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development of Ecklonia stolonifera
(Phaeophyceae)
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ATk (A A 1992). 53] AF, A, &8 T 1 g A AATE Hol A
o] TR gty AR FFS L= A Ao QLaycock 1974, & F
1985).
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=9 gAe] FpdE AU F49 274 L1 an 2719 GAE H2a 2
oz AHAASY, 34 == 27 (30, 60, 100 ymol m? s) P 4 = =7
10, 15, 20, 25°C)] =371 1270 ARFIENA 22 1008 9] 238 4831
IE AFsiArh Ahdute] ¥ vl 1079 tlaz F ahdute] dxHE
txze) vlgR TR, 24 dxas) Adnt 34 dxe] Fge A
P4 AHoz TFIPT BE APTE A4 5 o) A78 Petri dish® A$
stdor, Wl PESI MiA& A8t 3Y Aow Bsidnt wjgdde
Multi thermo incubator MTI-202B (EYELA, Japan)E AMEstE 54 W&o
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O2ze BgE Feglen, ZF fazel et 4 Wy Hae A
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2% Z7 (10, 15, 20, 257T)9 =%«
Tg3ta] 3WHE AFsdy. A
PAH gz ¥E2 T3

concentrated solution, Sigma)ell 2-3%
221 (30, 60, 100 ymol m™? s & 47}
127) A@F30e A 242 1089 g2aE
ol FA4 W& 1071y "2z F Ageto]
o, ZF y2ze At FAH W] HEd Adnt A wAoE Feyh
B A¥e A% 5 amel BHE Petri dishE AFE3l3 e, 8]k PESI
WAE ARESt 3Y Ao w Ferdtdvh vikA S Multi thermo incubator
MTI-202B (EYELA, Japan)& AH&3tth f54 W& 5% dv4 24 &
3t 4717F v Al SA s A
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oA &5 &S F=stYth 10cm 2739 Petri dishg o83t wigto=
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Gl A E A7 FE3AT WdEde o) =73 6, 10, 15, 200)%
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AG ST bR el Agelge] B GH ANIRE ZEAY
A A AR A4 gAY WSS SASNT 98 deu Gae
MAG EuA o] 8 BANF, A4 dAle] 5 @ A4 Fale] Dols

tRen, A QA s S mT FHFLE Fqbstq SASAT

1

)
o

e e o2 X
ol o
o 1%

ol

%

3. T FHEH AT

7h QleAE =74

D Ay AR A7 T

F9o AA ME A7l THE Ysta] 2006 5LEE 20079 4€971A Ay
A5A FElE Ao $4 4-5mol) BEstE 2o AAMAFAA W PR
o)t FFEAE Tt WY ¥99 d& A =
= Pt A< Ao dvee TS
Rk 34 A HEE T A 34 #
g

wel BE WAL 2 ostel AAD Adur 34 Wos v?—aaau}.

% N
>~



D AR 7148 44 L AR E3

Zy GFze AT AEA AE7 Do e dolrr] 95 I RUAF
1AM FH AL 2T TS fFFAE AET F 27843t sk

71t F AR A2 Did 482 FA 10cme| $%F, #-¢Ae 94,
lem & wj¢A1 & SA3AT

3 AR APE Y g AR 525

o] §F2 ABA fFAd ARE FF AREe] TS gohry) 95k
7zt B @E AL L, 2, 3, 4 2 5AeE TR {FAE AL F
2 dzre] sk 71 F AR AL Ui 32 FA 10eme] T,

1948 @4, lan % WAL 8 ZPshach

of

=4

. 7hol 4y

HA JrolAgel @Az 92 2, DO, g%, %, pH AVAEE,
[o]

2) A 71AY 7ol AAE

29 F5A49 AFAEA AE71Ee IS Loty At AHEUAL
013A S T mUA} 428 ALE FES] SE2AE AEI T oAUzt £z
Woke AR T 4A amolA shold A¥e AR WA =Fe 1Y

=
A0z 4 10omel % 499 9%, lm 9 94 £5 P

3 A7 AP Tholy A=

29§54 ARA FEANG] ARE T2 A7te] AL dolrr] gaiel
—L

77t B 9F AE 1 2 3, 4 D 5N R TREA §37

N A 57

i
i

- 14 -



MY FxEGe A F FA 2molA Tl AEE AT AT
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6712 i REUEF St T A JIE FEEEH 49 A
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V. 43 A A=

1. o] 4 B4 47

7t EAAY 4A B 4% 2 454 1E 4=

D A B9 %} 25 24 4%

2% FEEE 30 umol m” st FrelA wiF 175¥€7kA 15Tk 20C

ZZA AT 2gEE FAo] Ao, 10T 20C 2AAAE Ao A
Hx] 99kt 60 pmol m” st FZrA = HloF 125U 3F 20C ZANA A
A zpgito] A7) Algse] dfF 150€F 10T 15T =AM E ARk
FAo] BA=TE 100 ymol m? 579 FzielME 15T 20C Z7ANA wj%
1259 % 74 WA zZduk Aol FEiEglon, v 175¢Fx 10T 25T
2 At FAdo] #AEHA AU

A FololA MG drazRe P48 Aduke] 482 v 1759 %
60 umol m™? s'e] 20C =ANA 10042 7t3 E=hod, taze HEH Z
Aguto] AAR|sHE At WA B&-E 100 pmol m? stel 20T =AoA
3BI%E 7 =94t)

D AT Roe] B, L& 278 44 B §574 BF

Fu @A Mgk RYolA taz mokos WY JA dHL HlY 1009F
30 ymol m? 579} 20C Z=ANA 74 WA A FAo] BAHYT M 1259
ZoE 303 60 pmol m™” st 15-25T F3rellA Al Aol BaE o
100 umol m* s79] 10-20TC A= Apguto] FA 7] Alzstgnt.

AT BooA AHS f2a=2RE] FAE AdEte &2 oS 1259 %
30 pmol m? s'¢ 20-25C ZANA 100%= 7MF =gtow, taze W
Aol A e Aduk FAWA v HlYg 1759% 30 pmol m™ s¢

25T 7oA 421%2 71 =3kt
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3 &9 AAe dRE As R /A 4E A=
9 QA9 d5E xae H% Aol Ag Wik 259%

1
%ﬂﬂ&ﬁ%@ﬁmCQJBC

BE 20C 2 25C 2ANA tlxzrt MAs
2NN E MF 509F Tzl Airt gage] AASAT 249 A

EE A¥xAAA d2ze AMart JdE §AFHD glom Hjek 100%_1&11
30 ymol m? s7'9] 20C ZAMMA 15.0+4.29 AL BT mY 1504 Fo=
30 ymol m”? s'9] 25C ZANA A FA WHo| shA L 421 94%E

HERA AT

H B gAe B9 FPAE vw
AQAN A B3 QAo Apdwo] AEE A7el 1096 AHD QA e
G At G RelolA AR A4 Llame) £ SAE gL 2.

% Aol 48 4% RoE GA FAG Fol PR ok wkor,
PP JEPN vse] Fase o vehgo,

5 23 gAle) AW FA% YAy 4 S22 FF vw

F9 9 e &4 FEL 10719 2 Agstded, A3 FEz 5L
A5 Frtel wEl AAHA AR B ol FA 9 AFE A o] FoiA)
A o)l M ZEA elfz} N2 GAe 8ol VeSS & F ok
FAR T 0dA o] 7B wiAl YERY 0.657+0.0448 YERI o 1dA o]
7t T2 0.764+£0.005 23 2\d4§ o] o9} FARRE 0.763+0.0108 JENATH
g2 29as} co FFHE AHo] FTEFE HA FFFo] FolHE Aoz YE
wom 0 dAlel A 7H E3kth

l

[u—
n:)

D eE 25 9 357 2048 39 WA A%

29 ul oo Wik HA wWlkzAL 15-20C9 20-30 umol m? s
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zHolg & 4 glov} 20T AS F2FY dAe]l Astn=g, 15T 30 umol
m? st 2ol F3 WA HA IR Ao et FF7)
29 WA dolAAe BHEr| 2ol wWE FoF Mot AWF AFA
BolA] st

7

mio m&&

2 2%, 25 2 #57] 209 B9 ofxAe 44

2= FEZE 10C 7oA 2E7F S71855 ofxA Y HE @l F71
ste] Wik 52U3F 2% 20, 30 2 60 ymol m”? st F7AeA zZHz} 555, 5, 697.0 %
735 mel AolyAe JehiAdth 15T FzrelME 30 pymol m? s 2ZoA
ofzAe] PAo] B} 2= FHof Histd M4 w& aA H 1,527.5 me 2ol
AAE et 20C FEelAE 15C 7203 vbrAE 30 ymol m” st &7
ol A olxEAe GHo]l Bt & F| vlste M w2 #Q B 1,587.5 m9
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SUMMARY

The marine brown alga, Ecklonia stolonifera Okamura, is the dominant
perennial macrophyte on the southern coast of Korea (Kang 1966, Park et al.
1994). A stable source of seaweed would also allow for better management of
feeding regimes for cultured herbivores (Yoon et al. 2004) making growth
more predictable (Edding and Tala 2003). Considerable knowledge has been
accumulated on its distribution, growth and population structures from an
ecological point of view (Notoya 1984, 1986, Notoya and Aruga 1990, Park et
al. 1994). In Korea, E. stolonifera is an edible seaweed as a raw materials itself.
The alga was traditionally collected by dive woman of southern coast of
Korea. Commercial cultivation are not developed yet.

The utilization of marine alga as food for humans and marine animals has
an extensive history in Asian countries (Ohno and Critchley 1993). Intensive
seaweed cultivation techniques are well-developed as Laminaria in China
(Tseng 1987) and Japan (Kawashima 1984), Undaria in japan and Korea (Ohno
and Matsuoka 1993), Porphyra in Japan, Korea and China (Oochusa 1993).
Korea is the fourth country of the seaweed production in the world as
621,154 MT and it is almost 6% of the total production (FAO 2005). The
abalone, Haliotis discus hannai, is a highly sought-after delicacy in Korea, which
is the destination of 90% of the product from the local fishery. In Korea, there
are 5 species of abalone distributed, however, only H. discus is presently
cultured commercially (Son et al. 2003). In the feeding of comrﬁercially
cultured abalone, significant amounts of algae are required, as they may
consume between 10% and 30% of their body weight in algae daily (Corazani
and Illanes 1998, Serviere-Zaragoza et al. 1998). Parallel harvesting efforts are
required to provide these amounts of algae for invertebrate cultures (Edding

and Tala 2003). For the herbivorous abalone, this feeds preferentially on the
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local brown seaweeds Undaria pinnatifida and Laminaria japonica. Increasing
demand of the abalone since 1990 in Korea, abalone producers are facing
increasing problems with the acquisition of forage supply, especially during
summer seasons. For most of the sea-cages culturing systems of abalone, fresh
seaweed is the most important feed. Recent increasing summer water
temperature caused deterioration of Laminaria holdfast. It brings depletion of
seaweed feed for abalone during the summer period. There is the reason to
develop a new seaweed species as an industrial scale of cultivation.

One of the suitable candidates is brown seaweed, E. stolonifera Okamura.
It is belongs to the Laminariales, and it is a species that dominates in cover
and biomass the lower-intertidal and shallow-subtidal regions, which are wave
exposed and rocky, along most of the temperate Pacific coasts of Korean
Peninsular (Kang 1966, 1968). This alga is economically important because it is
used as food in Korea (Sohn 1998). From an ecological point of view,
E. stolonifera can be used as food, shelter, and area for larval settlement by
invertebrates and fish (Notoya and Aruga 1990, Kim and Yoo 2003).

We report here the relationships between environmental conditions during
whole growth period for the artificial seed production and mass-cultivation of

E. stolonifera. The results are followed:

1. Physiological characteristics of Ecklonia stolonifera

Induction of maturation and zoospore release of isolated discs were conducted
under different temperature and irradiance conditions. Discs from meristematic

1 and

transition zone of E. stolonifera were formed sorus under 30 pmol m” s
15-20C after 125 days culture. The maximum mean area of sorus formation
was 35.1% under 100 pmol m™ s’ and 20°C after 175 days culture. Also discs
from distal zone of E. stolonifera were formed sorus under 30 umol m” s” and
20C after 100 days culture. The maximum mean area of sorus formation was

421% under 30 pmol m? st and 25C after 175 days culture. Therefore, discs
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from distal zone showed larger area of sorus formation than discs from
meristematic transition zone. According to the age of E. stolonifera, discs from
1 year old were bleached after 50 days culture. But other discs from 2 years
old were formed sorus after 100 days culture.

With photosynthetic yield of E. stolonifera, vegetative and mature thalli were
showed 0.743+0.002 and 0.716+0.001, respectively. According to their age, the
photosynthetic yield of 0, 1 and 2 years old thalli were showed 0.657+0.044,
0.764£0.005 and 0.763+0.010, respectively. Chlorophyll contents were decreased
with age of E. stolonifera. Optimum culture conditions for gametophytes, micro
sporophytes and sporophytes of E. stolonifera were 15-20°C and 30 pmol m” s™.

Temperature tolerance range of young E. stolonifera was wider in smaller
size group than larger group in length. Daily growth rate of 1 cm length

groups was maximum as 0.82-0.83 mm/day under 12-15C ranges.

2. Mass culture conditions according to reproduction methods of Ecklonia

stolonifera

Mature fronds of E. stolonifera were collected from a local population located
on the Yosu (34°37'N, 127°38’E) in southwestern coast of Korea. After algal
collection, the fronds were transported immediately to the laboratory using
ice-box. The plants were rinsed in sterile, filtered seawater and the sorus
excised. These were then dried at dark and humid condition for 1 hr.
Zoospore released after insert the sorus into the seawater tank. As a seeding
material for the zoospores, PVC frame (ca. 45 cm in height x 55 cm in width,
having a total length of 200 m string made of mixed nylon and
polypropylene fibers) for Undaria cultivation were used, and the seed frames
were inserted into the zoospore suspension.

For the direct seeding of zoospores from mature thalli, artificial seeding of

E. stolonifera could be lead destroyed natural resources of the alga. Therefore,
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mass culture of free-gametophytes of this species are highly recommended for
their artificial seeding. Optimal culture condition for growth of female and male
gametophyte was 10°C - 10 pmd m” s™ - 10:14h (L:D) and 20°C - 40 umd m” s™ -
10:14h (L:D), respectively. Optimal culture condition for oogonia and spermatia
was 15C, 20 pmd m” s and 14:10h (L:D).

Holdfast of E. stolonifera at the cultivation ground regenerated new thalli
during the winter seasons. The maximum number of regenerated thalli was
92 ind./m in January. With the perennial nature of this alga, multi-harvest for

this species could be possible without second seeding.

3. Artificial seeding and cultivation

Experiments found optimum conditions for artificial seed production and
cultivation of E. stolonifera. Experiments were conducted to reveal the optimal
conditions for nursery culture and out-growing of E. stolonifera. Sampling and
measurement of underwater irradiance were carried out at farms cultivating E.
stolonifera at Wando, southwestern coast of Korea, from March 2006 to
December 2007. Growth of young thalli and underwater irradiance were measured
over a range of depths for two culture stages. During the nursery cultivation
stage (Stage I), growth rate was greatest at 2 m depth (0.194+0.041 mum/day)
where the average mid day irradiance over 82 days was 6711377 umol m” s,
During the main cultivation stage (Stage II), the greatest growth rate occurred
at 1.5 m depth (4.825+0.713 mm/day) with an average irradiance of 925+340 u
mol m? s™. These results suggest that the optimal growth at each cultivation
stages of E. stolonifera could be controlled by depth of cultivation rope.

4, Utilization and Fconomical evaluation

In order to investigate whether or not CCD-986sk cell line can be
affected by the E. stolonifera, we examined the MTT assay when we treated
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the E. stolonifera extract in CCD-986sk human fibroblast cell line. The
sample were tested for cell proliferation activity by means of a modification
of the MIT assay. E. stolonifera Okamura extract showed significantly strong
cell proliferation activity at the range of from 6.25 mg/ml to 1.56 mg/ml
compared with control group.

And in order to search for inhibition agents of skin melanin formation,
we tested for inhibition effect of melanin pigmentation of Korean E.
stolonifera using Clone M-3 mouse melanocyte cell lines. when we treated
the extracts of E. stolonifera to the mouse melanocyte cell lines, the sample
showed a significantly little formation of melanin pigments compared with
control group at the only range of 200 mg/ml. These results suggest that
extract of E. stolonifera may represents an excellent candidate for inhibition
of melanin pigmentation and for protection of human skin aging at in vitro
level.

A 120 days feeding trials was conducted in an sea-cage system to
investigate the effects of three different algae food (Ecklonia stolonifera,
Laminaria japonica, Undaria pinnatifida) on growth and survival rate of
Haliotis discus hannai. L. japonica diets produced significantly greater shell
length and body weight growth of abalone than U. pinnatifida and E.
stolonifera (p<0.05). Survival rates of abalone were 98.3% in Laminaria, 97.5%
in Ecklonia, and 96.5% in Undaria, different diets had no significantly
(p>0.05). The result of this study indicate that E. stolonifera could be a
practical diet for abalone culture.

From 20 set of installation (100 m of long-line culture rope), ca. 25 tons-wet
wt of E. stolonifera can be produced. Total sale of the production is 66,960
thousand won and production cost is 4,500 thousand won, thus the net profit

is 62,460 thousand won. The profit rate of E. stolonifera cultivation is 93.27%.
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SFFF T AAES AY YET oUW 38 AFIFIA 20069 129
FE 20079 397kA wid 84 SAAE EYETP st

2) Ay 71@AE JlolAl AT

g9 §FA AFARA AL JFS Solur] ste] FHmA
2034 FMEUA QAR TR FFAE ABE F 21Ut F=
e AR F 24 melA Fhold AW AASAT. AR 3 144

AA0E FA4 10mel %, #4990 44, lon 3 949 5 SHA,

3 AR AT Thol Y=

ol

A

Al

Ho
N
o
of
o
tlo

©

Ao ABE TF A 2ol z] 915l
2 SAZOE TR FFAE ARG F
4 2melA Fholal MY AN A

A 10cme] %, el 94, lan ¥ QA9 &

Ol

=4

>

)
o o
AU o
SN
oo
4 o=

ol
rlo
[—
=
e
o
)
o
Fu

S48

4) 7}old A7E A=

F31e) Fhola A7 GE ohry] 9iste] 20069 1295H 159 Ao
12} (20063 12€ 219, 22 (2007'd 1€ 4¢) 2 3z (2007d 1€¥ 18Y) 7}eol4]
oz FRae] 20079 49714 WY AREE ZHHA

5 7kl A A=

Thola] APe 2006 129%E 2007d 3974A 0T AY FEF oHE
Age Aol FARon, BAZHL S FAM FERFL 24

st 53 %o =4S LI-1400 Data Logger (LI-Cor, USA)E ©] &3}
2 A0, 05 1, 2, 3mEE ESHstgon SAHAT 53] &4
Hoa@g o2 7158k sold A& A7 1 2, 3 ¥ dm ARTHEE AEES
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styom AMstgon, Fztel A L sjold mate HPe NY Ao

3t
ZAzre] FAE 10cm Zol2 3714 Z‘—jqo}-@] 2} 10cme) =, o] Aol WA
2 lom F olE:A Ee #49 & S

6) A E

= 23] AREBY BAG 2AD HYWELL ZABYT

=
=% 2 93 Fo| FF o/TYoH, Y BHoE

1) AR ok olA =7 ot

2R g BARA et £, DO, HEE ¥ WNAEES FFRF

S R ool A 2006 3€REH 2007 6€7MA wid

ZUEY stk F39 AV T FEEEd 49 A

EEE Yt 53 A2 Li-Cor (LI-14000& °o]g3le 53 A3
#e] BEAE Tt FFEA AlA = Spherical sensor& o83k

¥ AFE-L 2006 3YHE 2007d 697HA A ST oA AEE AY
o)A HASG e, A AEE 8 dsdeE B Y 22 4 2mol
AX =g Ao ZdolE =it WY dA YA=E 9%, AF,
FTF FAZC], g9, TEAZRH| AAHGA & 9 do] 183 &9 mP
dEFH NATE S
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*H A 13491 AREE 2006 3ERE 20068 10€7HA] 37 dASE

o] g3t 4l 0.5-4m7bA] 0.5m Ao 2 FRSIS Zhzhel FaleA 2y ¢

AREE vlustdnh A=Y S4E 9%, g4F, FX40], AAgAY &+

Zol, ZEZ ] & H Aol =AsH e 50cm Ulol Rd 2E F9o &

FL AT FAAAY EmT dEFOZ FNIATY. BE AR AL
o

g 2718 3 AFg FAS] W AYTE ARG,

3 FH 71 T AEHAE 24

20063 4¥€5E 20063 12¥€71A] 4 77 F F3] FAHAERZ &3HT
ol9l¢] HATFe ZABNAT. NAAEE N2F, 247, TR 2

FE olFslen, Y 4oz g &8 Nss HFE E45dth

Ao AFAR 2=A% slold R PH =L =E3 shel T P
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D) 29 F2E9 32 %x3 % melanin formation QA &3}

w39 F2E AREILA B A5 FREARA TS =AY
#sle] CCD-986sk cell line ¥ Clone M-3 mouse melanocyte cell lineg ©]§ in
vitro oA TEAE AgddA £} melanin formation AHEFE ZH
st olE AFAEL AFTFLEN FH 9 o] &EE FUFANIL IFIPIAE

2 #39 Ho| T
F99] A% HolRo TN APHL Yohws] Asted 2T SEY
Holgl hAlnt 2 mlef e FolHAM WA SIIFLUNA AR FYA
12097k AAsel, AR} AN, A 4P, AEE & MaBHFoRA

o3 hAlmte] Bstel B2} b wolEE-g HrhshATh

iCURe Y
tlo iz

o BAY 24

D F5 g AAY B4

3 Folde) AYEHE A FRANRES FAREOR 1
Hioh =99 —“Efg"‘hjr ko] FAHA oj7tE Fate] v - 3 b
ZAAE olg3te] oA, TEY £AAY, FEF WAREAE 3o T

Fael AARE v‘i—ﬁ"s}‘}iﬁ‘r.
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15T 20C ZoA HlieF 1259 % 7P AR Ayt Ao FeHnen,

HleF 1754 Tl = 10T 25C oA e At P FFFHA AUt
At FHolA A da2a=RE JAE Adute] AL w1759 %

60 umol m” s79] 20T ZA)A 100%=2 7 Egkon, taze] WA & xpdulo)

2

A3 A FARA ¥Le 100 ymol m? st 20T ZANA 35.1%E
M =k
Ardrto] BAE 2z FudMe BEH FFATF F95L AAY

Haystel Wosta g ol HEEHA

Table 1. £3 A3 FA FHAANA HHAZ 239 F - 25 x4 #E
2t FAEE ()¢ A AR FAHA veS AT

[IJ

T

Irradiance | Temperature | Day
-2 -1 o
(umol m™= s | (1) 0 | 25|50 | 7 | 100 | 125 150 175
10 - -] - - - - -
" 15 Sl o o] - 3365 |46 | 46 | 484
20 Sl o] o - 1008 ]30 02930 129 | 40 (158)
2% e - - - -
10 S - - | 3583 |40 (18)
o 15 S - - 170 226) | 80 25.3)
20 - - -] - — 167 QLD | 100 (214) 100 (25.4)
25 e - - - -
10 N - - - -
0 15 e T - 100D |10@LD |60 @25
20 I - 562D 67 3L | 67 35D
2% . - - - -
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*

)
H
ol
_21"__‘;,
o
o
I
ek

A E 4%

N

o
] FGA9 d#HE txze de 5 AP4F Table 33 Zo] 1949
253 RE 20C 2 25C 2hA tixzrt MAs 93 ARSI 0N
2 15T =HAE vl 508F 2z Mart gaE ol 3AEA T
2349 7S RE AFzAdA WY 1508FoE Yaze Mart adgE
FAHT dPom, meF 10094 30 pmol m? ¢ 20T ZANH Hgow
15.0+£4.2%2] Aduk g4 ©WA vE&S Yehidoh sl 150¢3elE 30 pmol
m? 79 25CE=ZANA Agut FA W] P B 421 94%S YERRIT

Table 3. 29 Qo) A=A Adat 4 WA wlg

194 234
KX
= L EE | aees @ #FA% (D)
(umol m™ s7) | (T)
0 25 | 50 0 25 | 50 | 75 100 150
10 - - d - - - - - -
2 15 - - d - - - - - 14.1+95
20 - d - - - - | 15.0+4.2 | 31.6+125
25 - d - - - - - 42.1+94
10 - - d - - - - - -
15 - - d - - - - - 9.6+5.0
60
20 - d - - - - - 15275
25 - d - - - - - 19.3+12.4
10 - d - - - - - 13.8+5.1
15 - d - - - - - 24.8+84
100
20 - d - - - - - 21.1+45
25 - d - - - - - -

d: FA7E Ak
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4 =3 FA9 7ol FFA T vl

Table 4. &3 BAS] F¥FH At B4 F2l9 Feiz ajo] & B e vl

27 Llem tzasl 907 54
T ' B3 (Yield
% @ A (mm)
dgd 54 0.068+0.01 0.746+0.15 0.74340.002
g 4 0.080+0.01 0.861+0.11 0.716 +0.001
5 31 f|A9 dHdE A3 JFPHs L FEEF I vw

w9 e d%E Jed 54 2 AeF 542 Table 59 Aot =39 FH

< Figure 49} 2o] 10709 FH& AR&silon, 945 Jud 4L
Figure 59} o] A®e] F7to] wah AAAA FF 8 ol FA9 AH=
A olFo| AW 1dA o) dolMe 2EA 27 A2 FAY ol YEhd<S
& F Uk e 08340 M A dEh 0.657+0.044F YERIICH
1dAdo] 71 &2 0.764+£0.005 18jx 2:dAo] o]9} FAMRE 0.763+0.010=
Uebliith. 222dadt ¢ FFe ™ol SNETF AR FFol FAopAle
Ao Z yehston 0dAolAM 7 =it
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A 7E ()

* %434 0 1 2
3 (em) 27.63+6.38 106.9+3.57 193.04£19.25
HE (em) 6.10£0.26 12.88+1.82 22.66+2.89
=4 o] (m 0 0.48+0.57 1.41+1.65
F2 Ao (em) 1.30+0.10 10.25+5.55 27.16+12.62
FA Z (um) 2.03+0.35 6.35+1.18 8.94+1.07
FEZ Aol (em) 3.13x120 7.23£3.52 11.28+4.49
EEA A3 (3) 5.00£1.00 6.25+1.71 7.80+1.30
ARAAF (1) 0 0.25£0.50 0.40£0.15
AREA EF (em) 0 L13+2.25 2.94+593
AA U4 A (o) 0.33+£0.07 0.42£0.05 0.47£0.05
FA 34 FA (o) 0.29£0.10 0.28+0.07 0.31£0.05
=% @ 8.00+3.46 83.0+1291 235.00+31.86
HHIF (%) 1729 70+ 24 66123
A7 11 (m) H&3 % (@) 0.05+0.01 0.09£0.01 0.09+0.01
A7 11 (m) Y23 T4 () 0.54%0.06 0.99+0.05 1.03£0.09
iy 0.657£0.044 | 0.764+0.005 0.763+0.010
€229 a (mg/g-dry wt) 6.45 6.15 3.92
] £229 c (mg/g-dry wt) 252 2.31 0.99
630nm ¥3% 0.08 0.074 0.039
647nm 3% 0.221 0.184 0.109
664nm FHT 0.252 0.236 0.149
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4. 239 A% gAE 4% 54

D 2%, =% 9 377 =a¥ F3] A 4%

Zylo] vj$-A= Table 65} 7o) vioF &5 2 2% 27AMZ ZAo|lAd o2
VeERATE Biek 1093 20CeF 20 pmol m? sTellA] Aol Ao] Hx|Ql
59.5 mE JERIRALM, 10T 20 umol m™” s AP TFA HAAQ 235 me
Vet itk ik 119 FRE dul Ao Fio] JhEsigonz 28 4AYg
THE ¢gle-AY FEES B3 dolAAE SAAY Wi 17dF 20T
20 pmol m™* s AP FA oA dolyFe HX<l 1180 me et
Wiglen], 1009 30 umol m™ s AFTFAM HAA 584 & YERAITEH
Su9-A o] Aol gAe wioF 1793% 25C2 20 umol m™ st AFFNA H1x)<
166.0 m& YERIACH, 10T} 60 pmol m™ s AP TN HAXL 48.0 e
222 a =g

A 59 G eAe] wijgA HA v 15-20CT 9 20-30 pmol
m” st 22t & £ Yot 20T A FEFY Ao Asrg, 15T
30 pmol m” s o] F3 wieAe HA wgzAolg & 4 Utk

T3 9] #)-%-A WiFA FFr) 20L& Table 73 o] 8 10¥€3%F 1410 (LD)
ARFNA HIXQA FF 37.0 mE BFem 1212 LD) A@FlA HAXRI
3L0mE YERATE wiek 17943 hulle-Aje) dolAzre 10:14 (LD) Aol A
HA1x2 65.0 mS YRR oen 12:12 LD) A@TFAA HAX2A 61.0 mES
el ol 1793 Eul9A|e] ZolAare 12:12 (LD) A& P H1x|Q
1010 mE Hgom, 1410 LD APFaA HAAHXA 920 mE JePH AT
et Fr] =208 29 A ZojAde FFr]) Ao wE /T

Aol BT AFHE olA Ysith
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Table 6. 2% ¥ 2% Z7E Iy A9 A (B Zol, m)
ex | FF | g W FLS (D)
(© | W s
m2gh [T 0 1 3 6 10 11 14 17
20 * 115 | 162 | 159 | 189 | 235 2000 | 290 | 550
3 26.67 | 440 | 530
2 1833 | 37.0 | 584
10 30 140 | 192 | 185 | 207 | 240
3 > 35.00 | 410 | 48.0
25. . .
60 il 120 | 169 | 185 | 205 | 26.0 500 | 340 | 600
5 30.00 | 450 | 430
2 51.67 | 67.0 | 109.0
20 11.0 | 195 | 24 220 | 37.0
3 6 3 53.33 | 68.0 | 74.0
2 4833 | 790 | 97.0
15 30 115 | 197 | 189 | 220 5
3 36 6333 | 610 | 650
60 * 125 | 139 | 155 | 195 | 37.0 3500 ) 570 | 1160
3 4833 | 620 | 530
2 4833 | 79.0 | 1180
20 130 | 196 | 220 | 220 .
3 2 %95 98.33 | 117.0 | 139.0
2 51.67 | 87.0 | 129.0
20 30 120 | 185 | 155 | 235 | 54.0
2 83.33 | 104.0 | 1520
60 ¥ 125 | 176 | 170 | 240 | 515 200 | 980 | 1290
3 83.33 | 120.0 | 1610
20 * 125 | 214 | 190 | 205 | 59.0 56.67 | 1040 | 156.0
5 78.33 | 110.0 | 166.0
2 4833 | 106.0 | 117.0
25 30 130 | 208 | 180 | 25.0 | 545
3 > 90.00 | 910 | 149.0
60 i 130 | 181 | 185 | 235 | 475 98.33 | 1120 | 1580
3 65.00 | 137.0 | 148.0
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Table 7. 357] 218 3 ®eAe AF= [BF Do) (m), MFe=E 15T,

Z% 30 pmol m? s'l]

LD Al 1 3 6 10 11 14 17
3 4833 | 610 65.0
10:14 115 | 197 | 189 | 220 | 365
3 6333 | 790 97.0
3 46.7 54.0 62.0
14:10 120 | 201 | 195 | 205 | 37.0
s 51.7 67.0 92.0
3 23.3 53.0 61.0
12:12 125 | 187 | 165 | 180 | 310
2 45.0 500 | 1010

F99] gl -AE wloF 18U o] F o] o] Foix An|AA Z7]e ZAA]I
olxAEZ WF3A Hed, 4 e 2 25 FHE F9] olxAY AL
Table 83} Zt}.
EREEE 10T 72A 25271 57}2*% olxA) o] HF FAol F7}

s}oq HloF 529%F 2% 20, 30 2 60 umol m* st ZAA zHz 555.5, 697.0 2
735 meo] ZAolAAL Uehfch 15C FteAE 30 pmol m? s 2ZANA
ofxA 9] Aol B =5 =4 Hlgt] F& < B 1,527.5 um91 2401*372}%
JeRiAth 20T FRIeIAE 15C T30 vEvbAE 30 pmol m” s E=AA
ol A o] FAol Et ol i3t 718 #& <l B+ 1,587.5 me| Hol
AAE el 25T FRAE BEE 25 FIAA ofzA 9] Ho|g Aol
Azsgoen M Ye 25 2742 20 pmol m? st AN HF Gl
744 & 5120 mg JERARITH

BF7) 2AEEE 1212 LD) A g 524F olxAe HaF FFol
1,3125 m= 7} B e Bgon, 1410 (LD) =7AA 1,025.0 m 2 10:14
L:D) =AM 730.0 me] £o2 dojlAg] AolE YeERUTE (Table 9.

B

b

l*N
r\l

f

1
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Table 8. &% B 2= X7 J3) ofxA o A (B A&, mn)
2= 5 Hj g4 ()
(C) | mol m?sh| 19 21 24 31 38 45 52
20 400 | 470 | 660 | 1105 | 1910 | 3230 | 5555
10 30 405 | 530 | 6L0 | 1240 | 2345 | 3320 | 697.0
60 455 | 540 | 745 | 1155 | 1815 | 3410 | 7350
20 630 | 945 | 1335 | 2760 | 5940 | 6650 | 14155
15 30 69.0 | 995 | 1205 | 3080 | 799.0 | 10720 | 15275
60 730 | 8LO0 | 1205 | 2775 | 5030 | 7220 | 730.0
20 820 | 540 | 775 | 1295 | 3330 | 5280 | 626.0
20 30 860 | 815 | 705 | 160.0 | 7495 | 11020 | 1587.5
60 685 | 685 | 875 | 1570 | 3385 | 569.0 | 11675
20 351 | 453 | 851 | 159.2 | 2585 | 509.0 | 512.0
25 30 260 | 330 | 835 | 1510 | 2551 | 3140 | 3851
60 210 | 251 | 295 | 650 | 981 | 1534 | 367.0

Table 9. #F7] =48 F3 olxA Y AAE [Hd ZHol (m) WYL= 15T,
-2

Z% 30 pmol m” 57
e v g (D)
D) 19 21 24 31 38 45 52
10:14 69 99.5 120.5 277.5 503.0 722.0 730.0
14:10 75 94.5 173 249 695 955.5 1025
12:12 56 86.5 119.5 296 753 919.5 13125
I 2= 25 9 P 208 F9 ZAAY AF

EAA BRAGAANA G 2= 2 Z7¥ AR Aol Table 10
9 Figure 63 2t} 5C 2% ZZAE 60 umol m™® s AP FAA v
34U % dojAAo]l HuX¢ 224 mmP. L=, 30 ymol m? s APFA HAX]2
170 mmE JehAITh 10C €% Z2AAAE 60 pmol m” s AH T A
wjok 34U % Zolgzte]l Hxmx)el 36.3 mm F.ow, 20 ymol m? st AT
A4 29.0 mmE YRS 15T Z7A0A= 30 umol m™ s ATl A

T

L

T i

- 74 -



ol yo] X2l 368 mmE eI 2H, 20 umol m? s AP TN HA=2
32.6 mmE JERARTE 20T &5 ZZo|AME 30 umol m* s AP FA o]
Aol AuXQl 37.8 mmE YERIRSH, 20 pmol m” s AP HAAQ
29.0 mmE YJehNRITh 25T €% =AME 30 umol m? st AP Zo]
Aol A3l 254 mmE JeRN e, 60 umol m” s APFN HAXY
202 mmE JERIRLTh webd Fuie) ofgl EAA wAllAE 20T 30 pmol
m? s A@TelA Dolyol s LM

FFr) 2719 F3 TAA ) YA Table 11 ¥ Figure 734 zth 14:10 L:D)
o] AdzAdA e UIF HolFo] HIA 392 mm=E UEROH,
10:14 (L:D)9] DA =xZA 346 mme] HAAE JYerldth webd F39
ofd xR 9] A A=A Aol Re] AT Ao Ve

Table 10. 2% ¥ 2= 274d F3 A A [HTE 94 (mm);, FF7)

L z X WS ()

(0) |@madm?sh|[ g 11 14 21 27 34
20 12.4 14.4 15.2 16.0 16.8 20.4
30 10.8 12.2 13.0 13.6 146 17.0
60 12.2 15.0 15.2 16.6 19.0 22.4

10 20 120 18.0 18.4 21.0 25.2 29.0
30 146 19.2 19.8 23.4 28.0 318
60 12.8 18.6 20.2 26.0 32.2 36.4

15 20 124 18.2 20.0 23.2 28.6 32.6
30 13.2 218 22.8 30.0 33.0 36.8
60 13.8 19.0 20.4 25.0 30.8 34.6

20 20 13.8 18.2 19.4 234 27.0 29.0
30 13.8 212 238 316 36.2 3738
60 13.0 19.4 22.2 27.8 318 348

25 20 136 16.6 16.8 19.4 22.4 228
30 136 18.2 18.2 244 2538 25.4
60 13.0 17.0 19.2 20.4 214 20.2
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4 59 799 Z271E 2= U4

A4 1 mmTe 39 59 (Figure 8)2 wiYg 55 &< 18T 2= Z7oA
71 w2 A AAskR o vk 53500 15T FRolA f3e] A mm
etk ZF &5 FHEE dojaAdl oA 723 zlole gle Ao
Eiton RnE 237 AX HF 20 mme AL MHAE GAE AT
Z 44 1 mme I3 F4& 12-24T T3 &= WA ik 55U
°F 20 mme] FAZ At FH Y3 AFE 054 mm/dayS vepdtin &
At

JA 5 mmTe] F9 {9 (Figure 9 v 25714 21T &5 FA B
22.6 mm= Aol ao] 7P gt o} o|Fo= 12T &% TREeA Aol
Bo} whebd vk 5% 30.9 mmE HIAE U T. 24T &5 FNA =
vk 3F71A AolAAe]l W+ 20 mm=E F7FeFH o ol & Hap At i
5FFde He g% 9ImmE HAAE UYepiAdT @A 94 5 mmae
=3 Y2 12-21C T3] 25 HY oA vk 55793t oF 25-30 mme] FA=
s, B A7+ A 0.55-0.73 mm/dayS YERITT & S o)
2 10 mme9] F9 §9 Figure 1002 v 7I12HE 15T 2= 20A
78 wE2A AR Wi 55%F Fd G 38.6 mmell €3HoeH, 12T 2
FHANE AEHH] do|ydE BHo] v 55F H 4F 39.2 mme] HiXE
etk 18C 2% FIHA s wld 237 F5Y AojAol FrletA il
VAT AFS velgler, 21T &5 7oA E WY 257%F Aol Has
VERNTE E=FE 24T % FeA e &9 fA9 Aoyl AA HAdE)
AAste] Wik 53 %F Ha 4 9.9 mme HAXE Jehddo wEA 4%
10 mm¢] F9 F9& 12-15C 25 HAdA vk 557L3t oF 39 mme| FA=
s, BE A7 RS 0.82-0.83 mm/daye JeRITT & 4 o)

wetA F9 gAe Z7E 2= WA E 94 210 A 5% Bu
T HYdA FH3E F Jde AeE vesen 4% 10 mmag o83
& F4o| 12-15C7 A e 243 s I8E] M =34t

o
N
o

i

.

.7

o mf
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2. 399 A4 I digl g =21 a7

H52 (Figure 110 W& FA 7159 A5t Holds Pt wjeA =2
Z2 Al ok (Figure 11D). o] % wiF 10 o]Fols 22 el s-Ale) A&
TEE 5 A = vl 159 Fols FAso] o]FoxA Ho (Figure 11E).
BAre} GAEIe] A S B3t ofZAZE FAEM (Figure 11F), o] olZAl=
old A (Figure 110)E AeHA At

T AgRte 2 RE giEge] §54 HEE =3 st 1 AR
of INZEo R 3o, AT E HFE TR ¥ FFAE TE A
(Figure 12A). @713 HA& B3l freate] 4% &5 AT F AR
ol of 3T A= fFFAe] AYE FE3HHT (Figure 12B).
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2 A7 AHE s Rxe dRFATAEGNA &2 AEFd A d5F
ekatio] AlgojAbell A 2007d 99 les}%iE} qdas B
A AFAE &9 H, Al FEE dHste BHFESTE 3 A &
Hs & 200 ml A2 500 ml &) vlo|A ApFut 2Z+& Y31, Incubator
(EYELA MTI-202B, Japan)& ©]€3t 10C, 20 umd m™? s 2 10:14h LD)EA
M AANES HFEA PEL FEsET $E2E 43249 01 mE e
multi well-plateg ©]83}o] 3|4 o2 Figure 137 Zo] fFFAYL AH=E
23stel WEE RFEAT 45U F FFMSAIL TEEE 7 g9 e
SHl9A 2 TRt Wxel A7 Some] WaH petri dishel 83t 17193
LIRS A=

_l

D gAY de 9 vz

Hl-e-A 2 eule-A Wolgl = A 2] e 9AE 24 ZEAVolA (DI 25basic,
GMBH & Co., Germany)Z 24,000 min'e] &== 187F 2335ta], 12 well plate
of PESI v}A] (Tatewaki 1966) 1al& 931 & welld 17§¥ o] dul9-A S
Zyzy gtttk migEaL 4 =73 (5, 10, 15, 200)% 4] 2243t
(5, 10, 20, 40 pmd m™ ) R 37 FF7] P [10:14, 12:12, 14:10h LD]CE
dAd&te] Multi room incubator (DS-14MCLP)E ©]-&3}e], uj9-3e] ZAojya =
g JBE =HAN (Axio Observer Al, Carl zeiss, Germany) 2.2 #&sl4ch.
Z&9 &4 LI-1400 (LI-COR, USA) e & 3tgal, &= 719 AA e FAd9H
(Lee Filter) ND 209, 210, 2118 & AMg3ted -3t T2AYolA (DI
25basic, GMBH & Co., Germany)Z #3 & dgd wjeAls EX7 Q= e
A& A8 &Asl¥H e PESI A (Tatewaki 1966)= 7 v}t ndls)] Foh

2) 9 ¢ A AR

3 GA (Figure 14A09] APgut (Figure 14B) e 2R E W&Ed 454 Fgure 140
v LEFA 7lEol FFst 7oz Ao ol 3YF A guleA
(Figure 14D) =& <u]-$-A (Figure 14BE)E WA AT Zztel ¢4 wl$AE
71 &AstlA of 30do] A=Y Figure 14F-G&F Zo] Hj-$-A Holgl=
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A=At iEﬂMOWE oj-g3te] Aukd U wiAe HH (Figure 14H-D
< Ak 209% Figure 14J-Ke} Zo] zHzh wj9-x) Qojglz F23t4th
L5, 25 9 FF7] 27d Gu$-A1Y 3%{’_— Table 12¢} 2t} 2=z74
Qra oA o] AAL 20T TN A vl 209 T 289.2497.9 mB 7P IAA Ak
on, YAFEL 0.0282 B} 2% FZtol vty MY 2 FAE BT
ZHl¢-H) GA) 20T FrolA Bl 209 % 390.3+454 mE 7 A AsHow,
DEEL 00042 B 25 74l Higte 7 itk 5 22 257
Fol A5 ooy dAAEL wEA Frlete AEE Bt
ZeTEEE A 2uWl$A 2F 220t FU1E4E doly Aoy
AL BF Zvtete ATS R, ik 209 F 40 pmd mE s LA
ohul ¢-A o} Sl Ao YW ALEE 7 0.0349 0.0442 YENGT FF7)
zAMEE GHl$AE 12:12h LD)9 FYxA4AM a8 fuj$Ae= 14:10h
LD)e) AYzANA LFAFA-Eo] 2zt 0.030 2 0.0422 78 A Jehsich
webd T ale-Ae] FA4E FAd Had AR wdzde leAst 10T
10 pmol m? s 2 10:14h (L:D)elH, SHR-$-A7F 20T, 40 pmd m™” s 2 10:14h
L:D) 279 Ao Vet

Hr e

3 F9 ¢ wiAY 44 F
3 duje-Ae] R HL 2=
Ueh) At (Table 13). #jF 15¢ 3 <)
FAstgon ek 208714 5-10C Z=ZANA viksd oul
Qe @ty 2EZAMEZE WY 1093 40 pmd m? s FIHNA Aer)
1A\ AREen vl 159 F 20 umd m? 5T P E Aer)
34¢ 2ok 22 10 ped m? 57 FREOIA miFE el M WY 209
= A7} AR gl B 2A¥s= u)ok 159 F 14:10h LD
12:12h (LD) FA ZAEA7 FAFRNLH vjoF 20¢ Fol &= 10:14h L.D) 73

o ot ol ﬂllﬂl
o
2

=39 ujeAe A AL 25, £ 8 FF7] 2 et Aol

YERAIT (Table 13). ¥l 10€%F 10T FbollA 718 A 2787) B4 A=









Table 12. 53] ¢FHl$Ae] &5, 2%

et Il

pls)

B3] 2AE

AHYAE

Experimental Initial length (gm+SD) Final length (;mSD) Growth rate (im/day)

conditions Female Male Female Male Female  Male
5 1641017242 1338514179  214.00+6831 234.50+113.96  0.013 0.028
Temperatre 10 23320+3810  47.10+3670 0018 0.031
() 15 2766044115  308.50+3831 0026 0,042
20 289.20£75.99  390.30+4544  0.028 0.054
5 1641017242 133.85+4179  265.00£58.80 242.10+32.07  0.024 0.030
Imadiance 10 26.60+4115  296.00+5574 0026 0.040
(ol m”* §7) g9 302049180 308503831 0032  0.042
40 323.20£99.45 320004511  0.034 0.044
1410 164.10+7242 13385+£4L79 276.60+£4115 308.50+£3831  0.026 0.042
Pho(tfg)md 1212 208.30+8585  299.40+3501 0030 0.040
10:14 290.70£76.21  277.80+55.96  0.029 0.037

Table 13. &3 iAo Hso MAE 25, 25 9 FF719 JF

Maturation of gametophytes

Day Oogonia formation Spermatia formation
0 5 10 15 20 5 10 15 20
5 - - - - - - - + +
Temperature 10 - - s - + + +
(T 15 - - - + + - - + +
20 - - =4 - - - -
5 - - - - - + + + +
Irradiance 10 - - == - + + + +
@mol m®s™ 20 - - - & 4 -
40 - - + + + - - - -
14:10 - - - + + - - + +
Pho(tligl))e;iod 19:12 _ ~ _ N s _ . N N
04 - - - - 4 - - - -
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o EEA ] FFAH (AY)

=9 gAY TEAE AL E BqfHsHA Wojurie A9 20061d 34
RE Aglolgells Bole) MF=E Table 14 2 Fgure 15, 169 2o} Ho) =3
Aol 20061 6278 2007 6971A EatE o)) st ALAR] FUF AEFE
vEeldo] 20073 4€ele HTAolrt HX R 1249 cmell E3ut. EZE-X 9]
EA 34 QA BFHelE Sy 3575709 WA AR FUkste AES
YERD, A oo 2o Bl Figure 1594 o] g B33
AslM At ZEA=REH AYE ABGA S S+ Figure 163+ o] 20063
9ERE #EH7] AR en, HA F7IE) AFste] 124 HuAR] BT
L6ZNAAE JeEriSITh o]F 2007d 14%EHe TEAZREH AAHE A
QAL F7F A st AFe BTk 4 AT LEAZRE PP A
QA FE 7NFoE dto] @t 2L Im% LEAZREH AYHE A EA 9
& Table 149} #Zo) Al 927i/m= FHE + Aok

wel 23l A9 sluit §FEAES AEte] kAle ERE ALsH= Ao
oflel ZEA S AYHL o] &ste] FYHUAE 59 FHE 7 FHEE o %
& g e Aotk

Table 14. Al 4 o1& F3 QAL ol &3 ETHA FFHAA (AA)

= 5 2006 2007
e MoA M J J A S O N D J F M A M I
@z}
EZ;% 0.8 2.17 25.00 51.43 60.78 62.00 55.87 58.01 79.00 124.33 127.08 131.10 128.03 149.30 107.10 84.23
= 1
*2:301 010 020 050 156 472 475 334 446 505 1181 1892 2038 1594 2882 1890 10.70
K %17)
E—'(;l;aﬂ 273 597 470 520 390 530 635 566 827 534 1249 805 732
ERAEA
22:3) 470 450 470 350 470 560 550 610 750 460 660 470 6.96
ARG L
A=) 194 154 815 1529 1340 1630 1007 849 201 483
] 4
A HZ{]T 0 0 0 0 0 0 056 042 110 160 094 093 017 002 001 001
G
/'\‘MEE;H%I?)T - - - 1800 16.00 46.00 7200 9200 84.00 2400 240 055 118
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3. 599 Aty I+

7T.

-.~
e
ol

AE

D A% AE A7 75

=99 A AR A7l AdoA F3¢] Aol FHHE A7k DT
#dol Itk wEA AdTENA FH e Adute] FAHE AVIE =ARE
A Figure 173 2oh 39 AA7FA s GA7F 2dste AVle 7€
HEjoln] o|F M} Fr13br] Alzbete] 11€ole 3 84.6+12.2%E JeERAITh
12¢78 A% GAY S@HELS FdA 243 AFste 1960 30.0+2.0%%

b ausd 2t ged §9 44 A

% Z Adu 94 B9 28 WSARE Figwe 183
s 94 Wxo] WA ks AL B 1090 HAQ
A+9.7%% JERIQTh 11YEE Adi IARAL WA Pass Aee

4
B 1do] HARQ 2.0114%E HEPAAL 2 FE = ds FAZE 3EHA
wetA AT F99 A d4A 2 vE&e 11do] /M so4
il ™

AL ALY Al FA WF BEEAE 1090 M 5o & F e

o] A7} 2 AZARA YoM AT & 5 Ak
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Ratio of mature thalli (%)

Sorus area (%)

100

10

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month

Figure 17. At lAH A< 53 GAY &8 vls.

Er-AIRIRRI IR

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month

Figure 18. &3] A} Ayt B4 W3 HL.,
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2) AE 718 A% % AE a2y

= FARA AE ANAE AFEHE Table 159 2o F5:22 M
A% RAYEE A Lu/}*P 213HAke) 735 22411183 47H/cmE el et
428A1e) A% 315.1+198.470/cmE UrE‘rﬂM 42l A %‘?J_JJ} 2 A
o2 vetgtth ek 71zt A&SEEA ‘:‘Z‘E’-_JJ_% Xé AT N
el en 60¥Fe] Hae= 213HAeL 428 Aol A 242 73.0£19.470/cm
2 96.2+32.770/cmE Vet w9-Ae] AAE=E wYg 602F 2184
749 @R 54.9+240 mPA 4234 A 3062145 m=E JER 218HARS
AP FAA F3] WA AFE7 B A% AoE vebgtth

H
rO

Table 15. & 713t 5 AR 7128 F3) Wj¢Ae] 229 A=

ul| oF . An 712
e T No. 21 No. 42
A (cell/em) 224.1+1834 315.1+198.4
° 4% () 5.1+26 5117
A% (cell/om) 163.0+98.4 181.4+12.7
. A% (um 17.6+4.9 12.4+8.0
2% (cell/cm) 89.0+49.4 129.4+82.7
¥ 43 () 22.8+838 135+35
A (cell/cm) 73.0+19.4 96.2432.7
» A% () 54.9424.0 30.6+14.5

3 Am AzPE 4% B AB &%

23] ATAEA AE AZHE %%x}sl Rt 288E At AR
298 acdolzt ¥ 4 Ak T FEAY ABES GIE AR 1, 2,
3,495 Ao Qe w FA R3E WA EE kxR A% 2 AR
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A= Table 163 2o AE A3 §3:x19) B2z A5= A5 4A)7F AP
oAl 22411834/ /cmE FHAXE HYorm 1A A@TolA 81

HAAAE el oebA F3e] fFEAE JAFAMED B¢ ABEY 5
AIZFe- AXNZEO B FAB= Ao] a3p&l Ao

Table 16. ANE AIZHE 3] v-¢-Ae] Uzl A=

Wjop . AR AR ()
s h 1 2 3 4 5
A% (cellcm) | 8144425 | 9544304 | 114.3+24.7 |224.1+183.4 | 105.4+45.2
’ B G 51+2.1 5.1+2.2 51+2.4 51425 51+2.1
WE (celcm) | 72.04324 | 7574247 | 90.4+205 | 163.0+98.4 | 95.0+12.8
* A4 (m) 164+46 | 171434 | 178435 | 176449 | 175+3.1
A% (cellcm) | 6054275 | 745+245 | 742+154 | 89.0+494 | 42.0+15.7
Y 4% () 165+35 | 156451 | 184+48 | 168+88 | 17.6+49
W% (celem) | 57.1+134 | 7224181 | 754124 | 84.0+21.1 | 39.5+114
¥ A4 (um 198426 | 21.7+47 | 2164435 | 17.3+47 | 17.8+116
1} 7}eol 4

Zul9] 7lo) A& 1290 At (Figure 19A) oF 370 & Sekzlog F49
ol E Zeold 4 gl (Figure 19B). f-go] woldl EAE 9F 2 cm Zol&
Zhet 10 cm JFA 2 FAFERZ 719 B AAE
ZTol= AR 15-20 cme] ¥A (Figure 1902 A1 oF §71¥€ Fol= IF

2 moll Bl= Aoz AAEAY (Figure 19D).
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E5EE 326-30.6 ppt2 YA AFE Yelilon &40 EE 2€9
mg/LE Uehjiglon 196 HAX < 7.73 mg/le e
3o HX <l 4985 msE RFoH o]ee] 77t Fo+=

b
N
N
rO
-
<
[=p}

Table 17. 7}ol4 713t 9 &, 9, €&t # A7|A=x sl

ZA YA F & qE SEA ANHEs
(7}ol2] A=) C) (ppt) (mg/L) (ms)
2006.12.21. (O 12.4 32.6 7.86 37.84
2007.1.4. (14 111 32.8 7.73 36.93
2007.1.18. (28) 9.6 318 9.39 34.69
2007.2.6. (47) 9.7 32.7 8.10 35.66
2007.2.15. (56) 8.8 30.6 10.60 32.40
2007.3.13. (82) 9.6 32.3 8.56 49.85

2) 7holA AV AR =

7ho)a] A7 Fue] AAS Table 18 % Figure 203 2t} ofxAle] 23
Ao 13 7lold AZ1d 129 Sl Zholals AARE AgTolse 7ol
569 % ofx Aol WEs} 154+557/cmP ot 23 Jtolal AFH T A=
16.4x6.170/cm 1=8]3 3%} 7tol] AP FAAE 8428/ /cmE UERYG 237
7tol2l AFPFA olx:AY] RAUET} 7MY H& ZALE Uehuth ofxA| 9
Ao|yAe 221 7lold A FoA Jlold 56¥F- 347.2+1249 m=E HIXE
Uetdiglem 13 7lola] AgFolA 11434553 mZ HAXE Yehidoh
7tolA 82¥%F f<o WAEE Figure 187 ol 13k 7ol AT A$
9 23 sE A4 d9on? 1L3+0.170/cmz 7 &Agkow 23k 7lo)
AET A9 F99 FAU=s) 35203/ /cmE 713 2t

99 AAE= Table 183 #Zo] 1z 7lol4 A3 FolA rlo]d 82U F
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Table 19. 7}o]4 A F3) ofzA o] Uit A=

7ol Al . 7holdl =4 (m)

U5 T 1 15 2 25 3
W% (7)fem) 484+123

’ QA (m 23.4+6.2

L |BEONem | 34+15 | 133438 | 34x128 | H5£130 | 161491
A% () 25.0+105 | 1004119 | 325143 | 283+159 | 313+28.2
AT Glem) | 16+09 | 11142 | 294+164 | 275+175 | 138464

¥ e 6554211 | 159.2260.2 | 127.947L6 | 156.0+458 | 94.0+246

o |BEOM | 05+02 | 1L0%51 | 174x28 | 155+61 | 1l4%48
4% (m 580+154 | 7324133 | 13764680 | 1629255 | 1255+42.4

o | UE Ol | 05%01 | 68434 | 164%61 | 74%69 | 3120
A% (um) 107.9+425 | 283.54504 | 347.242249 | 190541212 | 146.24715

o | UEUNm | 03502 | Lex02 | 35+04 | 23t02 | 05%03
4% (mm) 12444 | 9516 | 159434 | 8127 | 35+L6

Table 20. &3¢} 7}o}4] £AE U7HAAA-E

7rolH A=

ol X o] Al o] Al
TE P G zmaww g fni‘;;ijf
(mm) (mm) () Y
7}ol 1.0 0 1.2+04 82 0.014+0.005a
15 0 95+16 82 0.116+0.020b
2.0 0 15.9+34 82 0.194+0.041c
2.5 0 8.1+2.7 82 0.099+0.033b
3.0 0 35+16 82 0.042+0.019a

* EE SR 3HE AT Hdd REAHAE EASAS. A4 HAE a posteriori
Fisher's LSD test A% 43 (p<0.01).
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4) R ES

=98] 7tol4 712t F AEE D FTA 23S AAPYEL Table 219 2t
1ol 7Y ZF Y9 R2eE2H Fo] Ed3Ne Caprela sp.7t Ed317]
AEBIATE 290l RESESAES 95Tt vS gollon duielel Tz,
EEEY, nHEFe] Fol SHsIR L, Caprella sp7t Y Boh B ==
Zd3Ath 3¥dlE EESEFA U=rt M wskow sulga e} ofr)vly
AZo|7} 2ol 2AIAT 449 FHASNe Caprella sp7t B WEE
SRS FA €@ wE e 145E ALHoR @A wEA F99

7teld 71 & 24 i 7FolMeY F2RY TES XYY BT
11F¢] sjdy &l Sttt
Table 21. 7}o]4] 713t & @Y WY&
] g | 2007
9% 1 2 3 4
=7
Enteromorpha linza (3 3+e) + +
Ulva pertusa (773 Z5}2) + + + +
Petalonia fascia (v 9 4]) +
Acrosorium polyneurum (Z3539%) +
Lomentaria catenata (vjt) &2 o)) +
Lomentaria hakodatensis (o} 7)a}t) &£ o)) + +
Polysiphonia morrowii (2 $-5-&4) + ++ +H +
TEF 278 AH8E
Navicular sp. + + + +
Caprella sp. + + ++ ++
Gammaropsis sp. + + + +
Hydrozoans +
Mud + + +
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o 4

rlot

D g ol%e 2733t

ol A FAe A =T i ALE A oA 20061 3YRE
20073 6€7kA wWig 4 ZFHXE ZUER AT (Table 22). 48 712 F

F&-L 880~256Te EZE Yehlilon, 2007d 2¥9) 713 22 88CE
BT, 20061 8o 7E &L 256TE Ul EREEE 29.7-33.6 pptel
EXE Jehgiglen, 2006 d 7€) 7H & 29.7 pptE JERRA I, 2006
49 714 E& 336 pptE YERINTE £2440 FEE ¢ A3t A9
°ow 451~10.60 mg/Le] ®EZE Yeplio. AdE=EE A&dd 2449
FE7F w¢on AEHY ¥ FEE BT WUAEEE 3244985 mse
X E JepRSIch

Table 22. 99| &A 717 5 FAAR

Month Temperature (*C) | Salinity (ppt) DO (mg/L) Conductivity (ms)

2006 M 8.90 32.30 6.95 37.80
A 10.80 33.60 8.55 37.11
M 13.00 33.30 8.08 38.97
J 17.10 31.90 7.22 48.70
J 20.80 29.70 6.33 42.23
A 25.60 31.40 451 48.10
S 23.40 30.50 6.44 45.39
O 20.30 30.30 6.28 42.25
N 15.50 32.60 6.59 40.78
D 12.40 32.60 7.86 37.84

2007 1 10.00 32.10 6.55 35.30
F 8.80 30.60 10.60 32.40
M 9.60 32.30 8.56 © 49.85
A 12.00 33.40 8.20 38.35
M 15.80 33.10 7.46 41.56
J 19.40 33.50 7.09 45.44
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2 1t 5 E99 A=

7h =98 ¥ A=

F3)9] PYAYL Figure 229 o] £34 2 SHHoz ARSI F9
TR g A= 9d W= Figure 233 2ok 239 g4 (Figure 23A)
< 20063 SYRY whEA sty AlFste] 8o Aojyito]l AL
10478 Aoje] F7lete 4TS Uitk oleig AojyRe] F7te
2007 497HA] A&H o FUhste] A3 14934262 cmE HERAR O o)F
T2 F7kek A Gl Fasdte AFES UEdTh F99 9F (Figure
23B)2 20061 6L7HA WEA F7hste] 124+16 cmE UERA olF 2007 19
7 14.2£18 cm2 2 AolE UEhA agtoy 245 E oA fFo] FUt
371 AlZhsted 49l HaAQ) 23.0+3.1 cmE JERNITE. 5% (Figure 23C)
£ 2006 3YHH 20073 4€7bA] FES] FrFetel 20079 4€el HIX| <
188.9+46.5 g& Hoon S5ARE vA Zaste AFE JERAT. ¥4
2xo ©9m7 F39 FEF (Figure 23D)2 20063 3YRE FF3 ZF7lsk=

AL B 2007d 590 X<l 127471 kg/mES JER)SIT

uebd 539 A AFES a8 A5 6-T2ell dolyge] Aol g3kl
o7h 109743 o] Aadte A Elon 1195 H E58 £t A%

&w7) welH oAl ke Ao Uehgr

o

rl

N
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Length (cm)
=)
o
Width {cm)
o

@v@BBV%erQpQ N e WD
O

e XDV g 0O1Q N v D
& S

©
& v o

250 r
200

150 |

Weight (g)

100

Biomass (kg/m)

50

0
D XD Ve s 0O N N D
& $

®v®5>v%oéog«><<®v®5
> v ® P

A 9% (cm). B: 4F (cm).
: AT (g). D: DmT EF (kg/m).

2006 5ERE 109744 Fe) F APA7) B SR Y 4PAH 69
1099 7 548 @9 gAe] 4%e Figwe 24 9 Figure 259} 2t} 2 Zo]
AL 680 Arhdaol ERsdont ol Bigol Yo} Bolaaol ztasy]
109 =9 gAe WFE Fbsk] ARste gAZe] FsE Ao
Rtk 69elE Lsm HETOIM ol L AAZel b Feghe w
o1} 108elE 2m YT 7hE B 17001 kgfme) AAFL R,
7k a8 B 9] Zol4E Figure 26A% Zo] 680 441 L5m AHTo)A

32
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[oRlke] [o]
2B . & 4 A &F A o ro
P - T
" () () () (mm/day)
F 4 0.5 80+45 533.0+96.5 120 4.375+0.763¢
1.0 8.045.2 557.5477.7 120 4.5790.606e
15 8.0+47 587.0+90.6 120 4.825+0.713f
2.0 8.0+5.0 4775+88.5 120 3.913+0.696d
25 80445 4815+115.0 120 3.946+0.917d
3.0 8.0+4.8 3445+111.2 120 2.804-+0.885¢
35 8.0+5.2 2838+153.5 120 2.208+1.238b
40 8.0+5.1 185.0+66.6 120 1.475+0.513a
* BE FAE 3HE AT Hod EEUAE BASIAE. A4 AA= a posteriori

Fisher's LSD test A% &% (p<0.01).

“Z=z=51ek (Y) = -0.331X+8.198 (r’=0.9903)”

mata 3 Jteld Iz F AA $4
671377 ymolm™® stolQ o, 4 77t F
eFo] 925+341 ymolm™® s7'¢1 o2 ey},
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Underwater irradiance (Lmol m? s
0 500 1,000 1,500 2,600 2500 3,000 3,500

Main cultivation

uuuuuuuuuuuu

,,,,,,,, < Nursery cultivation

Depth (m)
3]
%

Y =-0.331X+8.198 (r2=0.9903)
X: depth, Y: LN (irradiance)

(95 ]

L BY W I F ST SEREE B A AT
sEawTe 523 B £4% £ER%0 Adzagy

FE T T T P 2o 2HY AHEL Table 249 o] F 24

2Rt 12Fo30x 78 e 1232
22y H24, 74ERE 2 vEA ol =
N=E7E 718 Bskew S5EFE AR 3 xR £dIE 4-5F0=
Uehgton o] 9lo] A7Z|E¢e 1-3F s JERT g dAYEe] &3
FEe FE2 6EHE 9d7A AVIEd T AeFol 7 #edth

TERE 9€e AZldle 78 s e STt T-10F00 EIklan,
8ol EdFT7E 10522 71 Wkt

ol

tru
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Table 24. ¥4 713t & 8% A E
_ 2 |2006
28 4 5 6 7 8 1011 12
Hz2f
Enteromorpha Iinza (2 9}) + +
Ulva pertusa (7% 2 5h2) + |+ + |+
Cladophora japonica (Evjvit)) +
Codium fragile (37} L T I
Petalonia fascia (77 % 4]) + |+
Grateloupia turutury (W) 8250} + + L+ 4
Graateloupia fanceofata ) =¥H +
Acrosorium polyneurum (R22%59) +
Lomentaria catenata (vjtj &30 +
Lomentaria hakodatensis (o)7)u}t}@=2o)) | + + |+
Gracilaria chorda (7R LA =71) N
Polysiphonia morrowii (R2$3-5-24) + + |+ |+
T2F 2 78 A8
Navicular sp. + + + +
Caprella sp. S I I o
Gammaropsis sp. + S I o
Obelia sp. + L
ol7|ddE & + ++ + +
Hydrozoans o o+ +
AFEA +
nHy + + + +
QU= + + + +
&9 + +
z +
Mud + + + +
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s}
=]

g

A

o] W}
8.81T~25.6T

0.47x +8.40

=

2=
Y

T

! 2m Aol A

0.19440.041 mm/day® 714 E9kom, o] A7) 23S 6714377 ymol m™ 5™

5}

==z
5

0.26x +8.14 (r2=0.98)

%
6,400 kg-fresh wt./ha=®
ok Al

Toll A 12093 4.825+0.713
[¢]

FA 3}
925-+340 pmol m™ s &
[e]

A %71 Figure 299} 7o

=i
=
<3
o
1)

T
=

&
o

A
.
al

Al
o] Agshe

] 1.5m 2!
=21 1.5mel A

mm/day= 7 =kew, o] A7|e] s

o] 7te]

oL

Tol A dojxl 3.2 kg-fresh wt./mE ©] &3t @

3]

&
i=]

84 18
318 4~ Q) (Table 25).

A

) Y

SER

3L

st 4= Slv} (Table 25).

o] Hdx|
As} 44 1.5m 2!

& SEF e Z ool A
ek

=

=

=

Table 259} zt}. 7}lolal 82el%
M 1hagd 204

215

=

1 24,800 kg-fresh

ot a8z 2ydy s 345

wt./ha= A &o] 3u) o 57t

%

+
gl

el

-

bS] 9] haw Al

A
1

d

A
28,000 kg-fresh wt./hasl A9l & f=Fon, thAjvle] had A4keF 36,000 kg-

ot

=

|

A €. o]

<]

]

o A

'mr

X

i
o]
A

}]l
ol e}

S50l B9l hawh A4kl v

fresh wt./hag] of 75% &l

-

)

37

FA gots HE=

&

T

o
.

HH

LY

& M=

AT}
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Table 25. F3] 9] 42 GAE A3 52T AA
W A= g
T g AN QY FRA Y AT TR szaw wy
(m) (mm) {mm) (&) (mm/day)*
7helal 10 0 1.2+0.4 82 0.014+0.005°  Y=-0.47x+8.40
15 0 95+16 82 0.116+0.020° (r*=0.99)
2.0 0 15.9+34 82 0.194+0.041°
2.5 0 81+27 82 0.099+0.033°
3.0 0 35+16 82 0.042+0.019°
F4 05 8.0+45 533.0+96.5 120 4375+0.768  Y=-0.26x+8.14
1.0 8.0£5.2 557.5+77.7 120 4.579+0.606° *=0.98)
15 8.0+4.7 587.0490.6 120 4.825+0.713
2.0 8.0+5.0 477.5+88.5 120 3.913+0.696°
2.5 80+45  4815+1150 120 3.946+0.917°
3.0 80+48  3445+1112 120 2.804£0.885¢
35 80+52  2838+1535 120 2.298+1.238
40 8.0+5.1 185.0£66.6 120 1.475+0.513°
*EE fril{— B AT HdH FEAUAE BASAS. A7 HAE a posteriori

Fisher’'s 1S

Table 26. =32

9 WA AN g

- 0O X

test @4 21 3H(p<0.01).

=

}\gzk oH

T 7

%

FRATF 24 XA A A} p* Bt 2% (kg-fresh wt./ha)
() (m  (kg-fresh wt./m)  (kg-fresh wt./ha) R ThA] mprs
1 0.6+0.1 1,200
15 3.2+0.2 6,400
1 28,000 36,000
0.9£0.1 1,800
3 05=£01 1,000
2 15 124+14 24,800 - -
* 3WHE AT BdEH A2t
* had FAHEZY 142 5m (201:11) 71
e FQGNET 7P ASARR (AT, 2002) 71
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D) 29 329 B3}l 9 melanin formation &) &3}

AZEE =3}, & Yolrt Eojzddl wet HRet HRE o|FE F&5EE0 HiE
"ok &, FA57F A" FEo] FUeta ©¥E AA HHEA dRzF
o] grolxAl Hr} (Lavker et al. 1987). R g ulo] 93} 3R =3} intrinsic
aging¥} extrinsic aging®. 2 ti¥ %=t intrinsic agingol® AAL -2 HH
=3 2HA FRFEg AEd JlFo] Ad2YA A AL LI,
extrinsic aginge A4 B 2EF o) o3 faEE IR w3E LI
(Lavker et al. 1987). Z &=zl upe} o] e 718 A€ v Fxest §3
Ed F9 shvolth. mie AMd =ZHW FHe FAPAESQ] collagent
elastine] WA= Holo] horny layer’} FA YA FEo] XA} (Braveman
1982). =3 Ao)Ae »=&¥ I B pigmentary depositel E71skAl HIL o]o
e} B BAE ol melanin celld] ¢7F F718tA Hol IEIF AT AA
A3k Aotk Kim et al. 1988). maba] QIbe] R xe31E WA 8] A8 B2
Heago] FEHL ATES IPstA K= v, AFAZ FA4ste] AEQY
collageng &7}, 431417131, fibroblastsE &8 A171H, extracellular matrixE
57h BASAIZIE EEY e A7d¥e AFst o (Han et al. 1987).
o|2)gk & Lee et al. (1997)& L-Ascorbic 4Fe] fibroblast growth 2 collagen
biosynthesisoll #s] R 3138}% 3, Kang et al. (1996)2 retinoids®} vitamin D]
B3 9x] gdo] tis] RudtRoer, Kim et al. (19892 Panax Ginseng¥}
Radix Astragali¢] o ®%-3} wx] &3}, Han et al. (1987)2 sulfhydryl compounds$}
cysteine, glutathione 59| 3R :8A &3 S dis] st

g71el AFE vie}h o] YAFor 83 AR} XgEde Nty 28
thoFgt chemical compoundell thet G771 o] 3 AT AP FolATH
o]& chemical compoundE<& MESA o BAL 07 Q3 I ARRo] dAHRE

=h
=

1m

o
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AHD de Aoty A ol FAHE At Y3 HAE Ee
olslg F2E o] g3l PFHoE AT HR=IJEZDE ANEY] AT A7t
=, B, G 5 7] AXEE FHSE HAH0E FUSAL s FAlolth

F9E v St gkl YA BEdte ohdd ZxRE A
2-10me} zsjtjol 2 At ot Kang 1968). ©] F& Ak dolA F4a%h
1242 e] AE8-S Fdeta Y= ol (Druehl et al. 1977), slEde F8
TREZLZN A AHA ol AuHFAczY FAYY My T2
AXE Hfsta Joh FoE A, A8 5 FENEEY Holdo g dFHe
F8 AT FY stueln, Ad AHdA=E & A9 shE QHARE A&
o2 o]y e sERFoltk 53, Fide &4 7 oilg «=7)
& fucoidane] ot FEHol Aemw, F39| fucoidand EFH &/gdo] xo}
Aol oF 14 wjo] dTii & Qi (o] F 1995). EFF =
3R] &7} e ALE 4#F L-Ascorbic 4F 9 collagene] ©-&F
Hol 9o HESYAA NI YT HAE FREHEZANY JheAol &
g Aog B A7eel] s =AEIT

et B AFME 39 FEFEY AREIHA 9 A5 FEREFAEANY
7FeAdE A48l in vitro BEldoA el ATE FAEATE & 59 FEES
CCD-986sk cell line monolayer (human fibroblast, KCBL-21947)0l] Foj&le] w5
Ao tigk 3 FE2E9 IFRAZ YeIYEAE SH}PL, =% Clone
M-3 mouse melanocyte cell lined] F3 FEEE FEdstg J3 FE2E9

melanin formation A& EHE =4t}

nsﬂﬂ

Mz do m

Wb AYAE B P

I FEFAAEGY 2RATAEANA AP AR QAE AT Lol ALE
stk Ax" F3) 50gs -’I*—lfﬂr 3 o] Aol 500mle] 80% methanolS ¥ ¥
60°C oA 18AIZE AA3t FE31% 3, FZ5 methanol 898-& 8,000 xgoll A
1587 A4 28 3 & oJa3te] rotavapo R-200 (Buchi, Germany)E o]-&3}
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&3y 5AA% gt B240xE AR 1g€ 1mle) 0.8% methanol (concentrated
sample)oll &3k & 0.45um pore size®] membranes filter (Milipore, France)2
o Fste] Aoz ARSI T (Kang et al. 1997).

(2) AAIEF LD ok

CCD-986sk cell line (Ar&3 F-A Al aZ3-human skin fibroblast, KCBL-21947)
& = AxF 23 (KCLB; Seoul, Korea)e Z28E 20073 7€ F43te] Ao
A+t th. CCD-986sk cell line-& 10% fetal bovine serum (FBS; Hyclone, USA),
0.22% sodium bicarbonate (Sigma, USA)7} &% Dulbecco’s modified Eagle’s
medium (DMEM; GIBCO, USA)o] wjFio g A8 75ci plastic tissue culture
flasks (Nunc)ellAl &% alg3l8 3 1 §F o] At AlZzF+= 37C, 5% CO; incubator
ANA FAAZ T

Clone M-3 cell line (mouse melanocyte, KCBL-10053.1) A b+ N EF &3
(KCLB; Seoul, Korea)2.ZHEl 2007d 7€ TYste Agel| A83Hh Clone
M-3 cell line& 0.22% sodium bicarbonat (Sigma, USA) % 10% fetal bovine
serum (FBS; Hyclone, USA)e]l Z7F® Dulbecco’'s modified Eagle’s medium
(DMEM: GIBCO, USA)o] ¥ o2 ArgH 75 o plastic tissue culture flasks
(Nunc, USA)ell A @ZFujeFat il o] AAEST HJA 37C, 5% CO: incubator
ol A mjekstax dEel AR

(3 MIT assayg ©]§3 IFAZ BN E 4 47

96 well plate o 1x10° CCD-986sk fibroblast cell line/well& &3} 0.8%
methanole] &3]3 39 FE2E AR 2004, 53 FE2EF AE 1000mg/ml-&
)& 0.8% methanol ©|-&3ted 28] A3 4E £ 2 welloll F71siaL o] culture
plates®& 37T, 5% CO, incubatoroll A 437t wiFstc}t (Kang et al. 1997). o]uj
49k 0.8% methanol& 28] A3 43t 2zt welle] 713t ©]F normal control
2 ALY O 5 7 welle] AHIE ArBoE st AXgEE 3,
A ZstH A, culture platee] Z+ wellol] 0.1mg (50w of 2mg/mDe] MTTE 718l
THA] 37 CollA 4AIRE O viFste] MTT7F SRS =5 3ot i S8 Al 2 well9
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Hl R & AAS 1004 Q) solubilization solution (DMSO)E H7tsle 71PAH W&
Aol AAAR formazanS A3 ¥ Zof] ELISA plate reader (Molecular
devices, USAE &35 (test wavelength 540 nm, reference wavelength of > 650 nm)
g ZA3Ath. Al52] CCD-986sk fibroblast celle]l thdk A& A=) FHris=
a3 AEFATY F3EE 7EoE JRAX Y8 =8 4T &
AR 2P AYAHE 7Iskr] s 371 AFEE 43 B F 43 4
At FAE BEsty SAAES & JRAZ YYFHEE Bt

(4) Melanin pigmentation A3 BHE =34

1.2x10° Clone M-3 mouse melanocyte cells/well-& &H-&-3F 6-well culture plates
(Nunc, USA)ol] &3 F2E AR (200d, FHFEE AE 1000mg/mlE M)
7}z 0.8% methanol o]-g-3te] 28] AG3| Mg Tz} wellol] H7istdch olw
it 0.8% methanol HA] 2v) A3 X3t 2} wellel]l H7F8th (normal control).
I % culture plates& 37C, 5% CO; incubatorellA 497t kst X 5004 9]
trypsin-EDTA (GIBCO, USA)E Z+ wellel #7182+ welld] celle ®ol 1mle)
3 FFTE AT I F AA2dA 2AIRE AR &, Imle) IN NaOH
solution& Zkzte] A&l H7bstal 24A1%F viYdk & melanin pigmentse] <&
475nm wavelengthell 4] Spectrophotometer (Molecular devices, USA)E o] &3}«
S8t AP ARYE 7Iskr] i Ao A¥E 43 ¥HEsigon
o] 43]8) 4 AAE Hwdte FAAYG F melanin A& FHAEE Bk

®) AEA

EE Z3¥+= mean + standard deviation® Ve LA, student t-testE o] &3}
7y T 28] Aol ™ & Mlwdle] BAA Y SAT

o 23 5 uF

(1) 29 F28 AB7} CCD-986sk cell line
(A 95 AlH Z3-human skin fibroblast)e] Ag]@A4ol mx= J&
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F9FEE9 CCD-986sk cell lineoll oigt MEzAdeigd &ExE MIT A4
(Tetrazolium-based colorimetric assay)-& o] &3t =43Pt MITHAHS
Fog Agrt dRAMEze BAstd E347F J& A IAFAEY AEE0
Z7tsHA "Hed olwl oF AE MEET] MNEUY gigo s
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT)e] o=
formazan crystal& A4FshAl @t} o] formazan crystal®) ¥& FFEZ SH 3}
TRz et 843 HA=rE S43e R & FREY e
AE S RAZY F7HE oulstn AT HRAEY F7e ARAEY BT E
oulsta o= IRAET P FEAAA AHY HEI HiE Aolth MIT
AN 3 Al 96 well plateE olgstd dAx#e AFIIt Thssta 49
Aol APRH ARPY= 3t g Aong 13 Ao Ak 272
o)t

B Ago)Ax= 0.8% methanoldl] 833 #3 F2E A& 200 W, 39 F2E
AN Z 1000mg/ml-L FH)E 0.8% methanol-g ©]-&3te] ALz o=z 2u) AT AT
3 7t welldl] B 23 FE2E A FATE APTLE AT, oFFARE
HA7MH A e Auk 0.8% methanole 9&5H o2 28] AT Aste Zb wellol
A7V & 2T OE AT ofo] B3 4FAAE Table 27 9 Table 28

of Jepiith &, tixT-E 560nmolA A el 2A 0.064+0.00329] FBR=E

Uehd Bt AETEYd 39 FE2E FYT2 6.25mg/ml - 1.56meg/ml T3t A
0.121£0.017, 0.123+£0.022, 0.129+0.031¢} &3 %= (Optical Density)E eI o}
tizael v At AEZAYAEAH 54E vehdo] foAel e AdATE
BoFQlo. o83 AFAE 9 FEES FAT AlPTdA iz vls)
CCD-986sk At RANAES] +87F o 200 HAE ¢ 718 AL Yehd=
ALE ol 1 FEEY CCD-986sk AHMEF digh st AzAe] &4
A7E HAFE AR A5

(2) 21 %5 AN =9 melanin pigmentation 3l A F3}

Clone M-3 mouse melanocyte celloll thgt &F3 FZ&&2] melanin pigment # 3}
g4e SAsEr 1 AFE Table 299 YA Clone M-3 cell lines
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"l kst 918 0.22% sodium bicarbonate (Sigma, USA) 2 10% fetal bovine serum
(FBS; Hyclone, USA)e] #7}& Dulbecco’s modified Eagle’s medium (DMEM;
GIBCO, USA)E& wigdo g A83lH 3 o] o] ¥7le 75 oi plastic tissue
culture flasks (Nunc, USA)ell Clone M-3 cell line2 33l G=ustg
o] AMESFE 37C, 5% CO; incubatoroll Al widslda ] Ao A&t

Z, Clone M-3 mouse melanocyte celle] well @ 1.2x10° cells &35 6-well
culture plates (Nunc, USA)ell &3] &5 AIE (200 o, 9 F2E A5 1000mg/ml-S
H)E 0.8% methanol& o] &3t 2v] Alds]| st 7} wello] *&lsla, culture
platesE 37T, 5% CO. incubatoroll Al 443t sjFsision ZF welle] celle o}
buffer ¥ 1 N NaOH solution& *2]3}3 24A17F wijefst 3 475 nm wavelength
o A Spectrophotometer (Molecular devices, USA)E ©]-&3}a] melanin pigmentse)
*E& A3 1 AAE dE27 vlasth

APAH 22 200mg/ml TFIEAAT Folde] e AFAAE YA,
of FNA UFRTY FF=E 0.187+0.0060.2 =AHHJTL NPT 20 &5
Folo] F3EE 0127200072 4= F3 FEFE FolFo| vz nis)
200mg/ml XFell A melanin pigment YFEE Fedol A TaAIE Aoz
APAAT JePT

=3 F&E2| CCD-986sk cell line monolayer (human fibroblast, KCBL-21947)9]]
ek s RA2 AABPYEHE SAH, = 9 FEFE9 Clone M-3 mouse
melanocyte cell line®l] th3gt melanin formation A EF}E =AH3s7) 3] in
vitrogd ol Al A& AAISHATH

e tHad ZxFo IdFTLE o] TL& Ix At AFA FaT IAALEA
o Je& gt e Folw At A Al oA AesH o2 YA
¢ 2% AXNE HAFsta A HZ o3 iF ZxFd #AF A+e
F2 st #AHo A o]FojH gkom (Notoya and Aruga 1990), 5322
Woleol #3-A (Yabu and Notoya 1985) 5ol #3 d77l F2 B2 AFAE
olste] Rad ul 9lar, FujelAE Park et al. (1994)0] Babgt Q& F3] 9]
A dn 24 A3 ATFE THIAL, SUHEAAE o] 87 FH9 o]

ol AT A7 Rad bk Aok 28y XA F99 AF B FEAA
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2ZA9] 7I5AE Bele A ofF mvgk Ao ofof thet AAHI A7t
&3 Aot (3 F 2008).

bEA B AFE 39 FE8 FFSH FF-2 fucoidan, L-Ascorbic 4+ 2
collagen Tl FE3to] F3]¢] AR =PPAAZA 9 THed S AAH R AT
19t e s 4 F3 FEE0] HEAN, FEAAA R IR Rgo
32 vepER &23r) s CCD-986sk cell line & Clone M-3 mouse
melanocyte cell lineg ©]&3t in vitro FFolA IRAE B &}
melanin formation A& EHAE SH AT

I A3 CCD-986sk cell lineel] thgt MZAFEA B AFPAA AFF<
23 FEE AT UiE2Fd vl A% AzAEY 52948 Jehfo] f9Aol
AE AFANE BoFa, Clone M-3 mouse melanocyte celloll ™ melanin
pigment A3jBA &3 AYPAE F9 FE2EL tl=xF| vls) melanin pigment
AREE Aol A FaA7e AFEAE el wie FVES AAE
HoF3A.

og 7kA Baof oA 5%t P, 9=, 48 5 o HAFe] HEAEL
intrinsic problems (A &7z L Agl7]%9 %43} extrinsic problems (2]
=Z 9 2E#2)E skin aging®] SEULE #AA L FRFATH dep vl
AWAA FE horny layerd] FEL AAANE F%L F79 chemical drugsS
st FAE AL Fo ok (Lavker et al. 1987; Han et al. 1998; Choi
and Oh 1997). 181} o]¥ chemicalel] B3] Ao gk Fahgolt AEEA o
FHHCE HE HAES o] &3t anti-skin aging drugs /Ndste AT
I F BEFY Aol otk e oW HAAE F3lo 3EEFo] of
tre] AFEES Il FALeA L YAE A I A wEA & ATE
2 @elike] AAAAANA At w0 I FRSPAAEA Y Y THsA
o FEate] B AFE YAk A7 A, I FEEL ¥R 2 skin-
darknessol] ™3 Ui XEEA (alternative therapeutic agent)EA¢ 83
7teRE BT

o rlo rL r[r
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Table 27. Effects of Ecklonia stolonifera Okamura extract on the fibroblast cell
growth measured by MTIT assay

Optical densities at 560 nm at the following concentration (mg/mi) of the extracts

Test groups
200 100 50 25 125 6.25 3.13 156

Methanol ~ 0.064+0.003 0.064+0003 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0.003 0.064+0.003

Ec]do_ma 0.05240004 0.054+0.005 0.080+0.008 00880011 00890023 0.121+0.017% 0.123+0022 0.129+0.031*
Stolonifera

All values are mean =+ standard deviation. “ *“ values are significantly different from the
control at P<0.01 as determined by student t-test. Methanol (0.8%) is control group.

Table 28. Summary of Table 1

Optical densities at 560 nm at the following concentration (mg/ml) of the extracts

Test groups
200 100 50 25 12.5 6.25 3.13 1.56
Methanol — — — - — - — -
Ecklonia . o . . . N . N
Stolonifera

“—> letter represents not significant difference. “+” letter represents significant
difference from the control at P<0.01 as- determined by student t-test. Methanol

(0.8%) is control group.

Table 29. Estimation of melanin pigmentation on the melanocyte treated with
Ecklonia stolonifera Okamura extract

Test groups (200mg/ml) O.D. at 475 nm
Methanol 0.187+0.006
Ecklonia stolonifera 0.1274+0.007*

All values are mean =+ standard deviation. * values are significantly different from the
control at P<0.01 as determined by student t-test. Methanol (0.8%) is control group.
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ABe) YU ATFRE AN AAtxATe] Bl YH7Izte] A

=
F ARG AFIIY R FHIE PP ST BE AT £

o2 Aol ftok I AT AY @AMl tE BAlo] Eolye] whet
AEe g svbreel s Fol WA FAHL Qe Aol
ABel tFFAel ol 7 FasA Teisolol T AL WAFel AP
ANB7, APl OF AP, AF TS BY F Qe HolFFoIth oY@
97 295 F SAcld AHE AABA] EH AR W], Holx
FHNNVE 222 AF 2AT & YE FRoIT 53 Hol: AR ¥4 AY

W) Auk olake A w9 A A A Te Hole] QA
S AR o) GAE A9 5 Y= FAP 8gle] Bk

ABFo %7 Yoo thajAE= loriya and Suzuke (1987), Ohgai et al. (199D),
B 19900) AT v Tk AR FEALL B2Y) o) FRE BAHz) Be
Hpo] ABGAL BHAA FERE F ol ARHe 44 lan AFD Je
Fole HBolA Helste] FUEASAY PHST YUtk AR S48 Hols
Z2 uel, s, gAnlsl 2 A HolE Folshthl, 98 15ed
AeolSo] £AHW W] AZAA ¥ Avel} AGANIE Fo|
FoIshn AT ARl ol Aol FFE URRE AL FY
e} AA 2Fe] BAFAS AT Qo W
sl PRI BE UANEE A}%-s}% 2 B0 4399 29 we
AAEL HRF & Q7] Go] IR ARG ol}SE ARokAld] Baw

dHolE AFsta e dAoin

ooy A
ko
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ko
o8
f
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ot
tT
N
02
2
N

i
[
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u

Z)&e) WAolal mel B thAvke e} Al AE B L5e]d
% 2457 Ho] 8l 15y B¢ ARAA FEF AR Fol
AU otk TUH ABF TFer] T G AR Holgow

28 7 d= F99 FAViec] ALAA HA. Ty S99
BEE Ho| HEo] B HETL o]FoiA UA ¥ wEkA 2

)
r& <
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- 120 -



A AR 2006 10€] dA= o] el A% 7.5-8.1cm (HF 47-539)%
FRAES AEsto 679 A¥F (23778 1x1x0.7Tm; 270 &3 Fol,

27 TAmE Fol+, 270 HlY Folghel 100ute]d qle] 485t 20083 1YHE
44747 12097 A g ofbd AEEoEA A dvt ¥E AS
At 2AAE APRAE] Sl FE £ Ae 7Y AL 7 AP T
Y Qo). Bolgdd 3332 7 4@ A A Holrt T3]
HollS A=E HE 15 134 FFATH JHFEe A3MA A
MEEA AL AN F 4FE dAstden, 4385 F7HY Hae

AABA ekgke
) el
Aol AFF Hole Fulsh BANtE FFIHALH, olse AFY P4
B2l A A8 oA skolgleh
) 2AYE

nEel e 4Y AAAS F2A A%, AFL 54 BAsAen, ol
zge InmAx A 4 g AUAE, FAZFE 0174 A 5 Jx DA
ANA LS AEATE BERL AR AAA Aol AY FRA AZD
AASE W e BEgm JEIch QAL 5 198D 43 % (1967)
of Wyl ofa TeEL, YMAREE M F 1989)9) WS wo,
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@ BAAE

A5 A3 SPSS for Window (SPSS Inc., 2003) program©. 2 ANOVA-testE
A A18ked Duncan’s multiple range test (Duncan, 1955)& H#3te] folAde AA
39T

W 2% ¢ 1@
D 4% 2 ddze

ASAE AAAA AR HFE 2L 735+£3.2mm oled, AASAE FEA
Ho] Fo| FH WE AE o] AL Table 307 2ot e Hgdge
tAlol FolFoll A HF 87.7+£84mm E 7 A JEhgi, HA4RL 9
FolollA B 85.2+7.2mm=E b @itk &, m9 Folitet I FolF
oA AEZre] AAE fFott Fo] ofU oy, tAlnt Foltehe fod
AAAE Hole Ao EAHAY a8a 2o 8-S 33 FolTllA
0.098mm/day 2 7} wtor, tAjul Fo|FolA 0.118mm/dayE 7} =4
UEelgth ol9} 2o ARe HAE 4% 43 Oﬂ Aol rAle} > vl > Fu) ¢
Holg-&& uigttt Ak &, I Ay AE g A Ao tAlnt
BoteE 47 ARE AFEES 5’_%19_4, 193 A FYd AFELES
Hole Ao Yeht 9% HE FAE 9 Holz tArhg vY ) vud
) A3 HRARA HolE &S Zv ALR HHU

ASAE AN ABe] HF BAE 49.2+31g oL, AHSAE ZTEA Hol
Fol /) W& AE FAo] WslE= Table 313 2l AF AR AFFL
Z5olA 153-160% o)/l BAEE Rtk A@TF AFY A 44 tAvt
FolFelA 785+4.3g2 M %A, 5]/'\ Ae F31 FolF-ollA 75.4+5.6g2
otk Ho| Fo| FHe wet AE FA FUte AolE BRAEH e
Z17ge] Agaret L3 °%P_.i OAlat > Al > 33 o)tk dF o AL
0.21-0.24g2 2 ®o} Fo] FFo| whel AolE Yehlth AFe] Uzt A% gAlvt
oA 0.24go 2 WY Fol7+ & &3 FolT Brt Foi & Aew Ueto,
)93 Fule Folgh Zo] glo] vlidt U3t S Hols Aoz BAFIT

=]
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Table 30. Growth of Haliotis discus hannai in their shell length at the fed
different diets for 120 days'

Inital shell length  Final shell length  Daily increment in shell length

Test groups (mm) (mm) (mm)
Ecklonia stolonifera 73.5+3.4° 85.247.2° 0.098°
Laminaria japonica 735+2.7° 87.7+8.4 0.118°
Undaria pinnatifida 73.5+3.2° 86.1+6.9° 0.105°

'All values (mean = standard deviation of two replications) in the same column not
sharing a common superscript are significantly different P<0.05.

Table 31. Growth of Haliotis discus hannai in their body weight at the fed
different diets for 120 days'

Test groups Inital wt. Final wi. Weight gain® Daily increment in body weight
@ () %) ®
Ecklonia stolonifera  49.2+3.1°  754+56a  153.25+7.6" 0.21°
Laminaria japonica  49.2+35"  785+43b  159.55+6.8" 0.24°
Undaria pinnatifida  49.2+2.8*  76.2+38a  154.87+5.1° 0.22°

'All values (mean+standard deviation of two replications) in the same column not

sharing a common superscript are significantly different P<0.05.
%final weight-initial weight) x 100.

@ A% 2 AIANTE

AN5AE F8A 7 P78 A2 YESE Table 329 2ok A
AE&L dAnt FolFoA 982+£31%E 7P wokow, uiy FolFelA
96.5+2.9%=% 7} e =S JeERRIth 1311,} 7} Wo) Fo] ZEW AFF
o] AEEL AT AolE UHEHUA F& Zloz BAHIOH, oEY Uzt
AbbE w3 0.015-0.023%E Hol Fol %—%Hg 28] 9ol ,m zpol=

rlo
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wolx) ekgkth. TEln 7 AYTE AEEE 97% ooz HA ety ol
Aol AH8F AR )7} Ae) Z Ao B UF AE 2 sojo] g
Hgelo] o 4 Al ol2A ¢r] MRS Ao BB

Table 32. Survival rates of Haliotis discus hannai at the fed different diets for

120 days'
Test orouDS Inital survival rate  Final survival rate Daily death rate
grotp %) %) %)
Eckionia stolonifera 100* 97.5+1.8° 0.021*
Laminaria japonica 100° 98.2+3.1° 0.015°
Undaria pinnatifida 100° 96.5+2.9% 0.023°

Al values (mean =+ standard deviation of two replications) in the same column not
sharing a common supersctipt are significantly different P<0.05.
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F 33 s/ FE AAF (2007, M/T)

= Ak s el FA oY
718t A2F 1,288 565
7 (Porphyra) 24 210,956
A7 (Gracilaria) 69 45
Alvt Laminaria) 28 250,049
¥R (Pachymeniopsis) 446 -
FAY (Sargassum) 13- 490
vl (Undaria) 6,384 309,097
27V (Gelidium) 2,859 -
E7W Ve (Gloiopeltis) 289 -
% (Hizikia) 2,672 20,909
gley (Enteromorpha) 167 684
Izt (Codium) 3,950 158

53 18,189 792,953

34 Ml iR AP dxdE ofdd 8% (2007, ha)

< A W Z
7 et 46 584
vl (Undaira) 455 5,308
OAul (Laminaria) 514 6,816
st&} (Enteromorpha) 69 2,604
SRV (Gelidium) 0 0
% (Hizikia) 356 4,852
| FR Meristotheca) 0 0
B2 (Sargassum) 37 347
7} (Porphyra) 948 55,672

Z 2,425 76,183
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IR, 5 % k() | B4 @Y

= A 30,000
./;:

A B aE 10005 30,000 30,000

A AdH] 1,000 5,000 5,000

ZgH| 500kg 3,000 1,500

g | B wuAaw - 730,000 730

% 712w - 500,000 500

Ao s L - 500,000 500

Bl TR - 300,000 300

Al & A 8,800

A7 e v 10,000

Z A 18,800

FAEEFY-F 90 21,200

2ES(F25+25Y x 100 10.67%

EARE(EFY-B ) 11,200

o] AL (EFAE+ZFW X 100 37.33%
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2
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ESh) 1,000% 5,000 5,000

zmy| 500kg 3,000 1,500

B | R A - 730,000 730

A 27 Az - 500,000 500

B | | 9Ty - 500,000 500

H) G 558 - 300,000 300

2 A 8,800

2} 7} = 2 H] 0

Z A 8,800

225 EFY-2949) 21,200

A25L (325 e x 100 70.66%

£25 (2FY-44H) 21,200

oldg (£25 Q) x 100 70.66%
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Hou) &5 1.0000
74 gl 0.2933
Al 0.1666
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R =1 0.0100
TAhE 0.7066
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Fas 0.3733
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3 39. &9 oFA A AAA £4 (20t /ha)

H = T F @t () A (HD

= A 66,060 | 4,960%*
a | anzs 24800kg | 2700% | 200%* | 66,960* | 4,960%*

A3 20% (o) 50,000 1,000

= 5] 20E (o) 30,000 600

2| moaam - 600,000 600

Al | g - 500,000 500

Ay | gy - 500,000 500

. S e - 300,000 300

2 A 3,500

A7 = H] 1,000

% A 4,500
F45 (259-79) 63460* | 1460%*
2EE GAS+25X10 94.77%* | 29.43%*
£2E @5FY-A) 62460* |  460%
ololg (a5 +249)x100 93.27%* | 9.27%*

*% z.]
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£ 40. 39 4 AR AAY BY (@hedn A9)

W = % | W@ | 29 @

z 7 66,960

a | @nas 24,800kg 2,700% 66,960

NEE 205 () 50,000 1,000

Zgu) 205 (o) 30,000 600

CRRIE X ARSI - 600,000 600

S I T o P SR - 500,000 500

& |y | egugw - 500,000 500

. Bl g - 300,000 300

2 A 3,500

27} ) 0

= A 3,500

a5 EFY-29v 63,460

LSS (BAE-259) x 100 94.77%

TAEE (EFY-A4) 63,460

oleg (FEaE+249) X 100 94.77%

« A% B W

3 412 F9) oFA A4kl g ZF ARHEL HlEE YeRd F53 YA
olth T3 py Aol 1 EE MET AAHE AL AbwEuA
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£ 41 33 FHoigle] BHY &AL
(&9 - %
g = g o
LBV P 1.0000
734 0.0522
PABSES) 0.0149
Z 4y 0.0086
LR PARS I 0.0086 -
PA N TA S]] 0.0074
X R I 0.0074
Hulj4Sa 0.0044
EAE 0.9477
A7} =g ) 0.0149
= 0.9327
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T g FH AvE FIE  J' OF AFY AE ==
840 digt TR T& Tt AEZH 4anE fFRord Aot 181
AEFH 1427 BFHIL Y AEHo] FFE AT tidE A"
el I sttt
(2 =1 AT vy 2o G uAF FI4 v

FE 433 FEOVERYH AE v ¢4 A ofd 20th/ha ¥ 7189
EAANME Uebd Aotk w4 A4t oo FAGFE ol
AEE 4 ARHAFY Hoahs AASAT T83 ARFAE Art=gelE
ZTPAZ EAALMAE AANTLEA F 399 F7 ¢ A AALFH HY
&2l Aike] AAANE AH vlwsATh B 3994 B vlel go] Fm ok
Aake] HAz7eEnE vl o) 149%20 1,0003 90 @3t 18 BE ok
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B9 PN haP 2009 ABUE BYHE BIFFHFAE 66,9608 K0T
AN E W gol EIA A9 BRIFHYLNEL 135008 Aol
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st 2w A= HAA 9
AAH BE 49H 418 M Ao gt

v = F 7 @7t (9 a9 (Hd

% A 5,600

=

qd | gaxs 28,000kg 200 5,600
SER 205 () 45,000 900

zry 205 (o) 20,000 400

73 B x| A ] - 600,000 600

Al g | sk - 54,000 54
A | w | egugw - 320,000 320
1) BoljssE - 30,000 30
| 1,504

A7 1,000

% A 2,504

F25 (E5Y-2GH | 4,096
25§ (EFAS 25100 73.14%
A5 (Y- 3,096
ol (Fa5+2FY*100 55.28%
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3F 45 599 F14, HlER B Ao)d

S T A mg/100g (AF =)
Ca 3,200
P 250
Fe 35
Na 2,300
adhA
K 790
Mg 530
n 11
Cu 0.17
Mn 0.23
Bl 0.1
Niacin 2.3
By 0.26
B 0.001
HlEgql
Carotin 2.7
E 0.6
K 0.26
Bs 0.02
Ascorbic acid 0.1
B84
2 o] A& 48,000
FE4

20 Fr|9F e F 45004 BE upe}l o] o] dheko] 3.200mg/100g

(AZPoz v Eom, HetNel glofAE carotin, nicin®] ol 27

o

2.7mg/100g (AF=), 2.3 mg/l00g (BFHL 2 =} 18i Aoldfe B8

g4 FEo| 48.0%2 FRAE thRES AAA
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® 46, 39| olu|4t

5 W mg/100g (AZF=)

Isoleucine (lle) 434
Leucine (Leu) 753
Lysine (Lys) 636
Methionine (Met) 312
Cystine (Cys) 157
Phebylalanine (Phe) 524
Tyrosine (Tyr) 352
Threonine (Thr) 580
Tryptophan (Trp) 175
Valine (Val) 522
Histidine (His) 165
Arginine (Arg) 443
Alanine (Ala) 1,303
Aspartic acid (Asp) 987
Glutamic acid (Glu) 2,447
Glycine (Gly) 633
Proline (Pro) 351
Serine (Ser) 516
Taurine (Tau) 0

Total 11,290
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