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Cultivation technique development of red algal

Campylaephora hypnaeoides
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SUMMARY

I. Title

Cultivation technique development of red algal Campylaephora hypnaeoides

II. Object and Significance

1. Objective

The objective of this study was to develop new cultivation technology for economic
seaweed, Campylaephora hypnaeoides, in order to increase net income of fisheries man

by diverse seaweed cultivation.

2. Significance

In present, seaweed cultivation has many problems because of overproduction,
decreasing domestic consumption and export, deteriorated quality of few seaweeds
such as Undaria pinnatifida and Porphyra spp. To solve these problems and to
prepare for the WTO forced, open market, it is necessary that we develop
improved cultivation techniques on highly valuable species. Campylaephora
hypnaeoides is a species trying to develop cultivation techniques in Japan and it is
not cultivated in Korea. The price of C. hypnaeoides is very high about
500%/kg(fluctuating from 20$ to 200$) and japanese company, "Maruhichi" wants to
import all production of C. hypnaeoides cultivated. Thus, it is very good candidate

seaweed in order to increase net income of fisherman.

II. The contents of the study

1. Biological study

Biological  studies on C.  hypnaeoides = were  carried out for its
morphology(tetrasporophyte, female and male gametophytes, carposporophytes) to

determine taxonomic position and distribution. Also, macroalgal flora was also
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examined on the rocky shore where, C. hypnaeoides was found. Physiological
features of C. hypnaeoides were examined with tetraspores and carpospores in
laboratory culture. Their development pattern and life history have been
investigated and the effects of sediment and seawater movement on the growth of
spores were also examined. Phenological studies such as growth and reproduction

were examined for the field populations of C. hypnaeoides.

2. Artificial seeding

From C. hypnaeoides carposporophytes, spores releases were induced with various
methods(lighting, photoperiod, dry and wetting, temperature, tap water) to
determine what method is the best to get enough spores for cultivation seedlings.
Spore settlement was also examined to know the best seeding substrata with oyster,
seeding line and plastic plate. To decide the proper artificial seeding method using
adult plant, two methods (putting C. hypnaeoides in rope with Hizikia, putting C.

hypnaeoides into twisted rope).

3. Field study for mass cultivation

C. hypnaeoides were cultivated at three depths (surface, Im and 3m) to find out
optimal cultivation depth. The yields of C. hypnaeoides were also measured for the
two artificial seeding methods. Furthermore, environmental conditions such as

temperature, salinity were measured.

4. Superior strain development
Strains of C. hypnaeoides collected from natural habitats were examined. The
thickness and strengths of plants and genetic difference between populations using

Rheometer and rbcL. analyses were measured.

5. Economic analysis of seaweed cultivation and useful components

This study aimed to suggest the schemes to improve the business of the

..11..



Campylaephora hypnaeoides cultivation. We examined the present state of the output
and distribution in the Campylaephora hypnaeoides and analyze its business
characteristics. Also, its components such as carbohydrate, lipid, protein and

minerals were analysed.

IV. Results

1. Basic biological study of Campylaephora hypnaeoides

The distribution of C. hypnaeoides was newly confirmed at Guryeongpo, Yeoyeondo,
Jangheung, Goheung, Wando. A total of 110 species (14 green, 24 brown, 72 red)
were identified at Jeongjado, Jangheung, where C. hypnaeoides was found. Optimal

growth conditions were at 24h daylength, 20ymolm?s™

and 25C for carpospores
and at 24h, 4Oumolm'2s'1, 20C and 35% for tetraspores. Sediment and seawater
movement also affected the survival and growth of C. hypnaeoides at early stage.

In phenological study, female plants were frequently found in November and
the proportion of female gamentophytes was gradually declined. Tetrasporphytes
increased from January and was peak in June and all plants of C. hypnaeoides
disappeared in July. The growth of C. hypnaeoides 8.51-13.96cm in length and it was
minimal in January and maximal in June 2006. The number of hook in C.
hypnaeoides was between 3.90-18.27 individuals and it was maximal in December
and minimal in May, 2007. Transplanted C. hypnaeoides ranged from 7.26cm to
11.95cm in length with peak in January 2008 and with minimal in May 2008. The
weight of C. hypnaeoides was between 21.63-76.40mg and similar growth pattern was
found as in length. The length of C. hypnaeoides transplanted to Haenam from
Wando was from 820cm in February to 11.24cm in May. The hook number of
plants was between 2.27-16.07 individuals with maximal in February, 2006. Plants

grew from 23.47mg to 113.37mg in 2007.

_12._



2. Artificial seeding

Among various methods to release the spores of C. hypnaeoides, lighting after
darkness was best method. Also, spore liberation of C. hypnaeoides increased with
increasing daylength. For example, 72 spores were found in 8h daylength and 83
spores in 24h daylength, constant light. The number of spores released varied from
3-19 spores at 10C and 55-75 spores at 15C and 39-67 spores at 20T and
generally it was increased at lower irradiance as tested at 10, 20, 40ymolm™s™.
Therefore, the optimal temperature for spore release of C. hypnaeoides was 15C and
10ymolm™s™.  Campylaephora hypnaeoides spores well attached on the artificial
substrata such as oyster, seeding line and plastic plate. However, they were
cultivated for 1 month in a indoor tank, germling survival was maximal at seedling
line. In the field artificial seeding using adult plant, the method putting C.
hypnaeoides in rope with Hizikin was very good in the growth of C. hypnaeoides but
it was detached from rope as Hizikia grown up. However, putting C. hypnaeoides
into twisted rope was very good in growth and yield because it can harvest only

C. hypnaeoides plants.

3. Field study for mass cultivation

Seedling lines with attachment of C. hypnaeoides spores were transplanted into 1m
and 3m in depth. Survival rate of settled spores was 70.45% at control treatment
that kept indoor tank, 34.25% at 1m and 52.33% at 3m in depth. The growth of
germlings of C. hypnaeoides was better 6.43cm in length at Im than at 3m with
424cm. The length of germlings was 2-3cm at control. Thus, transplantation of
seedling line should be at 3m from surface seawater as considering survival rate
and growth. The yield of surface seawater was greater than at Im and 3m in
depth. Average yields of C. hypnaeoides were 1.12-1.79g/cm rope at surface area,
0.55-1.13g at 1Im and 0.24-1.03g/cm rope at 3m. Maximal yeild was found in March
2008 and declined after then. The yield of C. hypnaeoides was maximal in April

(1.63g/cm) and decreased as 1.18g/cm rope of Hizikian cultivation rope that

_13_



established at the surface area of Bogildo, Wando.

In the field, putting C. hypnaeoides with Hizikia into cultivation rope showed
high production ranging from 0.63g to 1.63g/cm but it rapidly decreased as Hizika
grew up and detached from cultivation rope. The method that inserting C.
hypnaeoides only into cultivation rope was not so good in production because the
yield was between 0.52-0.63g/cm. In case of Porphyra cultivation net, it was good
firstly but C. hypnaeoides production was declined after it gained weight. On the
basis of these results, new cultivation net was made using russel net and inserted
C. hypnaeoides. During the cultivation period, the production of C. hypnaeoides on
russel cultivation rope was between 1.14g in March, 1.63g in April and 1.81g/cm
rope in May, 2008.

Seawater temperature was between 8-18C in the cultivation area of C.
hypnaeoides and it was minimal in February. Dissolved oxygen ranged from 8.80 to

993 ppm.

4. Superior strain development

Strains of C. hypnaeoides collected from natural habitats such as Jangheung, Wando
and Pusan, were examined the thickness and strengths of plants and genetic
difference between populations using Rheometer and rbcL analyses. Most features of
C. hypnaeoides was very similar but Wando plants were more thicker and showed
regularly branched pattern than the others. Variants of rbcL genetic was between
0-0.14% and Jangheung samples differed about 2bp compared to other specimens.
The strength of C. hypnaeoides was between 53-94kg and old tetrasporophytes was

stronger than carposporophytes.

5. Economic analysis of seaweed cultivation and useful components
Present state of Campylaephora hypnaeoides was examined. C. hypnaeoides is well
known as food stuffs in Japan but Korean do not eat yet because of low

production and unknown cooking methods. In field cultivation of C. hypnaeoides, its
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production was about 15.46kg/ldae and it can harvest 3-4 times because the
species can attach to net or substrata with hook. Thus, it would be collected 3
times per year, so the expected production of Campylaephora hypnaeoides was about
46.38kg/1dae per year. In Japan, the price of C. hypnaeoides, is about 50 $/kg and
Japanese company wants to buy C. hypnaeoides samples. Thus, it is possible to
cultivate the algal species but we need to develop various food items in Korea to
consume it ourselves.

On the basis of analyses of C. hypnaeoides plants, it includes 42.38g of
carbohydrate and 25.87g of protein per 100g in dry weight. Also, various minerals
were very rich as 8117.25mg in K and 1,001.28mg in magnesium. The useful amino
acid components such as gulutamic and taurin acids were also high as 4.309mg and

3.162mg, respectively.

V. Suggestion for the application of this study

The cultivation techniques of C. hypnaeoides were developed from this study. Now,
we have to provide the techniques to fisherman to give more net income and
develop various food items based on Japanese recipes. Also, the extracts of C.
hypnaeoides plants showed antibacterial, antioxidant and anti-inflammatory activities.
Thus, we can make various functional foods for health like drinking items and test

as medicine materials.
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A4 dNd ExEEE ¢ @4
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gL i<
1L A7d g e 2 Ex &

2. BEEoR 7)o

=3
A3 A kR, P P FA

1L a7Ad g8 a2 B2 2

2. AAERY 7)o

Al4d A58 57 FHES

b
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:é,

1L A7 he 2% 2 2% @

2 ARl Vdx @ Ay
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S$-gvgte] HE-L 337 (sulphate)?} 4.43% 2 A 7)(Gracilaria verrucosa)e] 4}
F42(6.67%) RTh Bu S E(3169%), X H(0.53%), EHESE(5637%)9] ko] ol
AEoz ML AXH A A Fxr} 1230g/cm’(15% FHA) FAGE 18%)S

e 5 o] F23) IHYEE 84 JheAo] IS xS vl o
_—] o)

AEL YA ZEEC deFd 29=F 042%E FHId O
ZTEF HlE FFo] xI(Saenko et al, 1978), {HEE SHoE O¥F HIHE F§

HaAd diddd O157¢ Zde oA AFE F sder, AFY dHEgd

Folglou, Aol AFLPe] F7h2 A, Wsliere] AkolAE AFol AR A w
FEF RAT T 2o s AN AFNGAAD wAHY] oG] WP
AEFo AEHE ool dth Ed, #8F BAL TF FRD FRoMcl

AFFLEAN WFEFY 7IEo] JEEnd, dor Ix dxFo ALY T
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A2 e ZeriE 948 B Aerled R

X B (Campylaephora  hypnaeoides)& A5 Ho 2 ARZZZ}, HIGEE, ndE3}d)
&38tn](Okamura, 1927; Itono, 1981), %=, A& % Fx Ao I3
FHolrole] TH-F(endemic species)O A THo U5, 4L, AEFY, 9JIF,

e, AE
v AE WA, 223 FE T tdd xR AMEEHE d|EFo|th(Itono, 1981).
AE A7 TFH 4w FFH Ja BN g2 EEHE
A 5o B AH(Notoya, 1979) 2 ko] #3F 7123l AF(Kirihara et al, 1990)7}
FREeH, ARAE FH7IEe] AEE A ATV AFFHoZ o]Fojxn
Aok B A= g HHEA ol H5Y FHEFe FEY ¥WEFo] Bob (1994d-
776, 19979-46E) A=  spAo]  15001F/kg(1994d)o A 1997 o =
22091 /kge 2 FA3] Friste] dBoME HFo FATVeS JNEst
400 7HA] Aibste AAE Ay
2V w A, AEAA, AHREAA Y AN wHE S
EAE JHAE FeZ JeEhged(Notoya, 1979), 0] 5ol A
FAel tidel He AL oAFd d¥eE He AREIAARZ A fSot
(Kirihara et al, 1990). 8}A|%h, +&7]d] BT o]fRlo] B2 A7 FAHA
200220033 2 wEE  FdAFgezr FAW (Im x  1m)oA  2.0-

£

@A

4% YA

Zj
Polysiphonia® ¢ A}

¢

BlkgEFHE FHT F YUk HAW, AAAAE FABe AP T @
gAYl =& e Aeolck

oA AEd B AFe GA XY Ao dFoF MEF S
H2X 5 (Campylaephora  crassa)3}  5(C. hypnaeoides)®] 2Fo] EdFE &

ZISHAL ol e AnS HHYstY 259 EEXE #lstq & F Sl
A5 F(genus)oll #F A7+ #L AFY EFFFH Ad7(Boo, 1992, Park et al,
1993), AEAL A7 Fol FAstd HUAS ¥, AFd # AF= AY FIHA
29ttt Boo9l Yoshida(1991)e= A& o #3 EFSHH dFdA #FL HELS
augel 72, FAL WEF 2 ExY R Ak M FrABe
HigEARe] 45 o &t AFe] 23 Zudd 77 ke FdA A5

JWJ

e,



FHdgn . AW, oHd P FojHe

e 44 9ol Bm
9% &3t OB WEE o Hx2F IR AE Bopd td

[+

ot

AzHA A4 8 S8 A5 ANE RAHT A AW, FAF 4,
Fage] 27) 2 FHY T4 S B AT NFS AU AR HF
FH71EL FHE Ho] 9A &

=9, @] FEF o] AN BAEY ® FAFAAE A ch
Hgo] ¥ P23 Fol Histel R A2 dolmt 4 4z AFHx
lov, 111299 A4 el ARs A5 Aoz FAHM, YAFE T
B AL BAY 7 ol BT AAeNN HFe] F 154 L FEYe] 3R
Aoz MEEY wEd, odd Are ¥ wEom FHu AT YUY
FHo] DY wHSE JTHUY, QR Hd B =FAoT T ARG
BIE 5 e ASE ArEd

A 4R UFBLE AT FArEe] ALTE FFFoE kg

107HY ©]/(23,0008 ~ 150,000 /kg, AdF WE 714 W)Y L HFe=

AR Maruhichi 3Ate] w7t 7hestaz 7pddrte Hls] F9¢] €%

& A2 E AlsHEH, 54 AFY giFANSE A% FAVes Ade oot

AEJAHELAS 7HAD e e duAE ZAE FUsA 23t AR

23 BEAHE Fdste v ARRZAE 2 HA ggZo s 374

Rolnj, e YFEE AMEHY] o A AP wdo] g8 Ao
x

AEFHH o]l ASo] F/MHOEN FAYe EVE & Ao A"

d
g
2

r
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A3 ATNEs We 2 A

xﬂ 1 A 34 AdE9 /Kggﬁ]-}@ e

1 @54 59 A4 8 Aesty Ay

FEut @l MAske F2F 459 EFSH A7 ofdd d7E AEH $Y9
FAAE dokaln A8 Ak AR BE, dz4 2 THTER FARE ¥
o359 dalA setste A BHoz B A7 $£YHAG EF, 480 F4 R

A H5L 71d Soldol e, e MHshs M5 BFHEA s AL FUdto

I

7. A% ollAATe) 54 2 2
1) Az 2y
B a7e AR 45 Ay ¢EF B

e
A
8
o
2
4o
ﬁa‘

S(genus)e ATACE AHTEY, NVEE, NBES] Sakn A AAHoE
3% 7¥ZFo] 7ZIAHo] vt (Nakamura, 1965; Noda, 1974; Itono, 1981). A5 )
Wol7h theFsta Aol 30emolUl2 Fow ABAE 2374Y ohfjd) $do] 15
ZFolth B £ (1) 9% &o] THA MEA ZAET, (2 e FA dudolg
T, (3) DRIt REFHZ TR R Ho] RAsH, @) HAE F2 e, (5)
Zze] Aol AtE A A 2dEHA vldE(Ceramium) oA B AT
(Hommersand, 1963; Itono, 1977).

A Sevte Aol M8 &o) FLAR(C cuss)T AT 2Fo] A4l
E Aoz d4EA gon, 4B wahuld Bolq F2 wAstn AYste vlE 24
o2 B7)8te] 1020 cm9] Zol2 AR}, UFole BFHAsiA wo] BIRoq 1
o)d ZmE Bow ZI;E HEom wxw slxd YAN = Fojze AN

¢

_3“_



o =459 F7= of Immoli E7HSHA AFer BErgd. 71Ae £ Zae

mofo] g Aol FLNEF PUHE A 2 SHolth AREALL A9 HF

) 4B sy BERA
Aol WE 4% REERAE A8 AF, oY, RARAY EAdA 2z A =y
25390 2 270 AAC] AH AR BE o3E HAsgen, d2e £ 2 mAw

ZRE AFEY AAXHAQA e FAEAA 20074 7, 1087} 2008 2, 5€9
A 2 A4 AFRHANY AEF FHe AT AFARE W0em x 10emZ T-3€
WAFE0cm x 50cm)E 2+ AR =3W AR, FF, 8 2 2sH(EAR) w1
FET Uil 2dste 27 WE 2 AxE AN oFgd 7153 & &

A AP zsh) AP scuba thoHo] o3 FHFHUG xR F
sfetaly] sl zAbigel M BE Sx2RE FA AFSHD AR
ARoNA x2gd-a %°“(5—10%) o8 ARPNA AFHARZ eug & AWBE A
TR, £8F 55 2 FHL Lee and Kang(2002)o] uw}sko}.

A% AFE dAxFe 3 FFE AFHY 2y 2 ESES AAST,

sskon YEFE @9 AHY@’

2
>
S
Py
[y
O
=
Yo
X
i
olft
ol
2
1o
N
de
it n:1>
-0,
o
tlo
rd
X
fu
£
do
0
)
ofl
K
e
=
i
o
i
=

MEE A4 2AL ST SOl WE o Fo 28 WET 5o W TaAT A
= By Fo V= WEeE, Ay NEs

BT A 3BT NE Pol B UY B A= MR TIUT 2AEe

$RFE Lokl & It FLEE AR FuuEe] 4& FFo AU
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Z2F 15%(2143%), TXF 48F(6857%)0|Pom, Boe =zBIL 7E(9.59%),
ZZF 20FQ877%), FTZRF 45F6164%) etk AdE 2PFSFE €8
FoE HAUIdon, 7HEdd 66322 HAR YEHeY FXFI AF 60%0]4S
A st HAAE Rbsfiete] R4S tiREE EFT Yol FAEHAG

% 1 AdE FRAE Mysle dzxF E=

43 45 7V A& o
Chlorophyta (XZ#)
Monostroma nitidum (F&3}+e)]) + + + +
Enteromorpha compressa (‘& 2+3}2)) + +
E. intestinalis (G+=}5}2)) + +
E. linza (4 54) + + + +
E. prolifera (7}A]3}+)) +
Ulva pertusa (74432) + + + +
U. conglobata (22 3}=)) + +
Cladophora albida (% thvit)g) + +
Chaetomorpha sp. (F4%) +
Bryopsis plumosa (ZE %) + +
Bryopsis sp. (A E%#F) +
Codium adhaerens (%7 7}) + +
C. divaricatum (%37} +
C. fragile (32}) + +
Phaeophyta (Z%%)
Papenfussiella kuromo (359 ) + +
Ishige okamurae (3) +
L sinicola (59) + +
Leathesia difformis (¥}953) + +
Colpomenia sinuosa (£#7]%) + + +
Scytosiphon lomentaria (32 1}) + +
Moyelophycus simplex (B}91549) + + +
Sphacelaria divaricata (‘FSA&E) + + + +
Desmarestia ligulata (Z2F%) + + +
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e

Undaria pinnatifida (79)

Ecklonia cava (7))

Laminaria japonica (FFA)m})
Dictyopteris divaricata (7)3Z# ) 15 %)
D. undulata (F5W ) 1ED)

Dilophus okamurae (7)1Eu}5%)

Spatoglossum pacificum (G742 2Evled)

Sargassum fusiformis (%)

S. fulvellum (EA}uk)

S. horneri (FJ A o] ZA}Rh)
micracanthum (Zr7FA] R A
coreanum (- ZAH)
siliquastrum (=8} 7] 24t
thunbergii (A %°l)

Sargassum sp. (ZAEHR)

Rhodophyta (Z#%5F)

Stylonema alsidii (v}t g)

Bangia gloiopeltidicola (87 5+#))
Porphyra yezoensis (C3AFEH )
Nemalion vermiculare (G=5E)
Galaxaura falcata (9@ 7<)
Pterocldiella capillacea (Z\3-5)
Gelidium amansii (-Z7MAH)

G divaricatum (o)7]$%-%7HAH)
Lithophyllum okamurae (Z52)
Lithothamnion cystocarpioideum (‘&3}78)
Amphiroa beauvoisii (L& vit] Al¥)
Amphiroa anceps (5172
Cordllina officinalis CG&AFS %)

C pilulifera (Z&F<43%)

Jania adhaerens (9 ©] o) 7] 25 %)

._36_



FH
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pr

Marginisporum aberrans (3 AE3)
M. crassissima (EHALS)
Carpopeltis dffinis (7}2H4)
Sinkoraena lancifolia (B o}&])
Grateloupia filicina (A o}#])

G. prolongata (F4A*o}&)

G. sparsa (FA o)

G. turuturu (W}E =] Fo}])

G. acuminata (XFoFgALE)

G. elliptica (F=4)

Pachymeniopsis lanceolata (7} =4})
Gloiopeltis complanata (}7]Z7}A}8])
G furcata (B%5E7141H8])

G. tenax (FrE7FALE])

Callophyllis adhaerens (F25&9)
C. japonica (R&ELY)

Cruoriopsis japonica (L5 %)
Caulacanthus okamurae (o1717F N EE)
Plocamium telfairiae (Z3<0))
Plocamium sp.

Hypnea charoides (7} $-5-
Gracilaria textorii (QZX]#7])
Ahnfeltiopsis flabelliformis ($-37)
Chondrus ocellatus (Z53)

Chondracanthus tenellus (7}A+e))

Chondracanthus intermedia (o) 71E7}A+4])

Chrysymenia wrightii ((v&32 o))
Lomentaria catenata (7}T] 2% 0])
L .hakodatensis (¢} 7]n}t] Z&E0])
Champia parvula (ZFAVEE)
Antithamnion nipponicum (G470 %)

Campylaephora hypnaeoides (A5)

+




%14

pr

ki

A

Ceramium japonicum (W @-EALE)

C. boydenii ($4})

C. tenerrimum (83| &E)

Griffithsia japonica (98] &&= o))
Microcladia elegans (F) 2228 t]o})
Acrosorium polyneurum (5% )
A. venulosum (418 E%)

A. yendoi (‘F2%3%Y)
Erythtoglossum minimum (ZvHEL23)
Phycodrys fimbriata (8}tF3521)
Dasya villosa (294 1&E)
Heterosiphonia japonica (S17}A) &)

H. pulchra (8 Q7R &)

Digenea simplex (3)S1%)

Chondria crassicaulis (7}%42)
Laurencia hamata (Z32]44)

L. intermedia (B-244)

L. okamurae (P%o]A )

L. pinnata (AEX3)

Leveillea jungermannioides (9+2Eh))

Neorhodomela aculeata (M%7v7 % o))
Polysiphonia japonica (B71UFEZ A E
1jo})

P. morrowii (R2$5H524)

=2
Polysiphonia sp. (24 %)

Symphyocladia latiuscula (Z+3. 2497

Spermatophyta(d 33 &)
Phyllospadix iwatensis (‘2#3])

g A

81

66

71

74
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NE2F 28T FoE(importance value)g 7]FE22 F2 ITot EHS Hols F
AFo R HAHs= Aol HATOoZ(Barbour et al. 1987, Koh 1990), T892 X
A BEXE &2 AFoA 2dZdgd 9 AFojden, SHAA=
z3dvget FHEdgdrt sRdAe FX7MES FHEgEr 36y
LEIVZ B H9FFE AAERY HFTLS FHZAZIHN(1439RL

TTHTS a9, £ F7MAE S AFolAdT heE 20Y AR $3HFL
W77 HEoIR e, THAX= AAA], M E FF2FEtEHo] FLFOER
FAFGAT. 7HE 23d dutddA $3FL FA2Fedagolda E93FTLS
MAAT fZI7MAEECIATHE 2). 0 AFRAdAE ALl T2 H g A Fo
WAL SHAAE AFolg Rol, oM e FA=vst FL4AdR7E AR
ALE $HFL AFIQL 94T S & A7E/HHES FE2gd AT BH
2 AReAe EZREY FEERErt FaFo|den, FHRAMNE X
M E Frurst JFEo] 35T B A% dMERFe FLEV 21.13¢

e} eTEaEde] FANE FIRH

tlo

\l
—_

M
L
32
]
My
N
>,
SCA
—Ls

= X7 gkl MystE AZFY 9¥T AEHET P 125427g/m’Qx
AR AEFHL 819.62-1516.71g/m’ 24 7120 AP B HHd)
23 PEFS 1274.75g/m’2A £(330.58g/m’)F 7 25} e)(263.85g/ m’) 7}
AA AEF 4663%S AAsgon x99 MEFL 385.82-2363.83g/m’= Z7H)
AR HaGm RN HoAoh 712 BF AEFL 819.62g/m o eH
A Z0](340.59g/m%)7}  HA  AEF] 4155%2 AANGTL FY9dW AMEF
756.29-92751g/m’ 2 dlRojA HAoln FRA HUPYTHY 6). ALA NEF
1,406.00g/m’2 X% 0](616.89g/m*) s} o /| E71A}E](23649g/m) 7t A A B
60.70%E A e FaZolgdrh ALH =B MEFL 711.76-2059.59g/m* =
SuAd Hagy FRAN AGQc.  BAY AR 15671g/migov,
£(623.58g/m’)o] AA AEF] 4114%S AASFE $HZoIUT. ZUW HEFL

o <

flo

_39_






F 2 A= AHE sxFe Nx, dx, Aol

wet wt./m’)e] HE <

A2 % 9 i de  Adguis Ad¥s F2% AEL(g/md)
Ty Zk s 21.33 6.33 14.88 13.89 14.39 263.85
LSR=td i 16.44 5.31 11.47 11.65 11.56 56.93
= 10.67 477 7.44 10.46 8.95 330.58
27 8.44 5.47 5.89 12.00 8.95 39.12
A %ol 14.22 3.52 9.92 7.72 8.82 24458

S = P R DA ) 11.11 1.75 7.75 3.84 5.79 15.56
v-$l+=4 8.89 2.38 6.20 5.21 5.71 28.65
B Z7MALE 8.44 2.17 5.89 A5 5.32 390
ZeFEA s T 6.22 2.63 4.34 5.76 5.05 091
7] €} 37.56 11.27 26.20 24.72 25.46 290.65
Total 14333 4560 100.00 100.00  100.00 127475
AepEAse 3111 1559 18.03 2727 22.65 115.20
A2 34.22 8.57 19.83 14.99 17.41 79.64
N7 7HA E E 19.56 10.00 11.33 17.50 14.41 21.05

e A %] 16.00 3.40 9.27 5.94 7.61 340.59
T2 7HAHE 13.33 392 773 6.87 7.30 45.85
% 12.44 1.65 7.21 2.88 5.05 11.73
7V ek 45.89 14.04 26.59 2457 2558 137.04
Total 17256 5717 100.00 100.00  100.00 546.41
A &l 1156  24.89 21.28 14.11 17.69 616.89
= 6.88 16.89 1265 957 11.11 162.29
o) 71 B 1A 5.98 18.22 11.01 10.33 10.67 236.49
F-rg 2 5} 2] 6.08 17.78 11.20 10.08 10.64 50.05

AL oA F. 471 6.67 8.67 3.78 6.22 +
=} uk 4.04 8.44 7.44 479 6.11 98.69
5 Z714HE 2.94 10.67 5.41 6.05 5.73 63.87
$-Z7HARE 3.15 8.44 5.79 479 5.29 70.79
7] €} 8.99 64.44 1655 36.52 26.54 71.29
Total 5433 17644  100.00 10000  100.00 93.34
5 3111 7.40 16.91 25.35 21.13 623.58
E7HAH 2578 352 14.01 12.07 13.04 105.54
Tz v 24.89 2.00 1353 6.86 10.19 110.46
2o pEA TS 1244 358 6.76 12.28 9.52 19.93

o AT 1556 2.73 845 9.36 890 104.99

=41 16.00 2.65 870 9.07 8.88 235.38
A %ol 1422 1.88 7.73 6.43 7.08 87.89
S Z 7 8.00 1.83 4.35 6.29 5.32 95.65
7] €} 36.00 359 19.57 12.30 15.93 88.86
Total 18400  29.18 100.00 100,00  100.00 1011.14

Z=Q5>h
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AEFH FLEE E W, 452 FAE J24E %= FLIFTS
ofyAgl, 2 dF#AAel AT HEFY MYFHdL FH AERA F4H 1molA
#ZERen AR E HR2He ZEF B o= AN (Sargassum  horneri)3}

F2V D (Desmarestin ligulata)o] 0.1, ZG-g oo X235t Z7FAME|(Gelidium amansii)
T A= FHAstAoh wEkd, 5L A dxFE AYste 71A Fol4o]
gle Aoz =y

AREAAE WSAGE G AFo] A0 ARIAFE AAY AE BFHHA
2o ok ARTAGE 44FYoE 2Estn FFe] 100120molth 4F
%3 SAMIAY WF ATSL 9FAE Q3, PIRAEE Radd

-
ofl
2,
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o
ol
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=
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AHEEAAE 2008 d 1€l APete] A9 st A Sep2Eo] Hol AFHR
Sutsich AFAAA AMREAEE 7H7 AEE AREAAE AR 5(2 0.45/m) %}
TR 53 A Ao AT AZ2F4 FTES AANGAT. 48S HsiA
ZA A EaEs AHEEAES 100mle] PESH| A (Provasoli, 1968)7} ©71 H]o]# 4]
Yol 15C, 20umolm™s” @ 16:8h L:D(Light:Dark)e] Z3712 AER ujekrio] 2o
AHEEA HES GEIAT AFREAY] HEE 48417 ojdle] dojyton, WEE
AEEATE FQAHE AHREAES HlojAdA AAF F Hlo|A nHigd EATL
RAHTE U FolE Fo AP AMSHA

1) XA i HHES 29 5 IF
B3 5ol AE5EAY AER AP WAE 4FE A 349, S
1879 thatE] sfdol A B A E(sediment)S et EFLA(D 4m)E o H3td
}g s YATe Bol AZRAZl &, 550C] 2(-FM2, JISICO, Korea)d] 30%
5% 9o HAERY I {FUIERE EF AANNG. &Y 45
ZAgu) o7 (shaking incubator)E& 180rpmo.2 I AAA wEYSH YRFTE A=
k=l Aot B A E(0, 5, 10, 20mg/cm’)& 5mle] P30 2ol Voltex® T U3HA

He F AL RFY MolA ol & WFA100mhe) EFSAT. wE
7 v

S

pAN]

Ayzdel 33 WEFE FowW, WY 5UF AR Y& L AFES
ARG AZEA JEEE EAZL FHE wolA uhe 9% 649 4 7

”

o
Algt & Hlg  A(before)d} F(after)o] EAUTE HAHAv|Ho=zZ HAZASA
Asrstede. 4
o] &3t A 43} tHRueness and Tananger, 1984).
3t} A & (Relative growth rate, RGR) = (In Pp - In Py) / Th - T>
A7NN Pa} P 7H7t Tysh oA A8 Eate] Zolg oluj@n.

Q) AREEA] W 229 9
¥ AEH AF o] Tk FFS Yotry] ¢, WEE AHREA
grol=Z gt FAAIZL & 30mle] PESHIAVL Eoldle AEUA &4 %
Z%(0, 5, 10, 20, 40, 80, 160uymolm™s™")ojj A wjFslgch olw], ujFr]e] &

A

e

wy  J
il

£

=
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43L& 15C9 16:8h LD2 TAHAUT WFde 3d 402 dF aedHfoH
g 745 AET A9 Fo dolg FHSUT HEEAY AEEL WY A
Pad Ao 7959 g 5L F2(24) EASFE AMEAL EA9 =]
79 F wjo} Aoz HNAFELS T

L

@) d=zZAAM AMREAS] BES
128 ARREAVL FFE eTcl=Iekset 30mle  PESHjYRe]  Eolfle
EUH 24708 EFnlw 982 LEdo 15T g7 ¥ol Fx 2d
o5

II:

i)

&l

Ados 49 AEeuddel Y ARTAY HEEL SISAT HBEAl
A FHLAe 4T AL AEIAZ, 94 e gE oz AU
AoE Buste] Mg A Fo| TAYSY W JELS AVSAL

) BEAL Fel
5ol AIALE LolHy] 3, G I BRAEAAM 20073 12¢ AFH
ZAZRE WEE FIXRE SHol=IFEd FFAZL F 30mle] PESH| A7}
ol dAEGUAN &4 ARAPAA H FFo] dojue Ao FIH 15T,
20umolm s 2 16he] AR wFEAA ABAE FAAT

2 23t ¢ 3

) AHER A50S @ Bo] HF 204 MNE 9%

A7fEel ge FNNG =AM HASE 9P FE0 5 10, 20mg/cm’)=Z
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el £ 529 el utet gatzol Fx BasTrl 6-79 Abolo] AFo] Abg
A Aoz YEhdtiad 41).

1.50
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£
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030 r
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A4A HEY £ FNEF AL
1L AANAA 4B P, F84 ww

7h AR we fHA zto] 7
) A= R AW
AEo Ry FFE A MEL o F=(20080116), FF-o]4EZ(080322), FF
AR 22 4H(080322), #4F B-2Tl(080518) F9 FaftelM AHE FEESIT 9%

NlN

AEL AY FA 45% =22 5 14T F AFLddAN qFREe=R
THEo] drAe #E AEE ARESIAT FHIE 242 AR, E FHEEH
FE& dF 2 FgdAv|For AFsa, o= RES FAAYsto Ho L9
A7t FF AF= 5% TELYU-F+E 1FF AEE hand section® FE
HASL v 1% aniline blue €902 FAsle] F8& w7 (Nikon ECLIPSE 80i)-2
olgste] oF FHejel WF Fx, AHVIH Ry Fo FuAFIH AIIFAS

ZAVe AL, AHEALRAE G (Nikon DS-Fil)E M A AR o2 7]1E31 A

DNA EA4Z 93 dFAEE 20073 11¥€ 58 20083 4€71%] Fafete] 574
Ageld HAT FEESC|HRE 4). DNA 22 de7kds 3 23 A2 2ajd
Smg Arxo AREE HAAPEANA AA it A F Zo} mAG EEE WHE F,
Invisorb Spin Plant Mini Kit (Invitek, Germany) WH & o]-&3lo F=3dch. FAA L
DNAE 93] 3l4sta 54 Zo|WE Hriste SZALAHNE AHESAT
A oA rbel FAA}S] Zglo]w & F7-R7533} F645-RrbcS (Gavio & Fredericq 2002)E
HPYHA A& Y. PCR products= High Pure PCR Product Purification Kit
(Roche)o. 2 A F AFYH7IMEEY7] Perkin-Elmer ABI Prism 377 DNA
Sequencer (Applied Biosystems, USA)Z 233} t}.
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E 4R AT 24 A% 5 AYPR, GenBank 2 W3

NdF AQ BR($A, &) rbcL
Campylaephora hypnaeoides  Bogildo, Wando, Korea; 7.1ii. 2008 this study
C. hypnaeoides Jangheung, Korea; 22.111. 2008 this study
C. hypnaeoides Jungjado, Jangheung, Korea;, 22.iii. 2008 this study
C. hypnaeoides Yejakdo 2, Wando, Korea; 23.xi. 2007 this study
C. hypnaeoides Yihoejin4, Jangheung, Korea; 21.iv. 2008 this study
C. hypnaeoides Yihoejin2, Jangheung, Korea; 21.iv. 2008 this study
C. hypnaeoides Yihoejinb, Jangheung, Korea; 21.iv. 2008 this study
C. hypnaeoides Yihoejin6, Jangheung, Korea; 21.iv. 2008 this study
C. hypnaeoides Akkeshi, Hokkaido, Japan; 7.v. 1999 EF613505
C. hypnaeoides Daesado, Wando, Korea, 13.vi. 1999 EF613506"
C. hypnaeoides Lopatina Cape, Russia; 7.ix. 2001 EF613507
C. hypnaeoides Sonchora, Tsuyazaki, Japan; 18.ii. 1999 AY945768"
Ceramium boydenii Jindo, Chunnamn, Korea; 4.v. 1997 EF613510
Ceramium inkyuii Guryongpo, Pohang, Korea; 18.v. 1999 EF521800!

"From Cho et al. 2008.

Sequence Navigator v.1.0.1(Applied Biosystems)E %3 &<J%® 4
SeqPup T2 E olfad AW F, BAAYL bl A/IMLe HoHES
g3tz 3ty  uncorrected(p) pairwise genetic distances® PAUP* 4.0b10
software(Swofford 2002)E A}&3le H7}3tH ). Inter-& intraspecific p distances
JMP statistical software(v.4.0.2, SAS Institute Inc)® A4t AEdHQ
FA#A= SHEAFEY (Neighbor- joining analysis, NJ)S F3Psldct. NJEA LS
Phylogeny Inference Package (PHYLIP, version 3.57c., Felsenstein 1995)¢] DNADIST
program © 2 Kimura-2 parameter modelS X E}dle F7]Agde] I8 A&E3HTH
(Kimura 1980). o] A&+ ©A] NEIGHBOR program< %3} NJ AS4+E 353131,
bootstrap #4]-2 SEQBOOT$} CONSENSE program .2 1,0003] 4 A]3}ith.

_81_



Campylaephora hypnaeoides J. Agardh 1851: 149

5 4 45

B ¥: Korea (Lee & Kang 2001): A3sj<t, Eafict Ealete] FHA Y.
China (Tseng 1984), Japan (Yoshida 1998), Russia (Perestenko 1994)

8 5 a39s, AL

s = 5, 438
71 A:

Z 79 2FeHold Axdd st EANERe Zdd BEeH, 4711
Jole) QA Az HEN Eb 9%

olm, gL 10~20 cmo|t}.
E 3o o Fod E HA

MEZE T A3, o] Alxe Frid 849 FAAMEZ BFor AdE Ui e
2H, I). 25 FAANZEL A3 AZES UEdA YIFF AEEC] 23 AXEES

=1 om(2d 42B) U Soe b9 724 AR
AEgol F wE UATHIY 42, F. 1 AR 93 ¢ 223z T4
FAAD A YA AGAMEY AHEdd 9y, =489 A HFHAE 1
mmA L3, thh FAHOR A4 EAFHIY 43). Fol FYR 47E 2AE

FHAELZEY FHsH, A3 AFS sty 123 A EXAFHE 43E).

oy
*
by
%0
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AREAAE WSAGE G Age] IW AREAYL 7HAY S el
EHHSA S4BT (29 42 G D, Q). AREAGL AA4FPow It HFo|

100-120 mo)th. B AT ABoAE weAES BASIR Ed}
o, A5 FAuSA HF AEES dEFAE 3, 237
ZR717F B9 FAMSAE Aol 1 om =2 3, WEIF :Ert glon,
THAAJ] AFEAE o dHe 7HAY S Arle &L F2 A9 £
AT, FPolm AAe] 550-750 mol i, 6-7 /o] FEAIZ EHM] HEET
2=, FEol odE £, AE¥ AA=RIAY) FAAAM ARG AFAES
e #EF A7 HFo Fad APYAL FHde AR FAIou, Z
7HA A AYEE i FHol7t Je RALE JEYh & dFmolA AR
AE8A= YA F AYS AsET o 2
Byon (1Y 43A, B), 79 ABE tax #FAo EI, FEFF AAE(AAL 9
NEL 71X AR FAHE 2RI 77 b2 F AGdA A" AR

Hla] 2t 2719 37 A= u ®Ho] FAHe Aoz FAHAY (¥ 43E, ).

=
142 71E Bol e 5

tlo

W) #4941 24

4
Az Hge] Ao

M

X
2AFEL Wolg Hosty] ], MaA KA bl A7IME
AL FsHE JA 5 AGe1FRA, AAE, BAE, 4%, FHA 8 AEAE
Aoz 3] 1434 bprt BEAEJEY o]AL 1467 bpE ZI UYE rhel AA FHR
978% sF3Tt. 2t AT A=A bl fFAAte] Wol&L 0:0.14% (02 bp)E UENTH
TAZLR ol3AdA ARE F Mo FE(Co & BT UMA AGY REI= 2 bp=E M
2 Aolg BYed drjde olFRdA AFE A F ] FRG & = EFE]
Ack. B FFolAEEdA AYE BEH A BEAE 1 bpd] Zol7t Yebgth @,
=it A5 EA AE 7H] {4 Hol&2 014-035% (25 bp)= Jehd Ao HlEy,
Y& 45 b Wolad 042% (6 bp)E T w& AolE EJth HEH {FABA7}
IV HSGESRY F TR (Ceramium boydenii & C. inkyuii)9}e] 384 Wolg U 23
2

2

M
il

=

—
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G o] FHL, FFHL BELS /M 7IA RES ST 9 984
AETde FREA OE nodes AR OM, 53] UE Sonochora, Fukuokad|r €
Faol A& AA ASFAA 7P ZAFES AASFAUT bl N A5FoA 457
& & ERIHoE dAFTS 48T

b

2

rlo
Oft
1—l
A
2

rr

=
-

M
A
Lo,
He
u
St
flo
ek
%2
ol
=
-
Siid
n
(d
it
4%
i
AP

o uF
M54 (Campylaephora)2 185139 J. Agardholl <8} Ceramium rubrum var. firmum C.
Agardh F& 272 s AR JIAEHIeH, A HESEY 7EF (type species)
Campylaephora hypnacoidesoltt. A& && SRR 7/ 43 Ad¥4de FA4AL 953 71K
BREol Zay 2%oF 3Fo]JWrkeE A (hooked terminal portions of branches) 123l
AEA Q) hFo) 7249 ¥% ARAl (thizoidal cortical filaments) 7%7} $ltke Ao|th
T3 Nakamura (1950)= <o AF3 FRAE olQo|x Ho] MWE3E Aukg o] 7}(conical

]

discoid holdfast), 2} *|(dichotomous ramification), AT AR ¥EAd(large tetrasporangia)
So oA EASe © FN A% £¢ APl B AT ¥Had 339
FRAE NBED S2E NEBE F AT o AdEs AuH ERA
BRAe] 5, 2718 F7), 2uE 2 A Y A4S So AN tae) Folg
g8tk 23y Cho. et al. (2008)0) wawW, AFRA, Zay BEF A, Agd
AREEAY, 99 7R 59 SAL 45&5S P AEgdol 2 4 Qitn
AFsAT. I olfr= Aol UEF IFESo] AAR EFTY vEE & (Coramium) N =
&3 22T 5 e SASciTe A Witk wehy B A7 A3 gdd AgE=
vERd oF7te] FAwole O FaAdo] "ol wddth
AollA vehd FEishy Aol Aol FAZHLRE dAvhd ®lolgds HoleA
gose] B A3 bl §449 el gE Aoz ey & dddes da Fag
AREAE 0Ql dFE EEE 0|57, AAE, HAE, AT BE 53 A8 o)t gk
o, o8 A F EEI AES EEFE 12 bp AES) Holaw EASAT. 4%
&o| RETFE 33 EAAETZHA AT+ Seo et al (2003)0] Campylacophora borealisol] T g
RuBisco spacer region3} psbA Az} A1E F381H o1, Cho et al. (2008)2 Campylacophora
alifmica S B3] FHBBA bl FAA B4 5 AFHew ATaAAT. § A7

o)
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Ade BT XELHo] DAET (monophyletic clade)S AR AL Rusigon,
ooz 72 IS5 ARAE 2343 W3 aZE 4= dde 5FE dFEd.
gHH, RuBisco spacer region®} rbcl ¥ f3%F 40| A veld FUl (infraspecific divergence)
FA7 Hol&S AvEd k7 0-011% (Seo et al. 2003)$} 0-042% (this study)Z rbel f-A#}
29e] 434 Mol e o ¥e Ao AN w3 YR EB 45T (02%)0E
03k HEA (0:014%)E0E ta O 22 313 HolE HYow, Yty @24 1§

Ol

e K

e

Tl A ehtE $87 Wolge 014035%2 stk ARHoz Auz AYY HEL
A Aol FA4 Wl MolM AL Aolsl AT B, olF TP 2 Aol
AR sk,

Campylaephora hyprnaeoides
NJ Tree of rbclL.
14 taxa 1434 bp

C5 Campylaephora kypnaeoides Yihoejind
C7 Campylaephore hypracoides Yihoejins
C3 Campylacphkore Bypnacoides Jungjado
( C2 Campylaephora Aypnacoides Bogildo

Cl Campylaephore hypnaecides Yejak do2

EF613506 Campylacphora Aypracoides Daesado

C5 Campylacphore kypracoides Yihoejin2

1 C8 Campyilacphare hypraeoides Yihoejin

Ca Campylaephkora hypnacoides Jangheung

I EF613505 Campylaephkore hypnacoides Aklkeshi

EF¥613507 Campyiacphor: Byprnacoides Lopatina

~ AY9A5T768 Campylaephora kypraeoides Sonohora

AFS21800 Cervensinuns inkyuii Guryongpo

EF613510 Cerarriumns boydenii Jindo

0.005 substitutions/site

1% 4. 2719 outgroups A 459 FEA] rbcl sequence AEE NJE A3
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al

53g-94gS B 399 FEAA ] HS) 5L =4

AL G, AANT £ Aszd 22

g
1%
12 4o
1o
[ O
o
i
rr

¥ 5 A4A wE HExAL BF AFHFEFLAD

1% 3% AA=  BdE  BdRE | Ra

=4 24 34 34 34 59 59
(£ = (& %) CRikd) G (£ = (X4 4h)

Max weight  53.40 71.93 73.07 7453 94.68 69.65
(g) (£7.52) (+5.02) (+3.38) (+5.65) (+9.86) (+3.38)

Distance 1.63 3.38 3.40 252 2.96 2.00
(mm) (+0.06) (+0.35) (£0.14) (+0.16) (£0.40) (+£0.17)
Hardness 41.26 29.67 27.69 38.02 67.30 48.69
(kg/cm®) (+4.78) (£2.37) (£148)  (#264)  (#1651)  (£3.81)
Yield 44.20 63.87 70.60 69.40 90.26 65.65
(g) (+8.33) (+6.62) (+3.39) (+4.89) (£9.49) (+3.91)

Gel strength 6.80 9.16 9.30 9.10 12.06 851
(kg/cm®) (+0.96) (£0.64) (+0.49) (+0.88) (+1.26) (+0.63)
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1H0(100m)F 1546kg(AFF)e] F&8o] 7Msstn Zus 7|dd B2a HE
e gEEFE 3] dEol £3H7128F 64 Aol Hox 339 o
7bFedth wEbA, A5 AdFE F9E 10T AFFOE 46.38kg(1546kg x
3z))o] "tk oA, W T AAFeR IAdetw, 1haT 20009 FHE0
A€ B oF 927.6kg(46.38kg x 20t))9] A E-o] At shEdich

rlo

m-\o

4ze FHANY &¥ L Bt Hm QAT Foub HSE FF, U U

B 4Fe QA ASHE, AT DFLE AN RN
9% e AL® AgHolW, ArANE AT FF we A9
WEQHA-5THA/kgo] AT TE AzRel W itz wiEH: U
AR $EoAE HEL A Ao FEAATE £dF] Tl FEw
FEol o@ JgEdEe W3 w2 oed, 45 sud/kgl ot
FAets dluH(ha) T 460022 e] oj7h Yol Sl

FHAAY HEGe g FHASY FHAMHG FAsA AP=HAo AR

afeg A e AFA AR 1,601 90 A FHAT

A|dHE AJde] "ed AATYS AEIE AXEgeng,
A7l e Al AMEShE AT AASIH T AAHE FAIE AR T
74E AY 2 IEEE BAe FAYel iaHs A9 15949 19%F
60000022 F 900J¥E RIFYh FHHY A
Adete 3ol 17] W& m ey gArtER FYHIQl 15 50,0008& 7E
% 65°] olggoz F 30074l 2aHAUY. HFYIE (F AL 29,
FA7 7Y B¢ F 139 #FY A8HE 2897 FHo L8HE 3Y&
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E3std) F 339 1Y #F AHEHE S0LE AMSHI FF 3t
AAZEAQ HE(L)TF 6009 A Eote F 90HLeE ALHIAT =8, F
2 BAuE e 19% 10000902 % 3BYL LYoz 330HJO
Adstgoh. a=li BA 3L o AR 1" L,000¥o= 20U E
A3t enz 108, AFRAE D FAE ALHS 1007 o] AaFHo F
120840 Z25E Aoz ZAFAT. dAuE 1% 60,0008/ L)
AR Art=grld  E=IHPT wEkA F O FI¥Ie 43433 Yo
AdHAT AEEAnle] B9 F AN BYPuE T FAe AFFE

10% S wldste] 43431902 shgrh

E 6. A5 42 A5E4 (49 - H4)
3 = =9 A& 9
220 Al 46,380
A = 46,380 927.6kg x 50,000
Al A ] 900 Al 171] 1591 x 60,000
FAH| 102 ot 1070 x 6,000, Bt 23 x 21,000
04 300 £ x 50,000
7 Sl 990 33 x 50/ x 600
3 F 214 330 10,0009 x 33¢Y
A H] 7)eb =) & 120 o] ZFPALE 20 x 1000
A 27z | 1,601 S22 A 651,948 + #E] A 950,000
H] AZAH] - A7 =g (7=l 23
Al 4,343
A7} 58 | 3,960 339 x 221 x 60,0009
A}E. 8- y| 434.3 7ddHl x 10%
Z A 8,737.3
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g% 74 w9 5% wi 29 :: 477
MEZZ 16mm et 2 26 52 3 17,3334
23 12mm <t 13 21 213 3 91,000¢
s 22X 12mm <t 25 20 500 3 166,666
KRy 1.8m 7N 65 2.5 162 3 54,1664
2 2y 1.8m N 65 35 227 3 75,8334
22} 60! 7N 53 12 696 3 23,2009
201 7N 750 3754 28125 3 93,750
o 50cm 7N 750 100 w3 25,0004
A= 1504} = 15 21 315 3 105,000¢
A 149 FRP 3# 1 15000 20 750,000
A&7 o 1 2000 10 200,000
A 18,955 1,601,948€

4) 258
A28 Tha FAT A%, F olUASE 4638080 QT AQuE F25Y

936% % A= 4,343 o)l
A7 =g e 9} JELYGHE AJA 7] & L2ELS 37,642.7H

S 188028409t

g5se 47

B>

._.93_



3
T
X
g

2

o,
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o
>
o]
N

T

]
=

74 9ol 599 Aol JE FEE AAR F

Az om ARSI Hol SAFAANT 2 2945 ATALNA HFe] F-39%

FEEFS 16T ArIEAxY, ZSES 50T A3, AL AsAW
FZ4X(SX-6, Raypa Co, Spain), ZTFe x5 ZIE4FX|(B339, Buchi Co,
Swiss) 2 ZtZ} B39tk €<rdtE-2 100014 5, 238, ZAW, i) gk

A oz Vehnick

Age] 71 e AFTAAGH webs Aikeold AR ARE B #
100mlE2 Fgsle] F7]d BA48 4oz ARGtk o) Ca, K Mg Fe, Na, Cu,
T=A|(Solaar-M5, Thermo elemental Co., England)Z &3} o
PE EEBd vl ueld E33EA(UV-1601, Shimadzu Co., Japan)Z 650nmoilA]

ol
rlo
rig
N
moj
oM
M
o

3) FEjobr=t T 54
freopri=yt e AlEo) ethanols 7iste wE3E F 3,000rpmoflA 30237t
ARG AANBS 3} rotary vacuum evaporatorE ethanol A A3}t ©]o]
SSA(G-sulfosalycilic acid)E 7}ete] thA] YRS FHAE AT F SHFFE
83t ofmiit AR (Sykam 433, Germany) 2 E-A131 5T
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Axfel BadEe gREe gRE nasd B3 geRes doi 9w S
HEd QPgs] WEel 45ee SUNEY AR A8ed 1/3EE ¥l =K

78 100g7s ©=rslEo]  4238ge AASH P w8 ES vEhlen,
i) do] 25.87g2, Aol 0.56g, 320l 2.6lg Lol 7.588 AAshe AR YEkith

¥ 8 AF 2 gE FelxFe Yl I (@ g
x4 S & A ol 4 s e
A5 7.58 23.61 0.56 25.87 42.38
A 7] 74 22.5 0.1 225 414
= 12.3 74 1.1 74 45.2
] o 16.0 20.0 2.9 20.0 36.3
% 15.8 6.2 0.8 6.2 59.7

2) 7712

R7)de) FR) B FHFE 100g9] DX HE T BE] 81775mge T3l o)

7P =4 JEigen, UEFo| 4004183mg viadlgo] 1,00128mge R MIwA we
e HERITHE 9).

FeUelr Zel 14 AFAFFS AU 70mgol VIS Hide
N0mgNd| SUNFFAL 23t el 79 da HHTFS A3 8B%E A2 2
Afske ZAes: MGG wEbY Zuddel e HAF5e AT AFsHd
FUEsAY, 18R =S E 5 de VY oiE, B3 A HALE sk
AR 7 tREY S AAE g ok EY UEF Bl F ) ol &
ZE FAE vRe] B 3 A" UEF HiEd o 18Y 9 a2 S



Ao Abggck

AF gEe] ofgolelA| ojdg FE3
o) olFolAA e,
& FEE olANAE TYN 2B P AT £

HH

1.

Qs

B ATl FTPla 4
AA AAFTont mlseol 3o APES W
Aol Aotk

£ 9. 45 771 @ (29} mg/100g)
Ca P Na K Mg Fe Zn Cu
84157 287.45 4004.13 8177.25 1001.28 26.78 3.80 0.53
3) freloblet BF 573

opolte] FHFE
EFITHE 10)

=i oR

T Blealo] 247t 4309mgF 3.162mgo . T =L

£ 10 429 felofulest 3

e

4 % & 3 @ 3 %
Phosphoserine 0.265 Isoleucine 0.009
Taurine 3.162 Leucine 0.011
Urwa 0.058 Tyrosine 0.004
Aspartic acid 1.463 Phenylalanine 0.011
Threonine 0.214 B-Alanine 0.015
Serine 0.812 ¥y—Aminobutyric acid 0.049
Glutamic acid 4.309 Histidine 0.007
Priline 0.541 3-Methylhistidine 0.003
Glycine 0.483 Ornithine 0.037
Alanine 2.560 Lysine 0.100
Citrulline 2.080 Ammonia 0.128
Cystine 0.003 Arginine 0.032
Methionine 0.007
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5

FASEFY opr]st 24

*

iobr =2t WSotu 4
Ile Leu Lys SAA AAA Thr
Met Cys %A Phe Tyr A
1131 2168 1589 818 460 1278 1197 1009 2206 1631
638 1138 827 400 175 575 749 472 1221 757
596 1069 716 368 520 88 719 459 1178 743
520 913 587 274 160 434 565 354 919 554
09 11 10 0.7 0.3 1.0 1.1 04 15 214
Val His Arg Ala Asp Glu Gly Pro Ser Tau
1275 385 1638 3332 2046 3306 1863 625 1338 564
845 200 661 2722 1104 2522 897 720 669 35
678 195 577 1752 1288 2501 812 711 651
337 145 510 1029 88 1730 620 237 476
07 32 256 1463 4309 483 541 812 316
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Al 1A Pt 450 AESHY T2 A

L A77HE W 2o 3 B 24
5 ATIAGAE HE opl AT tiE ARe 9% Fes ARIAA
AREAD AREAS e, HEAA) 98 2 Yo Ze F9 54 L ERE
gl FRQ 4% 54 delldon, 4% AANAH L Folbe) TEEs
Hafete] el 5o mAAds GadoiE odd mnE Ao osjdw Ay

AE2e) A%, DEF VY, YET HAE SN AFA A¥RTL dE AL
golg & ANk E=F, 45 Ad AAHA FFE AN AEE szde
Al HEF 4%, 2EF UF, FIF NF 2gn AHAE 1302 F
1M1%Fe] $35%0m, 48 TS AP 4F AT F NFo=
=2F 3%, 2XF 8% 191 FRFV 1F02 FAHY

450l A4E FAE 7MY BEAANE FAT £ e,

Wk A AFREASG A A zANA Aol dold AL FASATH
FEAL AFe 9F 4h,  EE 2pmolm’s’s} 25ToM Huh AP R
AREAE 9% 24h, ZE 4Qmol m” s'lN A 4FL JElT w9} Q&
BE AP Ao AFANAEE, 029 day)e 20T 3B%olA dojyith. HEe
Auu kol A 23709 ool AEAES st

L

i
&
2
A
K
2
lo
P
N,
ox
ol
9
=
2
rir
of¢
¥
Jo
o
b=
S,
2
i
lo
o2
o
o

o
4
o
£
re

AT sisfs 2HAME AAuFH 2ol HHEF S7Ho et AEE0]
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Zaste]  15.66-82.69%E  EHAW.  AUAZELS AXMLolA ot
0.22-029day™¢] & uUEon, SFfERANA 019-031day ' HYS K
o FS7tek @A AAEY A FQAHAY =3, A5 AIxA=
dzAA wolEx] ggron] Ty} 5-10umolms o)A T 82.16-82.54/me)
Zolz  AFFAT  2040umolm’s I ME  EE7F FIMEA wEt Aol
Z7hsgen, 43E 9% FHzEE 40umolm’s'gon, ofn FHAZEL
032day' gt} Z%7} 80umolm7stol oz ZrlEwW AojAFEo] F70.15
day)sl2 2 3394 (photoinhibition) &) dolube Aoz FlE )
AGANATY AEAELSH AFE 93 2006 11€9RE 20089 69
A A, 4%, FE HES W AREd Aso AEFU) gk dn
geol M52 12497 1958 dHE 71 A8AZE ey MRS AR
Hl&d 45490 HWA AP SAHAY AREAAE Fhete AFE BRAoh
FEo olAT AEY AsHlEd A AS 3Y Ho FEuES Jgdod,
AREEAAE AAAZE R vehd 396 XE EdsHeH 62 AUl 2ANE&S
JehiSic side] 452 A AR 299 ¥aE 7H AA7E dehdy) At
T A S vige] HA wokAd 49 U APAE SAACH AHEEAA ] 4 39
Aeer WA 4692 Aol A Frkele AFE Jehiddh 3 AY
BN 1129 AgA S WEo] R 369E P AHREAA Y HlEo] Folx o
7€9E AEANAZL EAEA stk
Zt AG AAEe] €48 2% 2 Ao 0 $42% 9 BAE E
FRZo HNE ZA AL 851-13.96cmP 1 2006 1€e] HA YTk 2006\
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