR|EE, Aol A o] Eahe o} aslA] kom g A H
A Holdfrel aFoaA F @4dtE deo] uE ued
o Z Holdfr e 2N ndAE sk W
(Kim et al., 2006) T©°] ot & A= Jjxoz
A3t 414238} phenol-sulfuric acid He &2 % B312 9]
S Fgsnh v JdE oz gude P4
ofp|:=gte] 1 BXE YeRNE olrbe2bzk (amino acid
score)°] 60%, Fotn|mate] SHeFo 7 F A HE il 4 o
A H7EQl "E=olu] = ALR]4 (essential amino acid index)
= 90% BEEAM A e £EoR o F wA HrlEg
(Galland-Irmouli et al., 1999). 121} |5 3|2H TS
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Roug vy Fg9rte] gE oAM= ¥ ou|r} gls Ao
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A HelolUEtal B 4 03 (Kang, 1981; Austin, 1988),
T Vo AN E A5 8 5 gl A0 AR
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Az AR, ARdE T8 2P F o Az EE )
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gl AME Hrlox: £ Ax7F 2 4 A (Kim et al,
2004). FucoxanthinS ©] &

AN
o o

18

T a5 AY7I= shaA
vl il Aol ng noe) FAR e Fadh
& AFEA HGrtsfojor ghrh & AFre] Algel) we
SA, EPA, F-FoA|, @518 3 T atole AAF AL,
A7), Az, BEdd ol iE AojdSw glors
F5 Y 52 frrdel A Algel tigh dalgk 2ap)

[
i
&
r
o
¢ >
n
)
).
=
2
of
1>
4
o
ol
iy
e

[e]
AL

gk v o) vl 341

= Zof] 3 H7)1E (MOMAF, 2005)<

o] FAGNEELS A5F, A, o], FFE,

A g g A" st AN ol A

U 9 A TES SRS A st ARAdo] "ozl

& 7MAE m9ge] EA dg 3o}

A5 o]FoiA) 2] &A1 U} wEpA A2 FARL V)E

vigdste] vl 944 9l FENEE T3 AEIHAY

z A52A 42 F U 715 nire]
oA 7189 v F4 BJUHE -89

9 AHse ¢ YEE BFHE

£

=
eSS i, RS &

ir & v 2 o ofy

[
s

HOH 2 o
B N
o
oo
2

2
By o N
o

H
M
b

£ X to o\ ¢
-
ol -

o,
7
&

o oy o
i
o

0 lo
A
o,
ob
=
4o
ox
i
e
y
o
B
4
XY
©

o ikl o
)
2

M R ot e
i
o
o
K

tio to,
rJ
o
=
-
Sl
9,
2
rl
=g
8
B
g
=
5
i
o
I
X, o

-

o
o

o3

o
o Hr
o
N oo
o

N
¢
ha)
NI
I
o2
of
i o,

o
ol
lo
m B
>4
ull
il
s
ofp
i}
4
30,
tlo
pou)
lo
i
&
R
)

A AL
B A GsARE S IRHEY AT AJdE
(YSG-RF0604)ll o]l FalHAFHUT £ o
(JYK, NHP, HQL) A|4¢] Brain Busan 21 Programol|%= 7
Ab=gHY T

o0 8

Austin, B. 1988. Marine Microbiology. Cambridge Uni-
versity Press. Cambridge, UK, 1-222.

Calder, P.C. and R.F. Grimble. 2002. Polyunsaturated fatty
acids, inflammation and immunity. J. Clin. Nutr., 56S,
14-19.

Dawczynski, C., R. Schubert and G. Jahreis. 2007. Amino
acids, fatty acids, and dietary fibre in edible seaweed
products. Food Chem., 103, 8§891-899.

Donguibogam Committee. 1999. Translated Donguibo-
gam. Bubinmunwha Press, Seoul, Korea, 1-2198.

Dyerberg, J., H.O. Bang, E. Stoffersen, S. Moncada and
JR. Vane. 1978. Eicosapentaenoic acid and preven-
tion of thrombosis and atherosclerosis? Lancet, 2,
117-119.

Evans, L.V. 1988. The effects of spectral composition
and irradiance level on pigment levels in seaweeds.
In: Experimental Phycology: A Laboratory Manual.
Lobban, C.S., D.J. Chapman and B.P. Kremer, eds.
Cambridge University Press, Cambridge, UK, 123-
133.

Galland-Irmouli, A.V., J. Fleurence, R. Lamghari, M.
Lucon, C. Rouxel and O. Barbaroux. 1999. Nutritional
value of proteins from edible seaweed Palmaria



342 ZFA 4 - ¥4 8] - Luyen Quoc Har- A ¥H4 - 5.-8-7)

palmata (Dulse). J. Nutr. Biochem., 10, 353-359.

Gerster, H. 1993. Anticarcinigenic effects of common
carotenoids. Int. J. Vitam. Nutr. Res;, 63, 93-98.

Hosokawa, M., M. Kudo, H. Maeda, H. Kohno, T. Tanaka
and K. Miyashita. 2004. Fucoxanthin induces apopto-
sis and enhances the antiproliferative effect of the
PPARg ligand, troglitazone, on colon cancer cells.
Biochim. Biophysic. Acta, 1675, 113-119.

Kang, J.W. 1981. Some seaweed diseases occurred at
seaweed farms along the south-eastern coast of Korea.
Bull. Kor. Fish. Soc., 14, 165-170.

KFDA. 2004. Food Code. Korea Food and Drug Admini-
stration, Seoul, Korea, 1-641.

Khan, MN.A,, 1.Y. Cho, M.C. Lee, J.Y. Kang, N.G. Park,
H. Fujii and Y.K. Hong. 2007. Isolation of two anti-
inflammatory and one pro-inflammatory PUFAs from
the brown seaweed Undaria pinnatifida. J. Agric.
Food Chem., 55, 6984-6988.

Kim, K.H. and C.S. Kim. 1982. Studies on the manufacture
of Undaria pinnatifida, laver and it's physicochemical
properties. Kor. J. Food Sci. Technol., 14, 336-341.

Kim, 8.J., H.J. Kim, J.S. Moon, JM. Kim, S.G. Kang
and S.T. Jung. 2004. Characteristic and extraction
of fucoxanthin pigment in Undaria pinnatifida. J. Kor.
Soc. Food Sci. Nutr., 33, 847-851.

Kim, Y., M. Singh and S.E. Kays. 2006. Near-infrared
spectroscopy for measurement of total dietary fiber
in homogenized meals. J. Agric. Food Chem., 54,
292-298.

Kochert, G. 1978. Carbohydrate determination by the
phenol-sulfuric acid method. In: Handbook of Phy-
cological Methods. Vol. 2. Physiological and Bio-
chemical Methods. Hellebust, J.A. and J.S. Craigie,
eds. Cambridge University Press, Cambridge, UK,
95-97.

Kohlmeyer, J. and E. Kohlmeyer. 1979. Marine Mycology:
The Higher Fungi. Academic Press, New York, USA,
1-690.

Krinskey, N.I. 1994. Carotenoids and cancer, basic
research studies, natural antioxidants in human and
disease. Ann. New York Acad. Sci., 239, 1-6.

Lee, Y.J. 2004. A study on mineral and alginic acid con-
tents by different parts of sea mustards (Undaria
pinnatifida). Kor. J. Food Cult., 19, 691-700.

Maeda, H., M. Hosokawa, T. Sashima, K. Funayama and
K. Miyashita. 2005. Fucoxanthin from edible sea-
weed, Undaria pinnatifida, shows antiobesity effect
through UCP1 expression in white adipose tissues.
Biochem. Bioph. Res. Co., 332, 392-397.

MOMAF. 2005. Detailed standards of items and quality
authentification for fisheries products and traditional
seafood. Notification of the Ministry of the Marine
Affairs and Fisheries, Korea, 2005-99, 1-26.

MOMAF. 2007. Statistic Database for Fisheries Pro-
duction. Retrieved from http:/fs.fips.go.kr/main.jsp
on July 14.

Muraoka, D. and K. Saitoh. 2005. Identification of Undaria
pinnatifida and Undaria undarioides (Laminariales,
Phaeophyceae) using mitochondrial 23S ribosomal
DNA sequences. Fish. Sci., 71, 1365-1369.

Ohno, M. and M. Matsuoka. 1993. Undaria cultivation
“Wakame”. In: Seaweed Cultivation and Marine
Ranching. Ohno, M. and A.T. Critchley, eds. Japan
International Coorperation Agency, Japan, 41-49.

Rioux, L.E., S.L. Turgeon and M. Beaulicu. 2007.
Characterizations of polysaccharides extracted from
brown seaweeds. Carbohyd. Polym., 69, 530-537.

Sanchez-Machado, D.I., J. Lopez-Cervantes, J. Lopez-
Hernandez and P. Paseiro-Losada. 2004. Fatty acids,
total lipid, protein and ash contents of processed edible
seaweeds. Food Chem., 85, 439-444.

Thompson, K.D. and C. Dragar. 2004. Antiviral activity
of Undaria pinnatifida against Herpes simplex virus.
Phytother. Res., 18, 551-555.

Whyte, J.N.C. 1988. Extraction of alginic acid from a
brown seaweed. In: Experimental Phycology: A
Laboratory Manual. Lobban, C.S., D.J. Chapman and
B.P. Kremer, eds. Cambridge University Press,
Cambridge, UK, 168-173.

2008 39 6¥ HF
20083 109¥ 15¢ ¥



