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Studies on the mass—cultivation technique of
Codium fragile (Chlorophyceae)
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I.A &

52 HF A (Codium fragilee] thFAL ¥4 71& AL

0. A770de) 52 2 g

1. & 3

vt AxF FALEY FERALATR JHFEE EAE e A8,
NEFFH FFY d¥se FE3] FYHO Ak = HAlon. H4L
A2RE 7354, 4FE A2YARE 2 A7 W L3R FiEe VAR
e o]&Hol 21 itk 53|, HZde JZd dFe s FtE AolE =LY
olgte AEo] Hojd LS BT Aol dFAAA HZte uid
87} #&£3] F7ME3 Jth(Cameron-Smith et al. 1997; Castelli et al. 1990).
weta 2 dfdAe 4o A, e 59 AESF J|2dTE vl
sl SR 9 FUIes NLFeEN SR FHEFT tdEE fEdtk,
¥ 7S dE] BEToEN oYRlY ASFud 7| By ol HZe
HFYAS T AFANEE FEse AYEFE 98 TFY 2 HF9
7 A 7= B4 FY FR] 12 49y F5EE 883t At
Folge] RYFH F5E A% TN TEY FHYLE o] &3A Frt

2. 984

AT AL 70% o3-S AASL e AF FANA AxFe 13 YA
ZA9] R718 AT ofd} d|F Fo] AAE FTFFOEN HY FHFEE,
olf & AAFTE T UYET TEEY A4 83E AFde T HE A
AAAM F83 4L 4343t Jrh(Chapman 1962; Abott 1988). =3 s|=Fe
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AEHoE ol gHo & AF Fo2ZA9 & o|fdx HEY, vjyE R
Tok3t AP BERo FFHoBAY 7R Fo 7 s AlgY FEEY
HE 22X % o]&5o] gith(Indergaard 1983).

S ghvete] sjxzAYe A7 Bad Aol F 735%0] Hii(o]let 7 1986;
o]} 7+ 2002)5 o] ot 1 s HAR o]&HI JY' FRE 20F W
o] (Sohn 1993), W& ¥ Z, 7Y, tAlnl, & T &5 F3H
olFoiX| 1 itk wetr E&HQ] A o]§ B ARFEH MAY FF
thiste 98ty odd 2 e Mg =98 &9kt §(Sohn
1998; Hwang et al. 2007).

BZ2F 4L VR F, 8L EE ZEdH 9o, of=xF7}t A
oA Agog da ol&Hi goer(Kang 1966; Kang 1968; Velasquez 1972;
Oh et al. 1990), L AREH ¥t 239 FFAZ o]-&HAHKang 1968; Hoppe
1979), ¥lxx7] A8 2 4% X HE(Tseng and Zhang 1984)° °]&=o| ot
£3 Jzte] FEEE FAREo] e aaylic acid, &1L EHED, &L
Sol FrEe g ® ol ot # FEAWe] A HAEY Tl U=
Aog ¥z, o A gtz 8 F e H& A=z
(Katayama 1964; Glombitza 1969; Shiomi 1983; Ryu et al. 1986; Cho et al.
1990; Rogers et al. 1990; Rogers and Loveless 1991; Rogers and Hori 1993).

2z+e thdA dl=2(Head and Carpenter 1975), HZ AMAXH o= O X
7L QolXEA AR #Ad Zd HEYHLS Hole o] RIHUHY
(Carlton and Scanlon 1985; Campbell 1999). °l& #Zto] e tiAs= A4
FAAL FA9 ALY AFTY WELE g H 2T (Duke et al. 1989),
FolA dojus RHEAZOE At A AAF 873%7F FA o=
Frdean A AHA FAd F#SH(Fralick and Mathieson 1972; 1973;
Benson et al. 1983; Gerard et al. 1990), 2~ A|¢} 22 A FHY 5=
Asty] g BL FAEFY FAFFTEY AAAE AFde S4HE A=
% o] tH(Coffin and Stickney 1966; Churchill and Moeller 1972; Hanisak 1979).

uteba F2 FriedS Bote SRFEY A F59 ostE B F
lon, 24029 o] FR ol]z RFIIXE FET F e A
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A4 FA71eNE S Fo1Yq A2 H 2L 53 & @Astaa @
O dxF ¥4 FF9 odsgd 7o
O 1F771A] FE=E ol &5FH
O UFFEALY 7I'PE o8-8 {FTH =AHA FE BF AA w4
O A7 44 gdz2 ad 8739 FI¥ED AA

7t 71€3 &4

A2 LYPARY FIA R FEFARE AHEEHO] $oW(Tseng and
Zhang 1984), o€ HZoA &3 A Sarcoma-180 A X 84
FE&Eo ¥gad & FARE] Jdvtn geiAT eH(Cho et al. 1990;
Glombitza 1969), A4 A8 o] #HAM(Duke et al. 1989), + 4 F F A=
FSBHA AFFEE FFF A Aio A4AH AA AFHoR o] §&
4= 9ltiLobban et al. 1985; Ramus and Venable 1987). =& 13 #15g Aol
A% dF WY os 22 AFEY HAYS 5T & Je FAAF ol &=r}
F& s|Zo|t}(Sandgren and Robinson 1984; Yotsui and Migita 1989).

AL F9 ANAY FEAF0] golste] Auju]gFelA= £33 5 (totipotency)
o] HEHE AeE U¢#A o v (Borden and Stein 1969; Yang et al. 1997;
Nanba et al. 2002; Nanba et al. 2005), 29 #3dFAHE FEsts 899
3l Ramus(1972)= &9 FELF % E813 ASo] Fasivtar Aot
o9} ZL FHA Yotsui and Migita(1989)= AW olA ABE FALE
it &A FelEde A ¥4 JHAE d& 5 Ao, dliHE
APE FME o3t AHE IR E3HH(Arasaki et al. 1956).

dutHo g szFe XA WEo) ZAtE FFAY INS T FERAY
o] o9 FAAY YIS T FNAHAI} v JdHI Ao oA
2219 ARFALE ©]83 %A (Park and Sohn 1992), S5 At A #F
WSAT(H 1984) 283 FY RFHY) YL 5T A& T 1999) Fol
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3% doln. o] 22 By {FAEAAE TF AEALY T FEo] FHdl
HEHe Wds AUAdES T8 UAH My Fol &7HEER, xFE
FAA e MTe E8 BANE FEAL BUAF o] & FJH
88 d7e A9 fled, F2 784S FoA &3 A FAE FRE
sto] oke] AFFAd AFI AHEIE BaE o

wEtA o] @7 FF4e d¥AHE T VidEHe FEALY 59 H
BHBAS Fdste WFRAS FHFEEN YL AT FEAYNTS FA
71 Ade HHog o

Y. AA - 343 &9

LUl Ak YoM Exsle Aoz V2R Y A5 GRAEo| 48%,
FEHNEO] 82F, ZEYE 139F, TERHE 406%, 1 o JHUREF T
GHEAR Z7FE FA0] ol JTHO et al. 1987; ©19 7 2002). °1& AF
FEol Azt HF Y B ol 2ofE, THE FLE o8] HA ey
A2 v 83099 Y AEY 98 adgn FEET AHFe £9
ToE Uzt FHF YEAL] nZHA, F8 HF VES FAFH 4T
AP 3 = AAolth(Hwang et al. 2005a; 2005b). wheta] -2yt ALt
qE LS FEI] /MLl FH FH7IHE LA EEHN -8 xR Fe
gyl BE 7)9e] wldo] A|FE dA el

o

=
A
T
o

o A% - £88 &9

ot sde] S $Tiet T A9 2 AQL WS L F U
nfen om oHd 484 poole WAL FA4 AW 5L gulsks
WS Fa8 Ao B Aolth Teht A%} o] A% $4 0@ Y A2
99 2% 2R U £ uFd Foz A F2o 497 948 e
BARE SEI] A% =8 7120l ety me] 437 Ao 4R
o FARA @ Rolth olPF EABE S AelAE A=F T P
2 BT A2E 0§ et ANFEEA S AEF Ade) olSES
¥ & Aok

¢t



o A0 W8 2 HY

1. 37 AAT A - A 54T
7t AR AR BHEH 5A

1) AATY AHA 87
Azt AAA (@) 9F, BAS)Y S, GEE, ANY, ANE, $3EY
59 NAERe 98z P53 EAAAUT.

2) AAZ 4% B 4%

A2 AN A4t A& B Fug P BHL ANR(@ES A5,
BAS)NA Z FA9Z AND AAEUAA ol 9B, 9%, 4%
&3P, A%, T 27, 9ol §4 2 4SRTE QE ek

. Z4 AAZe AYF 54

1) F-2xd Be A%

2 GAY ARl v e 2E E 259 TS dotr 7] gt GA <
ARZE JIAE 1em A7)E A o 1L k2o 3:03g A L35
zZtzke] £%(10, 15, 20, 25C)9F Z%E(40, 60, 100pmol - m? - sT) 273}l A
E719% Q0. wldE St 8 X (PESH) X|, Provasoli 1966)2] gz} Ao
£ dFY A2 HAF

2) FA wg BF

FAd oE FAY AF L FEHIAFE dolry) fstd A FAY
BRE 7IAE 2em 3712 AGS o 1L EEk234) 10718 ¥ 57](200mL/
min)il ¢ St FEL WAH(HFF ), FYF(LED 480nm), & 4F(LED
680nm) .2 TRl AMEslgon, wjge &% 20T, #3F7) 168 LD, 347
100umol - m? - 579 ZZstolA AASHHT. AH &5 F W3 AYAY
dole BE AAA dold HAXNE U, AFF5AHL 270402



AA AT

3) B - 2% - FF7] & weAd L R As

o] MG FAH R Ao wAE &%(10, 15 20, 25T), ZX(40, 60,
100pumol - m? - s7) 23 FF7](24:0, 16:8, 8:16 LD)2 FIFL Uolr7|
Aste 36709 =FE APFAA 5047 AT wi¢Ade] &S
Z} F7EE RzxERE 30704 REE ¥del FHE weAEds vEs
103] o] A3 1 HTLE Ao, #eAGY AsEe witAd
dol¢} Z& ST RN WHIT

4) - &xo WE P YA

- 2xd wE EEFAe FHEP A 9 TS Gotry] Hd AR
e 2E® ¥IJS 500mL ZatAFd] 438 €% 10, 15 20, 25C, &
10, 20, 60, 100umol - m? - 5%, F3F7] 168 LD, £7]% 200mL/mind] ZHo=Z
HlkslEA FeigAe S BEASYeH, FAE 9713 £7](sympodial
branching)& 3t22 w|gA|Zte] W& Zo] F7te] EAHL AFHo= AZE
g oA B - 250 i FHFAY FHEHE FASAC F4 FE 4}
ZHE FHIFHLL 10¥ TFAo2 TGdAd wat FA, FAEA, EA 9
Jel 2 FEIIG

5) 233 f%5d e FeIA

229 P E FrEste FLUAZE F9 3yt EEHFHA AS otk
E AN AzERd £ ASHAEL 4 P =9 FE=A
© 2 ZE(100umol - m? - sV, #F7|(168 LD)¢ 2E(0T)ZHL FFA F
v k-8 71(500mL)H ¢] % 7]3(100, 200, 300, 400mL/min)& @& st HE =9}
FAFE WSS W FHIES e dASVIFHE TEEA S
Al 9713 E7)(sympodial branching)E 3tEZ ®|FA|ZHe] & o] F7}
o] FAL AFHoZ AFT F oA Z BrUI1F dF FEHFAHY 7S
#FsP 4 FE FARREHY FHIAHL 109 FHE 2B E
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wet AL, HYA, $A9) Geis 7R

6) FA & FHFA

Fdo w2 E5Ae FEFAY g FEFE golry] H8) AZREH
EoE ¥3E 500mL EehsFd] 83 4 4 AFlojE oA &= 20T,
33%7) 16:8 LD, %4 7] 100pmol - m? - s, 7] % 200mL/min®] ZA0 2
Wi FatH A AN F(F339), F4F(LED 480nm), Z4FHLED 680nm)]°l

& FegY P BEsIIen, AR 9713 £7](sympodial branching)E
SEE W FAZe] BE Ho] Frte EAHL FFFHoE AZE F oA
Z} A Ui FeFAY FF0e FASGTE 4 7hE FARREY] A
< 10 TF o2 WP we} SA%, AYA, £49] FH2 FEEA

2. 3Zte] AAEEE MFe3 A+

7h FRAAE o] vt HE 2 ARA W

1) HS-2 &g A )

Asd galeArde] WA wE A AREHE O3S 98 ARA 3EE
w249 & A3tk

2) 2B JAAY Mg

571 2%%71(10, 20, 40, 60, 100umol - m? - s')7} 15C % 168 LDY #57]
ZAstA HAFAIT K-2E cover glassE A7 5cme] WHE petri-dishE &4
22209 HJ{AY 4FE SHGAT. ZE AP L 39E AYPFE 4F
dAqer, WA= PES WiAE AHESIA R 3Ynitt AF mestth

3) 2Exd A uiF

) EX=7 (10, 15, 20, 25C)3 16:8 LD #3571 % 20pmol - m? - 79
Z8t0 A A7 238 cover glassE A7 5cme] WA E petri-dishZ
A 2273 A4 AL ZA4FAY ZE H4FL s AYr=
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MAstgoen, Mjx= PES MAE AL QR 390t AF mdsQ).

Y. FA8HE o| 8 EFA 98 A4

1) A% 159 39 & %3}
A7 g4A 1g 10mLe 3iFo] ¥ Xde A= E3t ImL 34
59 X¥4E AsstAn

2) SEAVCIA Y FALEE EFA A

S XA} AH(DI 25 basic, GMBH & Co., Germany)E ©| &% 3d7zte] A}
B 5% 159 37 GAE 10 mLY] dFs 59 7 Zzhe] ALl
(8,000, 9,500, 13,500, 20,500, 24,000 min")& 30% ¥ EH3IF ¥Fo] Zojg
FALe) Zolg &A1, 15T X2 F} 40umol - m? - 579 2R 27 A
597 Mg F ANE X F& SH3A

3) & d AL A 2 AN

47) L&==7 (10, 15, 20, 25C)F 16:8 LD9] 3=7] 2 60umol - m? - s1¢)
Zz= ?ﬁﬁ?}q]’ﬂ A A4 2 AAE SAHSAGD. EHFAY AF
ZAL HF 27)de FAHY Aol Ao, WF 3Y FHREHE B9tF
A Aghe A 543 Zol&Ao] TIIFEE AAE XY FE A
stk ZE A8 3719 5HH petri dishE o] &3l 398 AP HTL

4) =208 EIFAHY AF # A

47) ZEZZ1(20, 40, 60, 100umol - m? - s)F 20C E 16:8 LD 337
zAstA EEFAY] A% € ARE SAHAT 2EFAY AR SHL
HE 271 A9 Zolg SAEIoH, WY 3Y FREE BT EHA
A FAMY EAG AolEHo] Tadlng AAE Xde FE SFIY
2E AR 3709 E9D petri dishE o] &35l 3utE A3 Yrt
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3. 349 ¥HEF AT

7t AFAR

1) AR 2 EHFALY AZAE

Azt APAE ol &3 AFAY ARE 200549 8Ye] HAFHHeH, ARE
(45x55cm, I EY 36FA DS FZE 1me] 9F4ZE vige] 231 ARE 153
500g9] d4 ExE 3 ABREH HAEEZE WZol FFo| BobEl airg
THAT AREL A% FAVE oz o 744 253U f5A12 F AlASE
2 &A FHOE vgst AAAG R A5 2o E FRAA wWiFIAT

EYFALY HEE blenderE ©|83t9 2zt A 200g7 |4 500mLe]
&2 X FAF £YAE At ARES £l "UF FAMBAL
F AUAAF2RE A FHoE WEdY AAAE F AdFe 2HeF
B kATt

2) AEHE A & AEEH

7H T84 g% A 4G # AREFH

Aad 4 R22REH UEd W2y FJ3d g8 oA ARAE
7148 AME3t FEAA o HAFA A F AREFAE vmstgh
A& Bxe 2005 74 g 9= xS 95dA APsiney, A=
A ETAFAA F3 A 3 15T YgioA 197 FLAz &
W92l HES F=Su ARz 2832 FA ImY 5g AEe] WL
stRoH, ABELS 45x55ecm(ZH RUAL 36FANE o] &3 AHHmz
AEES WHZol Fof WEE WAL FEste 71dd) RFASeE gon,
AEFxY #5432 1L/ min2 FASAT. JFAY A% 2 ARaR
E3L FA lem B 2FA Z}AY] 9 dol=2 SAIHh

W) TN o3 FAe AR R ARAH
A7t GAle AEE FAMY Zo] Im F 2g9] HIE-E Hand blender(MR 5550CA,
Braun)& o]|83ld EEFARE Az P EHFAIGC ARES €U}
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At ARE Ao, 71dd ARE EE5AY AF=9d AR
= vastych Bt A7 8 ARaRe] $4L FA lom B F3H
Abel 8} dojz FA3n

h AEEY AZAE 5] A8ad

EEFAY e HEES B7F ZAANES F vz Wyl A AxAD
(0, 05, 1, 2, 3AZHE EFAY BF = ABAAE vt A=A
Zz19d 3541 AR 2 AQEaHe] 3L FA lom B 2FEH ¢
Zdolg FA43 At

3) Arrdd A% 2 AraHy

Ak ABA ARV Z2E(ZHEY 18941, 368AF 2 FAHE £
FALS] AREe}t MBAAE HEIHTE IAHEUAL 18FARE F7 1.43£0.12mm
Ao, 36FAE A7 212+017mm 2831 FAE A A 4.50+0.38mm G T}
Z+ ARZIAE EE5ALY] AR 2 AEAEGE FA lem T RFE FALY] F9)
oz S

4) A EEFAe] AREE v

Azt HFAE o] &3 AAY ABRE 20059 790 AXFPow, ARE
(45x55cm, ZEY 369 HS A7 1me AFFE Higd] 21 ARE 182
500g9] dea BZEE oI MBEH} YHEZE UZol FFo] HobEl airg
FTEIAAT. AREL A5 GAZE Hohtd w 714 2539 K5A17 F A
TEE &7 FHoE Wdity AR 3 AAdFe 2Ho= WA

E8rAe] AHE blenderE ]88t AHEE 18T 200g7 814 500mle]
HEE X339 A 2YAE ARS ARES B9 @7t FAAEAZ
F Atz E &4 FHoZ dste A9 R A5 2hoE £2
g sk

ARG 222 ARE AEEY rlo]4e 2005 8YFEH 9E Fxe
SHlTre) Al ojFoA dgFetdeR ojfoFth AF 5L FAH10 amE
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370y ddsty FFEFS FAFAT

5) ARFT AUuMiFdso wa o]y &7

2005 9% 6UHH 1197H4 wid EEFAe] ARE HAASte] gz
oA wlFF F 2005 12¥4] A =T FzE o FojF9 F4 05m
Al Ztol2E et on, 2006d 5E%EH 12871K APSFATh A7)
Apo] W AElE A5 shold] Ao £ slo|d] 7IxtE FARY AR
A 10emE 3714 Adste F33FS S35 A

6) AA 7told% =7 wof _

2 JholA e &A% vt &, DO, §EE, 44, pH, AVAEE,
T54F, dYE 7Y 8A2ES AY 9EF 149 oF 2 9457 9=H
Az oZdx 2004Q@ 11€9%E 20053 8¥7HA] v 374 =2AXE TUHY
St T

. 7hol4]

1) 4 2 FAAYEEE Jlo]d A vla

4 R FAAPIHE Jho]d] A2 2005 10€ 19%H 12€ 197H%]
6047t A =T =S X FHAFNA FAFHAC Fto]d] 4L
05mZ FAsIgen AR FHL 159 7Fox AP 4zt FAE
10cm ZolZ 37/¥ Agdd FAF 10ecme] 53, 4 FA =& AEGAY
2ol & 1emTF FALY] 8 A A

2) 7tol 717t F AAY A=

7h 7teld 71zt & 2 2 F

7told oY FAAle Ad 9ET =S A=) g=T BEW) 2
AR NAM FHReH, Zt ojFe] g F&, §EUL, GEE, AVAEEY
W= YSI85(YSI, USA)E °]&3t FHA3AI, F3FE LI-1400(LI-Cor,



USA)E °]&3ty Sttt

W) e 2E 349 AZE & sto]4] A

EFA] ARA A7 (FZEE Y 1834] 3634 2 AR Ee5AR)
AARAE AREHE vwsgrt. ZFRZUGAL 18FAE A7 1.43+£0.12mmE
o, 36¥AlE AA 212+017mm 183 FAIE A7 450:0.38mm$ATh
7tol4] $4L 05mE fASReH, 4G 2 stold AFe) 4L 15U 714
o2 AFFE 479 FAE 10cm ZolE 3MY sl FAlF 10cme] F%F,
37 A e JHEAY ZoAF € 1emT A 8 S A-

th AMBA =&AE JZHe AF= " 7lol4 a3

FEFALg e AEES 7 BT F wdsEd ¥r] A AE2AZHO, 0.5
1, 2, 3A1ZHE B FAY) AR=) ABAFAE BT AXAIL 209
5 AR 2 sto]d Ao FAHL 159 BHeE HAFTE 449
ZALE 10cm ZHolZ /1Y HAdetd FA 10cmd TF, A4 FA B Y
FA S ol B 1emT A FE FAEAT

oh) 7told 4 e AF= % Jloly A

7to)4] A3 2005 10€ 1¥93EH 12¢9 197HA 60¥7 AF 57 S5
BAxE FHojFdA FAHJLH, FHFHL F&3 FHAE FFRFS
2R3 $53FS) 54L& L1400 Data Logger(LI-Cor, USA)E ©]-§-3}
79 Ao 2 F4(0, 05, 1, 2, 3myEE Qs Pon] SHAvit} 55 =A<
HEge s SRS Hld fHe 47 05 1, 2 % am dYFE=
ABES o2 AAdsien, 37 A H 7to]d axte] S22 15¢
A0 Ztzte] FALE 10cm HolE 3/MH Awsle] FAl 10eme] FF,
A7} FA == AP A Y dolAF E 1em F FAH] & FAHSAG-

aly 7hold A7 BZe ARE D ol 3
20059 79%E 129704 WY solAg ANse] 4 4TI G FAL
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Ee AEAY A% 2 Jtold aAE AT F4Y A% 2 sy &
9 542 1Y HFHo 2 Z4Zte] FALE 10em Fol2 Y Adste] FA}
10cm®] FF, 7t FAF BE AP GAY doldF 2 1em 7 FAHY FE
XA

3) 7tel2 717 F AW EZAL
7¥ol2] 717k% 7hold A (05 1, 2, 3m)E G AEEY EAld €3
AHYELES ZAEAY AHAANEL S2F, 847, F2F 2 ¥d S

78 ol79om, 159 Ao AAAE] 24 UEs} TAFE BT

L=

1) AA FA oF =4 v

AA FdoiFe BAEA FAde £2, DO, §4EE 2L ANAERY £
BFe] 94ES AY 4= AW ojF 2 AT AT § AT oA
2007'd 1¥45¥ 6¥7kA vi¥ 2UHY dHch

2) ¥4 71 F A AR=

7h &4 o1FE H4e A=

g 9=7 44 olF € 5T 458 = oFdlA 20079 195H
647t wWid FZe] EFAE HR 9T FA AFEE SAHSAT AZE
53L A 3utE YT 349 WaRoE 7ISSAT AAFLE FA
10cme} %] 3uHE PFAE o] 43t BmF FE=FoE AT

W) A - 7484 P %4 529

4 B FAEAANHE GEAEL AdAEe EIfAly QrE TR
20061 12¥H-E 20079 6€71A] A =T RAW oFA Ao
gu] FAAE AH20043 12€ 5 2005\ 8¥7tA) <} wm BAsHYT,
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) FA4 FAE AZE 2 G 55
(1) AANFE7IT F FEFAE AR £ FHaH

A7 A8 20061 1945E 59714 € Ad 9= d5s F=d
F2o)Fo A FIP=EPon 1Y FHORZ F4H(05 1, 2, 3mER YFEE
2389t ARE AL SAA NG 3E APy ZHe] FAYLE JE
AT FAH FAL £ 22 4m HolY FAHAEILE MM 7 4
HE FA} 10cm ZolZ 3714 Adste HZh AHEAS] 794 dolAF H
EA g SAHAoH, AAFE TA 100me] S 30HE JAAE &
3l S9m3 EHFOoZE AT

Q FNEFR7IT F FFAE AFE R FHER

F1%4AFL 2006 5ERFE 8Y7HA MY AE YET FEF AET
FHolFo A FPHUoH 1/4Y HFo2 £4 (05 1, 2, 3mEE AFEE
289t AFE 24 A v 3nkE APF S HIFHLE VF
Atk I FAL £ 232 4m Zol9 FHZZE AMIQ 7 4
W2 FAF 10em ZolZ 34 Adstd 34 JHAA Y F9 o)A ¥
BEAZSE AP on, AFL FA 10eme] FF 3WE HAAE o] &
o] d9m7 FEFOE FAsHh

2} FA I A= 2 J4 59

AZre] B4 AEE 2006 109 1299 45x55cm 729 A HE(=Z3
2L, 36%AHE ol gdtgen, JFoldle 2006 12¥15UREH 20073
19 1597tA1¢] 14947 AY 957 A% ofZdA FIHHUT. 534
FRANEL BEEFAPE AR e FA UM EE HE E¥AEE 2
(A% 12mm)e] 10em tA2 2 77] ATk AW 34 AP F+= 2006
1089 A ¢ BAE oFdi HZ gAY RFAVFES 2om W2
g7 UeR] BES o] 85 GA9 vy RE AAZE 437 A%t
2006 11€945H 20073 59714 77197 W€ HZ gA9 Zeo], A+,
A4 9 AAFS 34
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A7 ARAAY F4 ARE 24 Y 13 P4 =T2RY 10mAo)
9 FALE AH FAs] VEAYTS ogsgom, AYGAY Lol4%,
AYaAY & B EAAFE 33 }aau} AAZe 25L& FA 10em %)
3HE WEFAE ol8stel B mP EFOZ BASAT.

o) 7te]2d] 7|zt wE <A &7

20053 69 RE 119744 171€ 9] i}ol% Fi oY dAF R EEFAE
AMBsA, 247 119 F sholaS HAIRE F- 20060 1¥RE] 8¥7A ¢4
AFEE 424 AFTEE SR F 71ol4] 7|3ke] 42t 6, 5, 4, 3, 2,
Y € 7lolde AAsA] e APTE TR APAAY Zol, gAF,
A 9 YA FE SH5AT

al) F4712 5 AAAE 24

2007 1958 627A FAAL F A7 FHZZ) 2R W2 0]
A9PEde 2R AHABEL A=F, az%%, F2% 2 =Wd Fo)
% ojRgon, VY BA0E HHABY FW Vs AR BASYT

3) A9 AxzFE

7hH AAARA AZRFE ¢ AXTH 4

2006'd 10€o] AAxsINA FZG FF%F 50g¥ 3HE AFFE A3
ANRRAE T HSE FHIY JAFETF HstE %7@6}%11:} A7t¢]

AZF AL 5% 100ge) GAS 3utE AP 72 AAs}e], 2=FH 80T
dry ovendl A 24X 7t AZAZ F A3

(<]

W) 222108 A5

20063 1099 A7 FFF 50g¥ 3uHE HPFE HAst] 2227 40, 60,
80 2 100C %79 Dry ovendl ztzt AtAR7E F% wWales 2489 Az
%37 AsEdE Ase S4s9% 374 AxHY F dde] Wis
27337 8 Adde Pzt Qe s|FoE st 7 LxxAYW A9
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W3S 434 (CR-1000, Minolta, Japan)E ©]&-3te] =38t}

4 37 FH9) WY
A2 AFAR 213 Jtoly R PH 2AS EE 5] 37 FA9
Mg 45

4. 37t9] o] & % BAAN Y

7} o] &
1) AZFEE0] TANYFoZ 3% FFHY TAXE &4 2 nXPFd)
X A3

Azte] FZ&Eo] F cholesterol @ A AUALY mX& FFS ZAS)
A3t HFFTERQ rate]] I FHZEHE 2o|E Fodte IAFFE I
B 5F ARELS FAslHA 8F cholesterol @ AST, ALT &4 4%
T B9YAErE wslE FFIPL AR AEE o] L3le AT 2FEH
HSLE ZARSIY. ol AHRES ATTOEN HGY o|fEE A7
IENNAL FEE F AES A

. AA4 B4

1) Bzrkae) AN 24

3AF019e) AYFAL A FRAVLED FHREOET o] B
AUtk e FRALTH FAo) FIRW otE S WF - A4
EA2APIE ol sl £UAY, FEY ALY, $2E UREEAE Ea
3949 AARE EASHY.
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V. 3 a3

1. 37 A e - A SEPAT

7k A7 AAZY e F 5

1) 7AA =] 2R 273

2004 8¥HH 20051d 5¥€7tA HZ AAE AAAGY 2 Wsle 9%
dAE 994 248TE 71 Eton 294 58TE 717 2t QEFEE
32.1-34.2%9 WHAE R4 UdYE F== 8¥9 058 pg-at/LE HAAAE
BRyon, 1295 399 081 pg-at/LE H1XE Ut DIN 55+ 8Y
ol 7.79 ug-at/LE HAXNE JeEYQoH, 399 1631 pg-at/LE H 1A S
YeEGith RAEgME 994 237CE 7P3 B2 F2& yehylen, 244
72CE 713 @At dEFEE 33.2-34.6%2 HAE 2 A3YE 5x&
8ol 055 pg-at/LE HAXNE BHgQon, 394 0792 H1xE Jehpioh
DIN 55& 9A] 8¥€9) 711 pgat/LE HAXE RGon 394 1527 ug-at/L
2 HIAE JEIAh

2) AAT] G R s

AERAY AAFY €9 GA ol 9¥9] 254+67cm=E H 1A Yl
Aerw o|F Ha GA Zo|yRo] FA3dlr] AlFste] 2005'd 1€ 1.9+ 0.5cm
2 IJAXE YAk GA9 3 990 187+64g0 2 ANXE HFon,
189 27:06go2 HAXE YT EAFE 20049 8EHE 10¥7HA
22702 7vF wkew olF A3y AlAste] 2005¢ 1¥€¥E 3971R
0-2702 7} 13k, 4857 E oA F7kel7] A Fe At A= Y AT
FAL 9ol 268+7.8cmE HIAE BHYPow, 194 15:03cmE HAAE
el Atk GA SFL 94 999 232495g0 2 HNAE RYPon, 194
22:05g2.2 HAAE YeRTh EASFE 845 118714 28718 EAFE
Hehliley 12958 HA FaHNen 4958 TA Frksle S
HeERAATE AP B2 9% AYs 2Ax AY AAT 2F A4 AN E
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84E yetgten ALY w-$Ad ML 4T ZF #Fol HAH 2
AeE weAde 282 dEAFAME 147 387 A71E A7
71ZFEd BEEeH, HAdxE AFAME 145 487149 A71E AT
717+E¢ BEH A

. 3% AAZY AEH 54

1) % 2o BE 4%

453 1A% AY ANTY 2= L &5 208 PFUY AIE 12Ee
e 2AY4E 4FFY I B4 Usmon, Jd A% AYAA
FHE §98 Aol 2 Holx gt Aoz vEpth

2) FAd wE B

AF AY AATL AF WE 8FF YAF x3}eA 555+10.2g0.F
Hug velidoen FNF z3to A 523485z W FHAF ZZstA
49.2+78g9 o2 YENt. RAE AF AALY B¢ MF 8FF B
ZAstoA 543191ge 2 HIAE vehlloen JAF zZsdA 51.7:9.3g
2 G 210804 46.8181g¢8] o2 VERTL wEkA A 2o wE
EAY AL WG — JAF - HAPe o7 JFI HAE A Y A
TAA T4 FEE HEI A

3) F- 2% - FFUe BE wjAd FHH A5

BF7] 20E WA AL Y 2 2 25 ZHANE FIxA
AA M %o, A&3F7] ¢ BYdFFIY £o2 vEth 7 FF7
ZZAs A wjeAGe] AL &% 20T¢ 100umol - m? - s7 AN F%
£ H&S Yedth

4 F-exo wE YeHA
259 LERAY 7t $AERE APFAZ P 5 20umol -
m?-s1 ool ZAW 2=o] Hu Lxzde ABgo] Yo 5 Y= A
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o2 YEgen, 221 3 EH‘%* Bl dF& vAY] Hoe ¥ &%
Ee A £E8 2H3e 802 AEse o2 Yk

5) 83 f%5° e I3

83 % 232 349 998 7% 200 mL/min o]4Fe] 274
MRt dojun] olRth EEF fF0] AL 2ANME FAEAMT ARste
Aoz Yegth B3 5r)F0] BolASE Y A= P 28
HE Azte] #olAe A Jehdch

6) #Ao) e FejuA
34 =29 we 349 FUPHL WA AN JHE Fe Ao
wes) dolkom, B4 8 HABe oz eyt

2. Azte] HAWER wFBR A7

o FABYE 0188 WA BE R HEA WY

1) WA WEF) sl

A A WEHE PiSAY FE BFE 1062255800, WEAE
92 Pole B 10mATH

2) 2= JFA vk
AAY =2xz7A¥ AL 20umol - m? - 579 ZEZRZANA ZHolAFo]
714 $-Astoh

3) 2x=xUE HPA MY

A 2220 AFLS 15C =2 A 209.6+22.7me] Htj Ao
ARES et er 20T o9 2EzANME Wl$A7E o ol AAsA
B3e B ol MAE % IAEHT
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L FARHE o] B FAL A% A

1) 37 15599 ¥39 5 Fs}

A7 1g9] FFFL BT 401004268570 2] o g TAHHE Ao T RA}
HA

2) 3RAYCIA Y BHE&=E E5ALY] A

ZEAYCIAY 3AFE 13500 rpm ©|3tE dled EE)3 FAale] BF Hol=
°f 550im o] }oE M2 EFS FAAT wkAE 1 o) FJAFoN EH
FAt A e Ege] Aol BAFHA st

3) x4 At A% B A
Azt Al ZolARe 15TY] LEXANA 31:22mmeE 7P ko,
¥3e] AL 20C SERANA 4.7+0.6/0F 714 2l

4) =214 FIFAE A7 2 A4

A7 BYFALY) 252749 Zo) AL 60umol - m? - 519 ZE A A
3.7+3.0mmZ 74 Eton, ¥ AL 100umol - m? - s18] ZEZ A A
6.5+1.471 2 713 Etrh

3. A4 FA8FH A7

7} QFAR

1) A € EFAe AR

A7 HAFAE HolBE FA3I FALZ Ay B LAy AABA A
Yehts AN T4 FHz ARSI oyt Ay Are) sty AR
3 FAF RoE EEgAle] ARE 53 ALY Ao ®Hrk wE Row
Yelstth AEELS AUl FRuG7IT B9 o] FAM BEAE FAE AEE9)
FAS}E FAL AolZ FHE ARGS YAFToER Sl RIS {QFo
gelg 4 At
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2) AEHEE AF 2 A5EH
7hH 88 g3 HPA A L A5 EH
A A% 2 ABEFHE 7o) 4A] 30d F 1emB FARE A HEAR]
I 1.6710587 e oju] FALe] Aol 0.22+0.07mm JTh.

) A4 9 A A o fRE

A AR 2 ABRAAE Jo]d 308F FA lam 7 FARY £
15.33+551 7R, AL Zol& 1.3620.25mm 181 FA} 10cm G FH
035:001ge.2 Uelgth. metr ALY e =s Blag Y7o Anade
TS o] &3 Ae FAAA B 1548 o9 AH &E&S JehUth

h ABES AXAIZHE EEFALe] ARad
AZAE EYFALY] ABERE FAF lom G FAM F27F 2412 A=
AT 887155712 7HE Ehow, ALY AolARAT FAF 10 cmd]
FHAME 2A12 A¥77F 71 E=0doh

3) AR7AE AF E AHAFH

AR7|AE BFA] AAEE B 99 o] FALe) & A EY 18§AL
363MAF & FALe] o FUehe AS BYor, FAKY] ol 1.30~1.33mmE
g ApolE BolR gdsith

1) AFAS} Bel5Ae) ARLE T

AR MBS B5 ws-Ads A
gahs 7892 AEAZL #HEHM, mxo £8%E AEE 100m F 50059
&2 FA @9 mT 5g(FFB)°l 285 AR Ykt whd FARAS
ogd BIFA ARE GAW oW AF o= AJNE ARE ¥ &
Jom, Bz AL8FS AEE 100m T 200ge] HILE A T mY 2
(FFB)°] 28HE ZALE eyt AR JEAL =gGA F2HAE
10-15C o, £FAS] WAl F2EHAE 1025CTE FEARTY &

st A7) ZFEH Aol Haxd

J
Z
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A% W97t Wol TN BF BIFAE AR ol HAALPH
B A4S AAR 2P B4 BolA e BEA Ao Yehgeh

5) MBS AUl @& sto)d] ad

AW ¢y i SA57 60-180€¢1 7, 8, 9, 108 2 11¥ AR AFPFM=
7tol 2] 60 AFFE HAPAAZE FAHY] AFeLAch. ¥vA AU FLd s
3042 12€9 AE AFFAME 7tol4 3MLEF AHFFEA FAHH AF
Rk wEhA] BEARe] ARAFHE 695E 129714 AF7T BFE ks
Aoz Yeigoy R mE AHPA Y AFES F=317] A 795H
118747 ABE &s53te Aol 74420 o2 Uit

6) A4 7ol 4 =1 3¢

ol Fodsle A= ¢ 20043 11¥8 149ToAN HA gAs7]
AZste] 200513 39 HAXQ 87CE Uehen olF FHA F7137)
AAsle] 89 234CE HIAE Ytk BAE9] 7% 200413 1190 17.3CE
Uehiglon ol& Azl zrAastz] AFstel 20059 399 91C9 HAXE
UepRlen, o]F A F718tr] AFete] 8o HuXQ 195TE HAH
drusle Ax] AFdxE 2004d 129 FH1AQ 336 ppts JERAR
on olF HA #FAdEA 3¥o] HAXY 304 pptE RIY. ¥H HAXE
o} e 20048 129 7HF @& 315 pptE B o]F HA R =7
Z718k7) Nt 2005 299 346 ppts UEHReH olF A FAishe
%S Jeidt §&34 @ AVHEEE A=Y RARE oJF oA
F& Aolg BolA Fpon AR WE HES Yehiith Ax o
A7 AL D9mT 5014141 kg/mE Yoy RAx oFe F¢-
7.45+2.08 kg/mE ERO] o}F ZAYE At olE HYL)

. 7ol
1) §4 2 FAAAWEE soly £ Wla

ARAG BelsAt AR T AYT RE AR AF FAZ A%s) A%
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son, duud AAAFANA B upeh Zo] MY dd ¥ £
FALS] A FLSA FAR AR sheld 50d BHAF HAPFAI 5
at7] Ao, HA AR AP FAME FAF 10em B AHFA Y 7F
77515 AL, EHAFA AR AFTFAME FA 10 em T HAHFA 9 ¢7}
83+15/ 2 Yeht &AL AR AFToA AP FA 7k vk gL
o2 Yehyt

- 2) 7ol 7z F AT AR
7h 7ol 717t F & 2 539 W
Zbol4l Ag 7T Ad A9F9 HIEFEL 166CTHeH, 109= H
220 200TCAA Azl 4slr] AlFste] 7lol2] L7 1249 Z¢& 133T7H
A3EATH £4E $£53%FY W3le 1195 129714 B35 2 5449
Fgel AR FAAde ZoE JEn.

p!

) ARZAE FFe) ARE B TelH A
FAF 10cme] FFL FAMA 71 ¥ 0.382+0.200g0.2 JYEhgon =Y
21} 18FALel A 0.077£0.009g0.2 71 ZAgtth wEld A7y AuridEe
ZAte] H7Ao] 212+017mm¢]l FAF R} 36FA} oo E7]E Algdte Ao
A2re] ARE 7told &7 WA 543 Aoz e

th AEA] =&A170E 7o AF= E sto]d] A
APEA 9 doje 247 =& AP FA 7.07+1.74cmZE 71 AUoH,
A =EAYFAAE 71013 60LF7HA AP A7 deHRx gt
metx] BEFALE ARE W wjdrzed €A ABES =EA7E ARt
et JZte] AFE W Jlo]d] aFe) IS FA HEEZ, FEFALY ARA
2A179) =Fo] HFE A0 E et

2 7held 48 A4 AFE ¢ slo]d] aF
FA 05moA FAM] v FAL Iam3 13731265702 48 AJTE 71e-d)
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M gten 4 Frld wel #Ade AE%E JERT, 4 3moAe
ZAF 1em3 A 71 3974157700 B33t th wEbA FZhe] AR shol4
FA4L 05me] Aoz Yet

ul) hold A7 Hzhe AFE E slo]4] AFG
8ol 7lo]4)g AAE oF 508F ARFAY AdEE F=2F F Aoy,
99 Jlolae AFsid 604F 1) 1080 7Ho]dE AlFEE 759, 114
7tol 2l AFEH 90d 2ol Y FA Ede] 28 HE Thol4 713t
7 Reg et E=3 1297 199 sholdE AAde A¢ WlE 12099
A7 olol APFAA 2 o] FAFHA

3) 7kol¥ 712t AP EZAL

ArdA] 283 AFHPEL £ 9Fo = H2F 4F L 7Z2HFY 7 BF
5202 eyttt 53] 9¥dle 847 Caprella®} Gammaropsis 5°] HF
3ta] AAFIE lem 1009 A 0] JEpA Lo AR PolF Fo] WF
starh 0|23 A EY FF F2 119 o]F Ha #AAde B UE
Atk BAE AFdME F 759 HHYEC] SR o] 7HH HEF
323 7|8} BE 4F0] 28U 2AE AFgME AxF oA ulEtd
¢ e $9 SHAHYE] FANALH FHA HAAZ ul§ AU

= )

1) A3 ¢4 A% =3 v

o} Feushs A ool 19 HARA 75T 69 HojXY
172C R, RAE oAZAdAxE 1€ HAXA 93CHew, 69 HAYA
174CH. §E¥AsE A=d A3} Edx oF 25 320-336 pptsh
32.3-33.8 ppt2 W3] Fo] A yEhtA FYth §EU4E R AVAEES
oJFEE FAE WE AEE UL FF XolE HojA adH.
zre) FA oFA FAITE T K42 0.17-040 m/sec, pHE 7.58-7.92,
XA 42 1me FEFFL 942-1454 umol - m? - 57, QJAEY FEE
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0.621-0.779 pg-at/L, T84 FEE 6.754-9.621 pg-at/L AL, o5 7
2004 Bzhe] FL vy Ao o] FoFTh

2) ¥4 717 F A7) WA=

7 448 A3 FZY] AFA=

Az R A AFFEAY T2 293 Yehr] Ao 3Y3E
EAE A7) AlFea 5938 w2 A Ao|gAe] o]Fojx HF ol
151202cmol] 23lgoH, =872 8¢l 502+1.41 kg/me] AAHFE BTl
HAS ofFaE APFAY 22 195 vehr] AFste 2437
BAE 457 AFsia, 387y mEA AolgFo] o]FojA]7] AFate
B FZo] 164+6.3cmol] ZalFon, $87]2 8o 745+2.08 kg/me] AJak
& HHTh

W) 74 - A4 HE ¢4 525

A0 23 HFAE ABF F$- 20059 8¥o] FFL 21404 cmPoH
AAFL 0811041 kg/mE HEMAAT. FAAH o EAFAE AET
74% 20059 8¥ol| FFL 201412 cm oW, MAFE 7.45+2.08 kg/mE
Uetio] Ao ma A% 9 ALY zpolst wie- ZA etk ey
20079 FAHARATAS X 33F% 2ol FANAR TN A EF L
2007 69 7 67415 cm % 7.1+15 cmE §FAMS AFS JEhgoH
AArFE 34849 29 0401021 kg/m 2§29 A¢ 04510.25kg/mE
Z AolE HolA it

) #4008 A%E 2 3y £
(1) ANFHNAF FAFAE A= L FYED
54 2m AYTFANE A ¢4 159F FAGATE @A) AR,

G 04T EA7T AT AFERI, FE 1208F 0] 119408 mm=E
HAYAE Ve A
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() FNFR71F FEFAE AFE 2 FHEH
F3 90LdFNE F4 1m AFFAA 97 233:34cmE HHYAE UEHA
Ron 4 3m AYPFNA HAXQ 142:21cmE JEMNITE A PR
%A 90¥F 4] 1molA HUXQ 7.22+047kg/mE YERI}OH, 4] 3m
oA HA A2 1.03+0.25kg/mE ERA AT

th &8 wHd AE 2 g4 AR

FAF UHHeE 7] AHE Y AET7 A Y 1209F YA FF2
32+05cmz JEGo™ 271e g APFTFY AL 35:01cmE JEtoH,
AL 171g FA AFTFNA 0360.17kg/mRAaL, 2715 FA AP TFA
0.37+0.06kg/mZ e} TE WElA FAZAI 710 FALE 7MY e 271HoR
G4 AAdske RAe FG GAY Aol A Sl #ef’ Aolrt glonz
FALE vigvte g Aditrate AAFdE zolrt fleS ¢ & AT
AYG AFFAMe F4 248 AF A7 olv] Aol 53:1.8cmBALH,
S 1208F 0= AFo] 19.2+1.9emol EE3IRNA, AAHHFL 55140.21kg/mE
e A

2} 7toly 7|zt e FAH B3} £4

7ol 4] 7]zte] 180¢ % AP TolA e 39FEEH AHAY FAo] veh}y]
A|Zste] 79 B 17.2+88ecm@Bo AAFL 6.20:2.81kg/mE  ESTH
7tol4] 712 1509 AP TFAAE 2€ HHEA Y Aol e }r] Al FEtd
799 A 188+4.5cmP oW, A FL 6.43+1.68kg/mE AP FE 7}2-H
AW E YAt 7Feld 717 12097 909 AP FolMe 2F 2499
HgA)e FAo] YelG7] AlFsle] 790 ztzt G 145+21cm 2 13.7+4.7cm
E vehilen, gareke 7kt 5644057 2 4.76:053kg/mS JERR AT
7tol4] 717t 609 E 30U AATFelXE HHEALY FAo]| 5¥4 Yehtr] Al
slgon Exo dALe 7o vehtr| Alzrstga, g Zhzb 318+0.12
2.04+0.01kg/m< JERARTE 7104 0d AP TE AEF slo]d S AFsan
FA BEGAES AARE 23794, AEAY 4L 547 E A AFE
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Fom AAFL 153:0.01kg/m=E 7Fo]2) 717+ 309 AP T} {7 Aol
HolA FYtt.

vl FB71F AMHME A}

Aseoy 299 HHANEL $ VFOR H2F 13% 2 FEHY S5
58 4502 UEth AEY @it ZeeBedo] 198y AEHos
Zdsiden, s 195 4971 a8ln FEAEs 395E 69714
Azt F7tsle AES JeRIUTE A= ojFdAe wde B3o] wgkon
7Fol4) 7]Ze) Hlsle FHHAAES EPEL FHE Ao JEHYL RAx
JFoA 28T NHAYEL = 15202 HZH 13% 2 JEBEE 220 T
Yelglth B4x oM 2F ATl 483t FAle) "WHo| RIAFHA=
gorov 1945 489714 Autefe] Bo] wtow 44¥ olF 6971A 74
Zute) o) MES7 F3%4)

3) A7A9 AxFE
7h AQAxA AxFE R AXTHF 3
Rzte] AZSFE 23S 8ty dry oven(80TOA 24417t AX)L o]g3}o]
AZFE AT A 5% 100gS VFo= SI9S o HF 582 51320.32%
2 YEst.

W) £5zxAE AxS5E
AZx E7t 3RS A7 gAY AuFREFL v ma2A gade
AL JENQ.LH 40C ZAAAE 24417, 60T ZANAE 1247, 80T
ZA4AME 6A1F 2 100C ZAAE A1l FAFEFF 10% ©|38t=
AzxHE Ao Yeth

4) A7 FA 9 Wiwd
A7) ABAR 225 sjoly L Py 21 TEANA J7 PN AL
3Tk Wzke] Flold JRRME B 4L 05mEFFEE 9244132 ymol mi’sY),
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7% 71 = A AL 2m(FF B 248+116 pmol m’s™) B FI|%A 713t
s 33 1 m(FFFFE 6324266 umol m’s )2 ZHAFo =N FLFQ
F2ol 71—36}9514.

4. 379 °o]¢ R BAAL Y

7}F o] &

1) aFEEc] ZAYFLE AT Y FARE &4  ZAEFI
A= 9%

F¢] Total-cholesterol®] 42 #A/w°] 5525+10.94 mg/dLE teld whH
SAYZETE 191.50+63.98 mg/dLL.E FA ZF7lstQda, FA4FATEL mg/dL,
132.50420.34 mg/dLE UHElgten, 85 FHAEY vEv AT, sHHET,
AF o] Z+zt 54.7510.87 mg/dL, 61.75+5.19 mg/dL, 42.25+6.55 mg/dL]
AXE YEdo] FGFoFe] SAUZRT ve] e FANAY FFE
YERH S HDL-cholesterol®] A2 A9, F4T 24.25+2.63 mg/dL,
SANERTY 39 13501129 mg/dL, HZFoF 18.50+2.38mg/dLe] X &
e 131, LDL-cholesterol A4(9.500£1.291 mg/dL)ol| Hl3] ST
(1001 25:2744 mg/dL)elX 4% Z7IE JYehlden JAFAFL 6750+
4.80 mg/dLe} BAXE el o] HZ4FHTo| LDL-cholesterol®] A &I
el Aoz #35d

Aol e] EF ASTFAE 131.50424.80 U/LE Jehd v, Y=L
oA X 9517520480 U/LE F4% F71E RA3, 34 F979
ASTSXE 721007333 U/LEAN, SAUZRTY ASTHIHRT Fo4 s
ZaE WD EF ALTY W33 ATolA 42251031 U/LE
Jehgon, AR TL 180.00+17.72 U/LE EA3) A Jeyton Iz
EdFoAE 1595043126 U/LY XS Uelfo] GA] SAg=Te] Hls)

2 fFIEUE T4AE YT

AYEE XY 24TF stE FAAAQVAES o83t #FT A,
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SAUETZANE 3712k nAHe] HAZ AR 7 2H9 Wyo] FyshA
e AZAN AR F4¢ Y & AU 9E JATgFe
AZANAY AgERY EHo] 4IF ALTL HelFYT

dqo] Az e A= A= AL FAT 4 AA o3
A%E ¢ B W, A5EEL 2AY Holz A

TAYFe 2 A AQAUALY o4e AL FR BARAY A54E
JeRA e

. A8 24

1) A% BAR £4

AZ4F B AL 1,008 71F)e &AL A FoeSdY-2 50,0004 4R L,
A= E X33 AAHE 17360ALolAth FA5L 386400 Yo E
AELL T7B%POH, £AEL 32640002 0]YLL 6528%0) I
A4F R @ 25 AN ALFEAYLE G 599
34.72% 5 ZAA I, mWEREolYE&S HI 65.28%FA . TEALSY UE
MM AAduZE 20% AT B FHo)s HEEL 58% FAM, TR
A% dlEd =olYdee 31% F7HE Tk

ALFAAA [1005 () 71E]19 &AL A F8a5912 60,000 AR,
A7=EuE ¥ e 243000940 F458 437003802
AEEL 7283%FoH, A5 357000 YR o]Y&L 595%° 2T
AZAZE AP dIZ F5EH AN FZASAB ARG F 59
405%2 AR, WEAEo L& H 595% At FAQie wAE
FEAoA AlAduZt 20% AT A9 F2lolE WEELS 41% FAHM, FH
At e o) gL 28% F7HsIAh
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V. @70 3] 28AE

1. 7| &
7k 71€3 &9

AzFAAge] G4 FHAPAES) 2SFHE AT A¥AARY
AzFH BAEY FAVE Ade] AEsT Ak FFe GAt Zdos
FHE AP Bl AT Yol JPYFe] olskn, AuEiFNAE
Bolse] golshl YAHE ABHE 54L 2 oz A7 Holgon
P FAL ol &8 NFY ATFANFL AAHA gt dvHoz
AxFe TAY FEol AEDL AHAY AL FH TEAY uoke 7
B9 JRANE BY FHAL L PPyl urh 2 FHEI} Sac
Hzte] AMFALE o83 AFEHAAIY(Yotsui and Migita 1989; Park
and Sohn 1992)9] 712ATFE B7e FAMH o FAFNY HEHL
ANHAT. £ ATNAE HYHLE we FINE AAH, 39, ¥,
P4, B2 d@ A2F PAEE Bon), RIFPY Fasol Houw,
8 WRAI ABEZ SH0IF) TEAH FU Tl Hold A U
A N FA7I2d Bad AFFEAN, AU, sheld, Byl
BezAL FHHEZA AF AFUFFNY J1&H EdE ol=dnm
were,

2 A7 713 SHS 8%3d

A, Fzte] YEBALS Tt SAFHY dFAEL FRHT

4, A ATFTEARNE Yoz 4o dIFFHIE =Stk

A, AR ARuiF, 7told, 4 2P1E& sk ol HIxAS E&F
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SUMMARY

The marine green alga, Codium fragile (Suringar) Hariot, is widely distributed
in temperature areas throughout the world (Silva 1955; Silva and Womersley
1956; Yoshida 1998; Trowbridge 1998), and is eaten in Korea, China and
Japan (Abott 1988). In Korea. C. fragile is an attractive seaweed species for
cultivation because it commands a high market value compared to species
such as Porphyra and Undaria (Sohn 1998). The alga is an additive of Kimchi,
a traditional fermented vegetable. Small-scale cultivation of C. fragile from
natural blooming zygotes has been conducted on the southwestern coast of
Korea since 1987, but the success of production by natural seeding has varied
due to annual variations in environmental conditions. Hwang et al. (2005a)
reported that the regeneration capability of C. fragile could be a more reliable
method for producing seed stock than reliance on wild zygote seeding, and
they revealed the conditions for the artificial seed production and nursery
culture (Hwang et al. 2005b).

Codium species have two morphologically different thalli which are called
spongy and filamentous. The sponge thalli contains numerous chloroplasts
and an inner structure of intertwined colorless medullary filaments (Arasaki
et al. 1956; Borden and Stein 1969; Yoshida, 1998). The filamentous thallus
consistsof fine branched filaments. Filamentous thalli have been observed in
the field (Arasaki et al. 1956; Fletcher et al. 1989; Borden and Stein 1969;
Prince 1988), and are formed from isolated utricles, medullary filaments,
zygotes and parthenogenetic female gametes of the spongy thalli (Borden
and Stein 1969; Ramus 1972; Yang et al. 1997).

A number of inter-related factors impact on the formation and growth of
the spongy thalli, (i.e. irradiance and water movement). Water movement

plays an important role in regulating formation of spongy thalli under
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laboratory culture condition (Ramus 1972; Soeder and Stengel 1974; Park
and Sohn 1992). Park and Sohn (1992) reported that the critical irradiance
for formation of spongy thalli was over 3,000 lux (ca. 60 pmol m? s7).
Nanba et al. (2005) reported that growth of the spongy thalli accelerated
under the combination of high irradiance and high water velocity. While
other workers have demonstrated the importance of irradiance levels on
controlling life cycle of C. fragile, in the laboratory, there is no information
on optimal irradiance and consequently optimal culture depth for the key stages
of C. fragile cultivation in the field. A full understanding of the relationship
between light availability and C. fragile light requirements requires site-and
species-specific information.

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

of C. fragile. The results are followed:

1. Physio - ecological characteristics of Codium populations

Environmental differences were surveyed at the two localities of Codium
fragile, Bogildo and Wondong, where their populations in Wando, southwestern
coast of Korea. Fluctuations of after temperature, salinity and nutrient content
were recorded in the two experimental sites. Bogildo is faced to open-water
and Wondong is intertidal region close to land. Length growth between the
two populations was not significantly different but weight of C. fragile in
Bogildo population was higher than Wondong's especially between summer
and winter. Gametangia production was observed during whole year between
August and May in the two populations. However, immature gametangia
was observed between January and April in Bogildo population. It was the
longer period than Wondong population, between January and March.

Physiological characters of the two populations on irradiance, temperature,
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light quality and photoperiods was not significantly different during indoor
culture experiments.

Critical conditions for morphogenesis of C. fragile was irradiance more
than 20 pmol m?” s™. If the condition is fulfilled, temperature was accelerate
the growth of erect thalli from medullary filaments. Water movement was
also important factor for the morphogenesis of C. fragile. C. fragile needed

more than 200 mL/min of water movement for their morphogenesis.

2. Culture environment according to the reproduction methods

Experiments were conducted to reveal the conditions for artificial seed
production of C. fragile by sexual and asexual reproduction. Growth was
compared between zygotes attachment (sexual reproduction) and isolated utricles
with medullary filaments (asexual reproduction). Zygotes and isolated utricles
with medullary filaments were cultured under different light conditions
(10, 20, 40, 60 and 100 pmol m? s7) and temperatures (5, 10, 15, 20 and 25¢)
under 16:8 (L:D). Maximum growth of zygote was 261.3:21.0 m under 15C
and 20 pmol m? s? after 13 days culture. Maximum regeneration of isolated
medullary filament was 8.14#1.7 mm per one isolated utricle under 20T
and 100 pmol m? s™ after 15 days culture. After intermediate culture during
two months in the field, morphogenesis occurred in both sexual and asexual
reproduction, and growth of young thalli was not significantly different
(r > 0.05) between the both reproduction methods. Even though seed
production of C. fragile is possible in both sexual and asexual reproduction,
the mass artificial seed production of sexual reproduction is much more
effective than that of sexual reproduction that is too much affected by
maturity.
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3. Artificial seeding and cultivation

Experiments found optimum conditions for artificial seed production and
nursery culture of C. fragile by asexual reproduction. Isolated utricles and
medullary filaments were regenerated to erect thalli using both indoor and
outdoor culture experiments. Under the indoor culture conditions, irradiance
was an important factor to control the development of erect thalli.
Formation of erect thallus from the isolated medullary filaments in the
indoor culture was induced after 30 days under 20°C and 60 pmol m? s™.
The detachment of isolated utricles and medullary filaments from the
substrates of seed strings was reduced by exposure to air during 2 hrs
before the indoor culture of seed strings. The maximum growth and
development of erect thalli in the nursery culture was induced at a water
depth of 0.5m. Depending on the substrates of the seed strings the growth
of erect thalli was not significantly different (p > 0.05).

Experiments were conducted to reveal the optimal conditions for nursery
culture and out-growing of C. fragile. Sampling and measurement of underwater
irradiance were carried out at farms cultivating C. fragile at Wando,
southwestern coast of Korea, from October 2004 to August 2005. Growth of
erect thalli and underwater irradiance were measured over a range of
depths for three culture stages. During the nursery cultivation stage (Stage I),
growth rate was greatest at 0.5 m depth (0.055 * 0.032 mm/day) where
the average mid day irradiance over 60 days was 924 + 32 pmol m?” s™.
During the pre-main cultivation stage (Stage II), the greatest growth rate
occurred at 2 m depth (0.113 + 0.003 mm/day) with an average irradiance
of 248 + 116 umol m? s™. For the main cultivation stage (Stage III) of the
alga, thalli achieved the greatest increase in biomass at 1 m depth (7.2 *

1.0 kg-fresh wt./m). These results suggest that the optimal growth at each
cultivation stages of C. fragile could be controlled by depth of cultivation rope.
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4, Utilization and Economical evaluation

To examine the effects of Codium fragile on blood cholesterol and lipid
metabolism, hyperlipidemia was induced in experimental animals (rats) by
administering a hypercholesterolemia diet. While administering Codium fragile
powder for 5 weeks, changes in blood biochemistry, such as blood cholesterol,
as well as AST and ALT enzyme activity, were examined, and histological
changes in liver cells were evaluated using an electron microscope. The amount
of total cholesterol in the normal group was 55.25+10.94mg/dL in the negative
control group, total cholesterol increased greatly to 191.50+63.98mg/dL and
in the Codium fragile administration group, the total cholesterol was
13250 + 20.34 mg/dL. The blood triglyceride concentration in the Codium
fragile administration group was lower than that of the negative control group.
Regarding HDL-cholesterol content, the normal group was 24.25+2.63 mg/dL,
the negative control group was 13.50+1.29 mg/dL, and the Codium fragile
administration group was 18.50+2.38 mg/dL. For LDL-~cholesterol, the negative
control group exhibited a rapid increase compared to the normal group,
while Codium fragile administration suppressed LDL-cholesterol. The level of
AST increased rapidly in the negative control group, while AST in the
Codium fragile administration group was significantly reduced compared to
the negative control group. The blood ALTof the negative control group
was markedly high, but the Codium fragile group showed a significant
decrease compared to the negative control group. The histological changes
in liver cells of experimental animals were examined by electron microscopy.
In the negative control group, degeneration of hepatic tissues was noticeable
due to consumption of a high lipid diet for a long time, and accumulation
of lipid droplets in the cytoplasm was observed. On the other hand, in the
Codium fragile administration group, the accumulation of lipid droplets in

the cytoplasm was substantially reduced, and the degeneration of hepatic
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tissues recovered to resemble the normal control group. In summary, these
results suggest that Codium fragile is a candidate material to improve lipid
metabolism abnormalities caused by liver cell damage and hyperlipidemia.

From 100 set of installation (100 m of long-line culture rope), 100 tons-wet
wt of C fragile can be produced. Total sale of the production is 60,000,000 won
and production cost is 24,300,000 won, thus the net profit is 35,700,000 won.
The profit rate of C. fragile cultivation is 59.9%.
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o7bel 4 714 &Y 0% Fold A7) B SHaANE A 22 7
o e | 0% 7 A9 o4 Be) 2 7
AR PEE oo o Fol4 B AAY B
G006 1 6 olg et a7 o7lF B olg Wt AT
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M2z =uiel 7l g 2 nfeprjsdE

A7e Z2HEF 34EA 31 F FAE AT FHuo] i 4o
2T A4E VAR A E o|Fa jdoH, 444 dex ddR Fe
AdE7F GA] A= FAAA2A 0] &3t A dojve Folth(Kapraun and
Martin 1987). o] AZe] WRTFx7F dFAFo] &0l X3 FAIR
TAH Qe Ao, AzE & EF AFo] FolAe A=
Aguj o= #3135 (totipotency)©] £-o|8tA HHE 7] wFEo]thPark and
Sohn 1992; Ramus 1972). =3+ Nanba et al.2005)°] <J&A HFzte] FAl=
GAHEY] GIAE Xg e FAE] Wi S35t FELS @547 £
H 4340l FZ4e GA A o] 71de] He EHolFg &3 HDring
1982). YEME Yotsui and Migita(1989)7F XA ABE FALE o] L3
F2o] FMeds ARAoE 4FT AWV UANeY FUHAY U A Bd™
AFE o]FAAA &gttt FYAME AN IFE T3t AT FZ4
FHPAHL o]Fd o7} 3] =B, Park and Sohn(1992)9] 2]&}<]
Add BHFAIZEEH @48 A9 FHFAH o] FHEHUA, g
7VeRE BAAT @A7A A4 dF e #E Bae AT ot

AZte % fF8AdE Bt A dZFEAS AT FH7IHel A
Hol YA @o}, AdH oz ¢ AHE RIAH HJ4E F£Eele AAANE
&gt 18y AAARE AXTAEY 3, I T A 8L
A FFE L B ol F4 FGAY A& AVIHoE FHAFHT AAL
EE TY A JAAE A&5EY Zolrt AX FAAY ATAEE 7
3l7] gt A7 T EE FEFAE G FRE AN AEiME
FAIZEE G4 7(primordia)7t FAAE Y GAZ Aeted 8 wg
z2719 IR FAE ARV ZA FHAF7] 94T dF AFAE R 7poly
Z79 g0 Futrojopt 3t £ AFAAE A dFUdTAESG
Fo] 83 Ant =1L FY3A.

wetA o] ATE B3 A7 AFAES dF ¥4 JHol FHPLEMN,
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T 2R 2 FFY thiste) sz ¢ Adde ASFUd 71483,
At B3 A3E A% AT sFEY FTE R HRES AAE 5 A HAok
0] 3 AT FF424+85] A2l Hwang et al.(2005a, 2005b) 5 2% <]
A7 =% Journal of Applied Phycology®] Hwang et al.(2007; in press)2] 19,
Food Science Biotechnologyol Fi%¢ 1H F F 499 A7 TiEL=E F1
Hon, 279 e dE S 379 IUte=i UR, 119 5355
AAE AFA =3 20079E dE ado)A AHE A19% International
Seaweed Symposiumol| A H-$-4 EAH=FEAS FYIEEXN, HXFEE

ko] A FEE FAHZ AAEA HAU
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H3d A-ldsrd Us A

A1d ATALEY e
1 37 AAZS B2 - A SHAT

7t 37 AAZS 494 54

1) WA NAA 87

A7 AAA(@ES 9F, HAR)S) £&, AEE, AN, VY, £33
5o NABAL YUz Aen EAAY

2) AAZY AF 2 A%

Rz AA Y AAH Agol wE FuF A BHe MAX (@RS 9F,
RAE)A 7 7EAAE APA AAGAA o) dF, F% dFF
EZFF), BAF, ¥ 27, WA 34 2 45/FE 9492 Jgod
Sk

U 34 AT Y3 FA

1) % 2% o0& 4%

A4 A9 AR vAE 2 € 259 IFES FotRy] et A

BZ AAE 1om Z7)2 AGF e 1L SgA0) 3:03g 4 5880
z}zbe] £%(10, 15, 20, 25C)9} £ (40, 60, 100umol - m? - s7)Z 7 & ol A
7l St widEet MAPESHIA) Y] n@T AFY] FHL dFd 1HF
o2 AAFAh

2) B & 4%
B e FZ4e] AF R FAIAHES Gotry] st FG gAY ARE
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7HAE 2em AV|E AGE O 1L 239 10748 Y31 $7] (200mL/min)
W stk e (P F3Y), FAF(LED 480nm), ZAFHLED 680nm)
o2 FEIA AP, WFLE 2% 20T, FF7] 16:8 LD, FAl7|
100pmol - m? - s'¢] ZAs AN AA SR FAY 5% Azt QYA <
dole EE AAA Heol9 HEZ Yoy, AFE5HL 2340
A A3 A

3) B - FF7)e W& wleAd Y 2 A

A7 vl A 2 Ao vXe &X(10, 15, 20, 25T), ZXE(40, 60,
100umol - m? - sV) 283 FF7(24:0, 16:8, 8:16 LD)9] A&FL ol n 7]
A3t 36709 Z2FE HAPTFolA 509 wFsAT. Hi ARG FAHLL
Z FEE REERE 304 EE @ AP wl$Adr HEs
103 ol A3t 1 HFLR Yo, wleAdY Asre WA
dolgt & FHFoEN WHEHAL

4) % - 2= ©E FHIA

F - 20 WE EYsAY FeElE A & FFS Yoty fI A=
FE 849 3L 500mL E#236) 835 &% 10, 15 20, 25T, £%
10, 20, 60, 100umol - m” - s*, #F7] 16:8 LD, $71% 200mL/min®] ZAO=Z
HFstaA FYIAH] S BFEHLeH, FAE 9713 £7](sympodial
branching) & 32E H|gA|Zt] @& Zo] F7te SHL AFFHoz A=Y
T oA F - 259 i FHFAHY KRS FFEHAS g 7 FAL
FZREY FEFAHL 104 HFo2 d2dAdel wat F=A1, FYA, £A 9
FHE FESIATH

5) €813 f5o WE FEHBFA

Aztel YIS fFesle FRAAE F9 st g3 &Folnh
£ AFdA A=HAE EFFHQA AFAFL AHzte FYdAH =9 FEZA
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o2 ZE(100pmol - m? - s7), FF7)(168 LD)S} 25(20T) AL EEA ¥
H) %-§-7](500mL)] ¢ 7] %100, 200, 300, 400mL/min)& 2 sl H =12}
FAFE g AE d FHIALLE Fedte QAZ/ZFSE TEEA 3
FAbe 4713 E7)(sympodial branching)E 32 Z ®] ¥A|7be] wpE o]
F71e] EAL AFHo=E AZT F M F4 Fr1F AT FeHI P
IS #BFEAGT 4 FE FAZEEHY FHIYLS 10Y BFHo=
ga gy met AL FEA, A FHE FESAT

6) F4e w2 e P

B e EE5A Ao e TS dolry] $l5) FAZRE
FEE ¥dS 500mL FEa3o] 83 2 FAE QFHojHA &% 20T,
33%7) 16:8 LD, 34 7] 100pmol - m? - s, 7% 200mL/min®] Z#d o2
vl kst AN B[P FF ), FF(LED 480nm), #2F(LED 680nm)]
o mg FHIAHY P BENYLeH, A= G713 £7)(sympodial branching)
€ Sn=E wFAIgd dE Aol T S L FAFHOE ASY & oA
Zh A Ui FeFHY FEUNES BAHAT. &4 FE FAZHEHY
FHFEAL 109 BHo 2 gy et 54 HAEA, £A9 FHE F&
&tk

2 7ol AAEd g a7

b FRANE o8 WA FE R AUA NG

1) WA WEFe) HFs)

A&8 e MR B3 A AARH BE 48 AEAA Bl
Wte) 48 A5

2) 22704 HAFAY WS
570 ZEZZ(10, 20, 40, 60, 100umol - m? - sM3} 15C 2 16:8 LD2 B37]
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ZA8A HEAZL BZE cover glassE A7 5cmd] BdE petri-dishE
A4 2E23E ARAY e FASAT ZE dFL 3utE YT
AARER e, MR PES WA E AL 3Uvith A w3t

3) &xzx1¥ HEFA wY

47} &= 2710, 15, 20, 25C)F} 168 LD #F7] ¥ 20umol - m? - ™9
zAsto A HEAZE BFHE cover glassE A7 5eme] FdE petri-dish2
&7 Z2E2E APAS 43S FHSAT EE 49E s A¥TE
AAstygon, vlA = PES MiAE AME-SIA T 3Yvich A wadstdch

U TS o] &35 EE A oF A4
1) 3% 1g5%F X3 & A3}
A7y gA 1g& 10mLe] 35 Wi XS dMeZ Rt 1mL 3532

458 AFHA

2) ZRAYVAY A& Bt A4

FRA Y] ADI 25 basic, GMBH & Co., Germany)E ©]&3 Fzte] A}
e 5% 1 g9 AL 4AE 10 mLe] FF3i5e ¥4 449 sA&=E
(8,000, 9,500, 13,500, 20,500, 24,000 min™)& 30& ¥ B3I ¥}o] ojs}
FALe] ZojE A3, 15C LE2AF 40umol - m? - 578 ZEZZANA
547 vkt & AAE T3 FE SHIAC

3) 2=x1E B 4% 2 AR

4N LEZA(10, 15, 20, 25C)F 16:8 LD} #3F7] 2 60pmol - m? - 579
2RZE '6}011*1 TEaare A% 2 AYE ARG EAFAE AR
=42 g x7)dE AL o2 =Fsgor}, wg 3UFIREHE B
A Aete FAe 544 ZAolEAo] TdEE JAE ¥ FE F
SHth ZE 482 379 5YA petri dishE ©]8-3t 39+E APt
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4) 2214 2T A% # AR

47) Z=ZZ(20, 40, 60, 100umol - m? - s)3} 20C = 16:8 LD #F7]
zAsteA A A R ARS FAAT EHFA AT 53
WF 27ldde F£AY] Zolg FAstgov, Wid 3YFHEE BT
Aehe AN B4 ZolSAe] Tdstnz AE X £F SAsATh
2E AYL 3709 Y petri dishE o] 434 3ukE APsioh

3. B2k FNAY A7

1) A ® EIHFA ATAR

A AYAE o4 YA ABE 20053 8Yo] WMo, AR
(45x55cm, ZHEU 368ANS A7E 1me] A¥F=E bigd] 23 HRE 1E
500ge] < ExE ol AREH YSEZE Wt T3] HolFL air
THEAT. AREL A5 QA7 Hotkd 9 74X 25U F4A F
APEEE &4 £HLE Wdstd AAAHF R AQAFL 202 FEAN
ol &t 3

EE5Ate] ARE blenders ]88t F2z+ HA| 200g7 34 500mLe] Hl&
2 X33 FA £ 4E AFete ARES £ @7t FAREA F
AW 2E &7 £H2.2 Wdstd AdAF | AdyS 21002 W
At

0t ofl

2) AEwEd A% 2 Auay
7H §A8A A o HEA Y 2 AHEET
Aed A7 mzxz25Y e a2 Ho o5 wEARA= AFAE
7149 AR3t FAZA4 N 9% HPAY Y 2 AEEHAE v Hoh
A B2E 20059 79 AY 957 95§ 95804 AMAsPgon, Ag4=
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A dasiFdA 43 AHFT F 15T YgaolM 197 FgA F
H$2 &S FEIAT A4Eze 2832 FA 1mP 5g A= HIE=R
dgoen, JEEL 45x55em(Z B EZUAL 36FANE ol &3ty HEmz
ABES WZol Fob WEE WAL At 7120 RS sploH,
B4z 432 1IL/min2 §A3 AT FEAY 4 2 AR a9
L FA lem B FFE JF{A F9F Zol2 SH3IA

Wi
fo 4y i

)1

) 4386 og ALY A 2 AuEd
374 4Ae ABET FA19) Fo] 1m F 2g9 HI&E Hand blender(MR
5550CA, Braun)E ©]&-3l9] HEFALYE A 23Qth e FAIY HJRES
@7t £85A] ARE AAEReH, 7124 ARE EHFAY] AFES
ABERE vnstgth. £85AY] A% 2 AREHS] FAHL FA lem 7
F-2E FA] F29 do|2 AR

th AEES] ARAZE EE5ALY] ARaFH
e FAtde] ABES B7F AAMET F wdezd ¥7] A A=A
0, 05, 1, 2, 3A7HE EFAY] AFES ABAFAE vasPo. A=A
A4 BEgAe A% 2 ABREFHY EAHL FA lom T F3FE FAHY
o} Aoz &A AT

Pann

4 by

3) ME7AE A% 2 AHRaEH

a5 AEA AR AY @2 1834}, 3634 2 FAQYE FEEFALY
AREe ABEFAE ¥R ZHEZUAL 183 e I 1.43+0.12mm$]
o, 364ALE A A 212+0.17mm 28I FA= A7 4.50:0.38mm ] o}
Zt Aqurdd Ee$Are AR 2 ARade FA lom F FEFHE FAH
a9} dolg FAH34rh

1) AR Bl HRES W
At APAE 0]L3 HAEAY MEE 20053 7924 HAAFFHoH, AEE
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(45x55cm, FHEY 368 DS AF 1me LP5x ulge] Zx ARE 183
500g«1 A& EZE di ABRER HEEZE WAdot T3°] HobFya airs
TR AEELS As GA7 Sohuzd W 74A 2743 FFAD F
A}Z}—’Féi &4 FHE wWdsted AdAE R AdFL Ao WFSA
E2$ate] AHRE blenders 0|83t HRE 159 20057 35 500ml]
&2 ¥ FAF YRS AFEt ARES £ /7 BAANBA F
Attez2 §A FHoZ Wdste AdAF 9 AdFe 22 FRY
Aot
AR £tz AJuE AEES 7ho]42 20059 8AHEH 9= =T
gutthe] AR oA dFFitA oz ook B FHL FA 10cmE
3N At 5% S48 AH

5) AELT AN Fdse & rlol2 A

20059 695E 119714 wld 225 AEE AAste Uil dsx
ol wjFd F 20053 12¥€0] A 4= HEE)Y F2oFe 24 05m
oA 7lolal& HAIEH o, 2006 128717 A¥o] FHHJth AHA 7]
zto] M AUl 448 Jlol AFte] 42 Told JF AR AR
ZAt 10ecmE 344 ADdtd F53%FE SAAT

6) A3 7tol 4 =4 vt

A 7tol e A=A ot &, DO, L, &, pH, AVAEE,
FZ3%, 999 Y 84AES Y 4T BZY ofF B 4T =R
Axd olZdA 2004 11€95E 20053 84714 i€ 74 2AHXNE 2UHFY
s th

#4 2 BN Foly A3} Hm
4 R TAPAPAE Stoly BFPE 20059 108 197 129 197K
6097 A FEF SEE AEY FNIFAA FAHYE. Foly F4L
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05mZ FRBFon A &=L 15U Ao E AYPTH 744 FAE
10cm ZolZ 37/0¥ AGsld FA} 10cme] %, A2 FAF == AHIAY
ZolAA & 1emT FAY & S

2) 7kel4 717k Bzl A=
7h 7keld 713te 2
%

./;:
Ftold o BRI AW SEF 4E

S A=ge g7 1AW 27
AANA FsHeH, 7} o]Fo 9 F2, §E44L, L, AVHAEEY
A3l YSI85(YS, USA)E o83t Z2Asth1, $3%4%e LI-1400(L1-Cor,

USA)E ol&3ta] 2455t

) Au7)1AE Fze] AFE F Jtoly &

FeeAte] ABA AE7AE(FHEY 183AL 3634 R BANE E2)5AHY]
Azt ApaEHRE WPt AHE YA 18FAE FZ 1.43+0.12mm
Qom, 36 te A 212+017mm 2T FAFE A 450:0.38mmSA T
7hold] $4L 05mE fAGNALH, 47 B sty &I FHL 159 A
oz AY7E Zzte] FAME 10am ZolZ /Y Dt FAl 10me] FF,
A7t FA e HEEAY 2oAF # 1emT FAH] E SASA-

h AMEA] =EAE 49 YFE & Jpol4 Ay
A AEES B AR F ujdeze €7 A A=A, 05,
1, 2, 3A17HE B FALY A=) ABAEHAE v AT. A=AL =20E
EHFAN A g stol2 age £ 159 AR dYTE Z4 79
FAHE 10cm Hol2 370¥ Adste] FAF 10eme] 57, F2 A Ex AH
A4 ZolAA E 1emB FAY F£E ZFHs Y

2} 7teld F44d A4 AZ= 9 7ol aF
7hol4] AL 20053 10€ 1¥9%H 12€¥ 19714 6047t Ad S¢=7 45+
AT FHoAFNA FPHPoH, BASAHL 234 FAHAH FFFFS
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=245t 3339 578 L1400 Data Logger(LI-Cor, USA)E ©]4-3}4]
79 Aoz 40, 05 1, 2, 3mEE FHSPLH AT 53] S
%o 2 758t ol 4L 2474 05 1, 2 3 3m AFTEE ARE
S FHHoz Adsigen, 3] 4% 8 Jtold Ede FAL 1549 14
o= Z4zte] FALE 10cm Zol2 3744 Hddtd FAF 10emd] T, 324 A
EE AYAA ) ZoAF 2 1em T FAM] £8 FA AT

vhy 7ol 4] A7 HZe ARE B 7to] &

2005'd 795-E 129471A] vl JloldE& dAste zZ+ A@7E HFZ
EE AYA AF 2 Jlo)y adE Sk 4] AF % shol4
o 4L 1Y AR A7He] FAE 10cm Zol= 3714 Hdstd
10ecm?] F%F, 37 FA e AHGAY ZdolAF H 1lom T FAH
£33t

LA

4 o
)

3) 7ol 71t AP EZAL

7tol2) 717+5 7hold) 405, 1, 2, 3m)¥ 4 ABE FAld &8I
B EFS AR AP ES 2R/, 847, 72F R 83 F
FE o]F3on, 15¢ Aoz HHAYES ¢ NE HFS FHEA

1= )

1) HA IS4 A% =4 99

A FAdolFe] 87z A oL &, DO, 9ix ¥ AVAEES £F
FeFe] QAEL AY Id5F BAWE o 2 gxF 95§ A% ojFdA
2006 11¥9%H 20079 6¥€71A wWj¥ 374 2AXE 2UHY 4

2) ¥4 71TF ALY AF=
7H A4 3E HZ4e A=
A 95 BZ29 oj# 2 A= A58 A olFdA 20073 195E



6974 WY Fze) AR AR 9T P IS ARG A=
ZRe ZAARG 308 AYT 239 BE@ge A=At AL FA
10ms] F%e) 30 FEFAE o §3te] BImT EFo2 BaSAT.

W) f4 - FAAAA wEd 4 539
A4 2 FARAHE AP AAARS BEFAY] ARE TR
20063 12€95-H 20079 6971A] G ¢4 RZWH oA HAlsiHoer
ou] FAHYE A7 (20043 12€5E 20059 8E7A)S}F vl E43 )

thH ¥4 FAE AFE @ ¥4 57
(1) AAGAANE FAFAE s 2 S ED

A7 FHARL 2006 195E 59714 44D A 57 =S P4
o) Fo N FAFN0H /)Y FHOE F405 1, 2 3mEE WS
2459 AT 29 2P0 N A9 T 2R PEges 7=
St G 2Ae 2mA 2o 4m olo FAZTE AHEA 7} 44
Wz 2} 10cm Zol2 3AH Muste] F7 FYLAY 59 PolgH o
2AB5E 2gstgon, AATE ZA} 10cme] ZFo| 3uE HWFXS o] &
ste] BYmT WEFO T FAEATH

(2) FAFA7NINZT F3FAE AFE R FRESY

FNFAAPL 20063 5EFE 897HA MUY A GEF SES A=
FH AN FAHNH VHY HH02 F£4H(05 1, 2, 3m)EE AFEE
FA3sit AAE S FHA v 3E YT 49 BEgew 7%
Atk G FAL FH 2xe) 4m 2ol FIHRZE AAEY Z 4
EE FAF 10ecm Zol2 34 ddstel 34 AYGAY 59 do|AF &
EARSFE FAsALT, BAFE FA 10eme] FFe) 30tE BAAE &
3t} @9imY EFo2 ST
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2 4 EE ARE o FY 5

379 BEFA ABE 2006 108 1299 45%55cm 29 AREEFZH
2L, 3683AH)S ol gstgon, 7lo]de 2006 12€915U%KE 2007d 1€
15871A 9] 17047 A ST B2AE oFdA FREATH 58 FAA
AE EYFAE A EHO e FA UM EBe 2719E BdA4E RE(RA
12mm)ol] 10cm HOZ 7] AMSIAT. A §3 AP 2006 1089
Ad 957 HEAE oFdA HAZG gAY FHAVRES 2om WYE F7
e x] BES o]88te A9 GHOZRH ANYFE ESFsr) $I5te 20061
114958 2007'd 59714 77043t vig HZ A Zol, gAF, A E
AR FS SR

372 APFEAY I8 AZ=E SAHL ¥ 13 ¥4 ZEZEREH 10cmZ 0]
o] FALE IHY AFHstY RIEAYTFE ol &3t on, AHHEA Y HouA,
AYFA Y & 2 EAIFLE SAHIAD AAFY FHL FAF 10em FF9
e PR E o] §3td G9mY FESFoE i

ul) 7te]2] 7]k mE A Ax B4
2005 6YFE 11€47tA] 1/ Aol 73 g TAHLE ByFAlE
Audtd, 4 14495 7o) Le AATFE 20060 1982 8977 IA
AFEE 2zt APFEE SHEA & 7lo)d 7izte] 4746, 5, 4, 3, 2,
HE 2 7toldS AAEHA g2 AFTE TESY JAHFEAY dol, g4,
A4 2 AAFE 2389

il FHANE AHAE 2AL
2007d 1958 6874 FPANF F7 FH2L 28 37 ]9
AAPBFS ARG AHIYRL AxF, 24F, F=F L ¥9d 5ol
38 oRglon, UiY BHoR AHYEY 28 Nwsh WATS LA
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3) A4 AxFE
7h ARz dzF
20063 104 AdxslolA F 4 FF5F 50g¥ 37HE AFFE HA 3t
ANDRBE TF H3E A FUFETF ¥slE SAHIAY. HZ9
ATH Z3L 59 100g9 FAE ke APFE HAS S, 2227 80T
dry ovenollA] 24|12t A=A F AT

o

W) R1IZAZA 222 4 FEF £ M)

2006'd 10¥o) A2 FFF 50g¥ 3WHE APFE A =X 40, 60,
80 B 100C =79 Dry ovendlA ZtZt AR H}E FF W3 E 5H3
Az2FFH AA-EEF Ass A0 A4 AxAAFT N9 WIs
£A3317] 95t AAde FZe] Mg yEeR de 7 exxaE g9
W3S 21214 (CR-1000, Minolta, Japan)E ©]-&3le] &34t}

4 37 ¥4 R

32e) AFAR 243 stold ¥ ¥ 2AL =88 o F74 F49Y
MRS A4

4 379 ol % BAN 24

7} o] &
1) AgFEE] AAIFOZE QA% AF9 X &4 € 1A PF9
nx= 9
Azte]l F&Eo] BF cholesterol @ XAhAY)] wX= FFL FAVS}H)
H3te] HFFEQ ratd] 3 FF2HE 2olE FAsly 3XIFZFE FEHAY
T 537 AR LE FH31HA 8F cholesterol @ AST, ALT 4 84X S
dAAsletd Halg AL AAPE AL o] &3ty A ES = 8HF
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MEHE AR °o)F ARES ATTORA A7 ol§E FYSAIIL
ARG 32T ¢ A=S HA

. AR B4

1) B7FAe FAY £

BAFAoige] AGFHL A FRANTET FHREOE o] B4
99tk 379 FRANS FAo] FAND o7tE Fahel MR- 5@
EYZANE olgste] £AY, FEY YA, Y APERHS Tl
A4Fe A4 AL,

_.66_



A2d I72H

1 37 ANEY A9 - AN SHAT

7. Az AAZY 49H 54

1) A XA 873

A7 AT AR F ZARH(2E 1), $=9] 95(126°63 'E, 34°35 ' N)
HZAX(126°52 " E, 34°12° N)o] #AEARS A¥rRd, 45L& JdT a9
Wt $X]8kaL glo] mMgk Ho] Ho] Exd FHEE g7 vo} 283
Hgte g Q1202 RE A 35 9] ozt e Mg AR FoR
ol3l, RATE A= HEZ X HoR FAdE we A}
FAE Qo] FRHEI 3 279 A%l WEL JATOZRE EA 49
ol gle MG daE FHolAs F4sn Yk

ZAAHY L&, 8 2 YY9E s Hsl=s 2 1, ¥ 2, 19 2 ¥
a9 37 k. 20043 8YHE 20059 5U7A HzZh AAE HARH F&
H3leE X 13 Zo] 9F oAM= 9¥9 248CT=E 7 =gkon 294 58CTE
71 23t GEFET 321-342%9 HHE BRI A4 s=v 899
058 pg-at/LE HAXE RHon, 1297 39 081 pg-at/LE HAXE
HehlAth DIN F5& 89 7.79 gg-at/LE IHAXE vehfglen, 394
16.31 pg-at/LE HIXE e AT

HAEANE ¥ 29 o] 994 237CZ 71F & F£2& Ygygon,
299 72T 712 vt GEFEE 332-346%9 HAE BAT A3
FEE 8Y9 055 ugat/LE HARE RGon, 399 0792 HuXE JeERYT
DIN 5 9A] 899 711 pgat/LE AAXE BYom 394 1527 ugat/LE
H1XE e A

A 95T RAE A9 47 yigs s Agow FEIS B &
Fon, 27 29} o] 23 FETE Wil UHE AT AHo] FQ
BAE A9ET didgezr A yehd o2 Btk EF A44E# DIN
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DIN

0.9

1 0.8

1 0.7
4 0.6

105

POs

4{ 0.4
403
—o—DIN(HE) —O—DIN(EZ) 1 0.2

—m— PO,IEE) —— Pa,luY) 4 0.1

a9 3. RANS d9d w2

1. AAAL AR 4Z87S (8F)

. _zF_o e | ans FHETF (ug-at/L)
(C) (%) PO+P | NH+N | NO-N | NO»N | DIN
2004. 8 226 32.1 0.58 1.06 0.19 6.32 7.79
9 248 323 0.61 1.62 0.12 7.32 9.67
10 20.1 33.6 0.65 1.84 0.14 7.85 8.43
11 154 335 0.73 2.32 0.21 9.52 11.76
12 129 33.6 0.81 2,58 027 9.38 12.58
2005. 1 7.7 33.9 0.72 2,54 0.17 1145 | 14.16
2 5.8 34.2 0.77 2.75 0.19 1232 | 1526
3 102 335 0581 312 021 1298 | 1631
4 135 331 0.72 228 0.16 11.76 | 1420
5 16.8 33.2 0.68 1.98 0.24 8.36 10.58
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E 2. AT MR FEA (REAL)

44 F & | 4E= FEFEF (ug-at/L)

(C) (%) POsP | NHeN | NO-N | NOs-N | DIN

2004. 8 21.8 33.2 0.55 115 0.15 5.26 7.11
9 23.7 33.4 0.62 143 0.14 6.49 8.68

10 19.3 341 0.67 1.58 0.13 6.58 8.96

11 14.9 33.9 0.69 1.89 0.19 7.94 10.71

12 12.2 34.2 0.78 1.94 0.23 8.85 11.80
2005. 1 9.6 343 0.71 2.16 0.16 10.31 13.34
2 7.2 34.6 0.72 2.24 0.16 11.39 14.51

3 9.1 34.1 0.79 2.87 0.18 11.43 15.27

4 12.4 34.0 0.71 216 0.19 11.15 14.21

5 14.7 33.8 0.63 1.75 0.20 9.21 11.79

2) AATe] AF R A=

AEAG AATANA HZ A €8 GA Zole E 37 o] 994
25426.7cm=Z HI1XE Yo o|F HX A HojAFo] HAsy
AlZ8ted 2005'd 1€ 1.9¢ 05cmE HAAE UdelAT. A FTFL2
994 18.7t64g0. 2 HIAXNE BRYon, 1€ 27:06g2.E HAAXNE Yeh)
Aok BATE 20049 8YFEH 109714 2702 7HF whon o|F FAas)y)
A Zsle 20053 1€95E 3971A] 02702 718 Bgta, 4958 oA F718H7]
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232195g0 2 HUXE HPow, 194 22+05g0.2 HAXNE Jehjch
EX$E 895 H 11971A 28719 #AFE Yehdley 1249828 HA
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2005 5971A mj¥ FAFHJoY A5E HSAGY S8 20043 8EHH
12971XE FFHUoY 20059 195 397HA€ S8A &ken, olF
493 596 FFH7) AFBIAT. G-t A7E weARd s A7)
84 26:58mE HuXE el Yo wApgo] Al FAHHT] AlFske
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E 3. AT A%

A9 a4 29 @m) wA % (o) A5F (g | BAF )
2004. 8 21.945.3 3.840.7 15.9+7.8 2-7
9 25.416.7 4.0+0.8 18.7+6.4 2-8
10 22,655 4108 16.5+5.7 2-7
a 11 9.9+3.8 41409 13.2+33 2-4
12 48+14 3.9+0.7 5.7+1.7 1-2
2005. 1 1.9+0.5 1.5+0.2 2.7+0.6 0-1
s 2 3.7+1.2 21103 3.4%1.7 1-2
3 4.9+0.6 2.2+0.4 53428 1-3
4 5.4+1.5 2.5+0.3 8.913.4 24
5 8.5+2.3 2.9+04 10.5+4.5 25
2004. 8 23.248.2 3.4+0.8 19.3£8.9 2-6
9 26.8+7.8 3.60.7 23.2£9.5 28
10 23.5+6.3 3.7+0.8 20.5+6.9 2-7
B 11 13.9+4.7 3.840.9 16.9+4.1 25
2 12 8.2+32 3.9+0.8 10.8£2.6 1-3
2005. 1 1.5+0.3 1.3£0.2 2.2+0.5 01
= 2 3.3+1.4 2.0+0.2 3.1+1.9 1-2
3 4.5+0.9 2.310.5 5.0%2.5 1-2
4 5.7+1.8 2.6+0.5 9.313.7 2-3
5 81427 2.8+0.6 12.1+4.9 24
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ZAZIZE B¢ 45 A9 RAE AY AT BF As HYVIe 8=
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71Zbeet BEEN N, RAT Agdre 195E 487X 9 A71E AE
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AAHZ M Bdth gEA] d5AY AT FS 8EFH 108 7HA
100%9) A%&S Jeon, olF ALFL H&5E0] FAdd 145H
3R E HASG AANET AT, 497 5] F7Fs] AFE

A% A MATY B AEEFAY ¥E&L 999 795%(B1A)=
713 Ekor, 549 88%EAMA)E 718 Witk AgolFA bl oA 2
v &8 89l 171%@AA)Z 714 =9k3, 1294 54%QMANE 7HF wgrow,
ZH] A 9] H&e 8Yd 73%EAAR JHF Egon, 1294 27%AMA)E
743 otttk wEtA BEAx AY JfAEY] A 5SS 997 109 100%9]
AEES JER LT olF A Ady] A&t 145 H 4d7A e vAds
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X 4. fATY d=

A9 | w g ¥y vlj-9-2hg HH-Z;ZE ﬂ}—?—qﬁ -2}

Aol(m)| Z (m) | Aol(m)| Z (m) | T T8¢ R & () | + (m)

2004. 8 | 925132 | 198+21 | 285+21 | 106+22 + + 26158 | 5.3+1.5

9 | 920+35 | 198+19 | 286+25 | 105418 + + 25159 [ 52+1.1

10 | 923119 | 197123 | 280+23 | 102+21 + + 24+4 8 | 52109

11 | 921+26 | 193125 | 274+31 | 100124 + + 23+42 | 47418

4 12 | 912+31 | 189428 | 261127 | 95125 + + 22+38 | 41416
= 2005. 1 | 875+35 | 17714 | 250115 91i‘6 + - - -
2 | 892428 | 180412 | 254417 | 90+8 + - - -
3| 921+£29 | 191+11 | 25619 | 92+11 + - - -

4 | 919+£35 | 19315 | 258418 | 93115 + + 19+5.0 | 305

5| 92029 | 195+17 | 263127 | 104+24 + + 20+6.2 | 3.5+1.1

2004. 8 | 842+31 | 183124 | 278+24 | 96125 + + 25447 | 51£1.3

9 | 841137 | 183129 | 276135 | 95128 + + 25452 | 51+1.8

10 | 83828 | 181426 | 271428 | 92431 + + 24453 | 5.0+1.1

H 11 | 83529 | 180127 | 262+30 | 91+28 + + 2448 | 4.6x1.6

; 12 | 822435 | 17331 | 254426 | 89125 + + 21441 | 43£1.9
¢ 2005. 1 | 779128 | 163+12 | 246+14 | 87+6.8 + - - -
= 2 | 79132 | 17118 | 249+17 | 88189 + - - -
3 | 825431 | 182117 | 247+24 | 89112 + - - -
4 | 839+36 | 184118 | 250+28 | 91117 + - - -

5 | 838439 | 185121 | 255423 | 92121 + + 1859 | 3.8%+1.3
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X 5. Ao An

A | WG| Ve [AeERa e ;ﬁ’;}) A% (%)
2004. 8 0 28(75.7%) | 6(162%) | 3(8:1%) 37 100

9 0 |29806%) | 5139%) | 2(55%) 36 100

10 0 | 30(769%) | 6(154%) | 3(7.7%) 39 100

a 11 | 8(22%) | 24(66.7%) | 383%) | 1(28%) 36 77.8
12 | 13(351%) | 20541%) | 381%) | 127%) 37 64.9

2005. 1 | 35(100%) 35 0

N 2 | 30(100%) 30 0

3 | 38(100%) 38 0

4 |25833%) | 267%) | 267%) | 1(33%) 30 167

5 | 23(742%) | 5(161%) | 2(65%) | 1(3.2%) 31 259

2004, 8 | 2(4.9%) |29(707%) | 7(17.1%) | 3(7.3%) 41 95.1

9 0 |31(795%) | 6(154%) | 2(5.1%) 39 100

10 0 |33(78.6%) | 7(16.7%) | 2(4.7%) 2 100

8 11 | 5132%) |25(65.8%) | 6(15.8%) | 2(52%) 38 86.8
2 12 |15(405%) [ 19(51.4%) | 2(5.4%) | 1(2.7%) 37 59.5

2005. 1 | 35(100%) 35 0

= 2 | 30(100%) 30 0

3 | 38(100%) 38 0

4 | 37(100%) 37 0

5 |28(824%) | 3(88%) | 26.9%) | 12.9%) 34 176

v A4 AATY AHF 54

1) 3. 2% & A%

5% BAE AY MATE A QA 25 2 25208 AFLS X 6 2
a9 73 2o 875t WigAdd F 4F AY AATY Af 10T =77
9] 40umol + m? - s’ ZANA 84+08g.E HAAE HPLen, 60umol - m? - s?
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Z76A 129+1.8g L 100pmol - m? - s 'Z A A 21.3+34g0. 2 HIAE
UeRAE 15C %77k 40umol - m? - s' 274 181+35g0.2 HAXE
BHom, 60pmol - m? st ZZ|A 221+48g P 100umol - m? - s ZZA
33.6t58g2.2 HAANE JEPAYT 20C 2ET7H9) 40umol - m? - s'E A
JME 137124g02 HAXE RPeH, 60umol - m” -7 ZZA 357455
2 100pmol - m? - 57 ZZANA 572+119ge.2 HIAE YehhUh 25T
L= 77 40pmol - m? - sTZANME 68+09g0.2 HAAE HJYoH,
60umol - m? - s7 ZZA 16.7425g ¥ 100umol - m? - s7 ZZA|A 87.7+16.8¢g
o2 H3XE YA

AT AY AATY B¢ 853 wjFdHEER 10T 255744 40umol -
m? - s'ZAGA 85:09g2.2 HAXE BPoH, 60umol - m? - st FZ A
13.2435g % 100umol - m? - s?'Z 7oA 225+43g02 HuXE YJeERRUT
15C 257378 40umol - m? - s'ZANA 184442g02 HAXNE HYowH,
60umol - m? - s ZZA 21.2¢52¢ = 100umol - m” - s FANA 31.7+6.2g
o2 A3AE YTk 20C =779 40pmol - m? - sTZANME
13.6:39g0.2 HARAE BPow, 60umol - m?-s? ZANA 3331595 %
100pmol * m? - s7 27X 553+104g0 2 HIAE UEYALh 25T &%
F7re] 40pmol - m? - sTZAAAE 67+1.1ge 2 HAXE BHYoH, 60umol -
m?-s? ZAA 15.6£32g L 100umol - m? - s A 84.2+151g0.2
HuXE el A

ety 453 RAE AY AATE 25 2 25 AW AZNY dge
nxEY 1 2ALFE GFFY I =A dEnen, o A¥FL
AGAATEE F93% 2ol E RolA| & ASE ey
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X6 %259 E gAY AF (5% g

A 9

WFLS (F)

& = (T)

% % (umol - m”* - s7)

40 60 100
10 303 303 3403
0 15 30,3 3+0.3 3+0.3
20 3+0.3 3+0.3 340.3
25 340.3 303 340.3
10 3.5:05 37105 44104
) 15 4207 4207 6.20.7
20 41406 5.840.7 6.9:0.8
25 3405 4006 8.8+18
[e)
4 10 44506 51038 7205
. 15 6.7£0.8 6.8+0.8 9.9£0.9
20 5.7£0.8 11.6+1.9 16.7+3.6
s 25 3.9:0.5 5.940.7 24.2+4.9
10 5908 7,809 123414
. 15 11.340.9 125412 18.8+2.9
20 91408 20.3+4.7 324456
25 49406 104+15 47.6+8.4
10 8.4£0.8 129418 21334
o 15 181435 221448 33.645.8
20 13724 35.745.5 57.2+11.9
25 6.8+0.9 16.742.5 87.7416.8
10 303 303 3+0.3
. 15 3:0.3 303 310.3
20 30,3 3+0.3 3+0.3
25 3+0.3 3+0.3 3+0.3
10 3406 3.6+0.8 44507
) 15 43406 41408 6111
20 42407 5.90.9 7.0+13
25 33407 4108 9.0:2.1
B 10 43108 5.0£0.9 73108
2 . 15 6.6£0.7 6.9£0.9 102421
20 5.6+0.9 11.542.5 15.543.8
< 25 4.0£0.6 6.0+0.9 23,6451
10 6.0£0.9 7913 12.542.7
§ 15 11.2+13 12.7419 16.9+4.2
20 101+1.9 20.5+5.8 312+6.3
25 5108 102421 45.6+7.9
10 8.5:0.9 13.2435 20543
o 15 18.4+4.2 212452 31762
20 13.643.9 33.35.9 55.3£10.4
25 67411 15.643.2 8424151
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A9 AATE BE 23] ©E 34 QA AFL £ 7 ¢ 39 83} Zr

42F AY AATY B v 8FF WG A3 eA 555410202
HaE Uehilen FA4F xAstolA 5231855 R HAF 28}l A
492178g9 o2 Uekth BAx A AATY By WG 8FF PP
ZAsNA 543191ge2 HuAE Jehigen FAF zAsdA 51.7:9.3g
g A aF 2 468+8.1g9 o2 JElwtth wEbA 3A A wE
dAe AZL 4G - FAF > HNPY] £o dFH BAE AY
MA AN L FFE G A

7 34d & A VH (FFF, )

gL (F)
A 9 % A
0 2 4 6 8
oA g 3+0.3 7.5+1.4 14.7+3.2 | 31.3+5.7 | 55.5+10.2
94 F A3 3403 6.3+1.1 12.613.0 | 29.5+49 | 523485
2 A58 3203 6.1+0.8 115432 | 26.7+4.6 | 49.2+7.8
o) A 53 340.3 6.9+1.1 152445 | 33.1%63 | 54.3+9.1
RAx A 3+0.3 6.5+0.9 13.1+3.4 | 31.0¢58 | 51.7+9.3
2 A 33 3+0.3 6.2+0.7 122438 | 27.6+44 | 46.8+8.1
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¥ 8 g 50¢F B % - FFV)0 W w$Ade] g4 2 A
G TS +, ASE 50% FIT ++, ASE 50% o)
FF7) |Z=@umol - | & = | wW$AG Hj-$-A1d e A7) Bl $-2g-2)
LD B | m-sh) | (O) | $H) | Aol (m) | F (m) | %=
10 5.9 86111 3916 -
10 15 9.6 21021 102+14 +
20 127 24325 114416 ++
25 46 79+8 3246 -
10 8.5 94+10 40+8 -
: 15 156 225423 11215 +
24:0 60 20 223 252432 11917 ++
25 48 92414 45+9 _
10 8.5 16717 77411 +
100 15 15.7 254433 111+14 ++
20 254 255436 115423 ++
25 5.7 124+16 629 +
10 48 68+7 3215 -
20 15 6.7 166+18 8149 +
20 8.9 202422 98+15 +
25 29 5746 2845 _
10 57 869 417 _
15 9.8 210+21 105+17 +
16: 8 60 20 184 235429 109+18 ++
25 37 81+16 408 _
10 6.7 158419 71+12 +
100 15 105 250+31 110+19 ++
20 208 25534 112426 ++
25 42 88+15 40+7 -
10 21 505 24+3 _
0 15 3.8 60+9 2945 _
20 44 95+13 38+7 _
25 18 4343 20+4 _
10 36 637 318 _
15 5.3 86+16 4249
8:16 60 20 78 150421 65+11 +
25 22 76+18 3446 _
10 39 83417 42+8 _
100 15 58 148+25 71£17 +
20 8.9 225+38 101£21 +
25 28 76+14 3248 _
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JE Aoz Jegon, 2521 FegAd JFE vX7] RHils dge

=

55 EBE 439 S5

my'Y

A B 7 7
S
g
10 MW @ g ¢
10 15 20 25
2% (°C)

2™ 10 2= 2 2223Y 32 gA9 FHIHMG 709F).
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£ 9. % L2l BE FUYA (, $4 + AYA; ++, BA)
z = XA vl & d

(umol -m®-s) (C) [ o | 10 | 20 | 30 | 20 [ 50 | 60 | 70
10 - - - - - - - .
15 ; - - ; - - - -

10
20 ] . - - - - - -
25 - ; - - - - - -
10 - - - - - - - +
15 - - - - - - - +

20
20 - - - - - - + +
25 - - - - - - + +
10 - - - - - - + +
15 - - - - - - + +

60
20 - - - - - + + ++
25 - - - - - + + ++
10 - - - - - + + ++
15 - - - - + + ++ A+

100
20 - - - - + + ++ ++
25 - - - - + + ++ ++

5) B84 5 & NP

283 5 23 37 949 FHEAEL ¥ 10 € 29 1194 2ok 5%
100 mL/min ZJ A= WF 7095 ¢ FAZA T AFsYn AP A=
e gL U kel 571 200 mL/min ZAAAME HlY¥ 609F
AHEAY HAo) FAHNLM, 571%F 300 mL/min ZANME wjg 508F
AYPEA Y FAol BAEHYT 709F 14 X E FAe4ck 57]1F 400 mL/min
ZAAME Wl 4093 APFA Y FAo] BEHAJOH wF 609F 13}
A &g A
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2) 2R JIAAY] mMF

gAY 2Ezad AFL ¥ 129 o] wjY 393 10umol - m? - 579
AzE 7oA Aol o] 61.3:42m2 M AR Y, MY 7Y FREHE
20pmol - m? - 579 LA ool J1F A Ytk 2= 40umol -
m? st oje) 2ExZANAN HYH AP WY SAFTREA A iRl

S
g 93 A,

2
B>

X 12 222704 3 JAEAY A wigz4A 15T, 168 LD
@HHE A9 B +SD, m)

wjobe) 2 Z% (umol - m? - s
10 20 40 60 100
0 20 20 20 20 20
1 29.8+1.5 32.7+2.8 31.3+1.6 32.741.9 30.8+3.5
3 61.3+4.2 33.5+2.3 31.3+0.6 30.5+0.5 30.0+2.0
7 89.0+62  151.8+22.8 70.0+0.5 77.5£9.6 40.0+27.1
13 162.7+181  261.3+21.0 ! - -
g

3) e=x1E FYA MF

HAEAY 2z AZS X 138 Zo] wWid 3¥F 20T SE=F7HA
36.3:0.8ume] Ht ZolBF& Yot vl 49 o]F 20To] 3y 2%
ZAAE A7 H ol AReA 2ske ¥ ohje dag 93 IS
g 78 Folle 15C 2204 209.6222.7/me] Ho) ZAo)AS Yeh) ok
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¥ 13. £E2AY 2 JAAe A4 #gERA 20 umol - m? - st 2 168 LD
@WrE dd79 HF£SD, (m)

Wy == (©)
10 15 20 25
0 20 20 20 20
1 28.840.3 29.311.2 32.2+1.6 28.3%0.6
3 27.7+1.2 35542.6 36.30.8 27.7+0.6
7 87.7+15.0 209.6+22.7 E -
TmALR

B FABHE o 4T BAFA) o8 A4

1) 3 1g5H3 £33 + IF3}

e X3F FAIR FEEHY o, AHuo] glo] ¥ A B HAZ
A5 Ut A dFEY Tgolu FA7E AdEHE F4] A¥F §&
< 9] Sjste] ADE-99 AEgo] AHY HF 189 FFFL X 149
Zo] B 4,010.0+2685719) ¥Fo g FALHE Aoz ZAIH AL

E U A 9T XY =
A7 5% (g N D (cells/ml) H 1

1.44+0.27 4.01+0.27 4,010.0+268.5 4,015.4768

2) sRAYIAY JA&EEE EFAH AR

ZEAYCIAY FA&E e Pz A9 D doje E 159 2o
AAE=st SUMe Wt fAbel dgdelrt AR Fokxlew, WY 59F
MY ¥3e = B3 3AS 8,000 rpme] HAPFoAM 2110742 77
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Bgton, 20500 rpm o]4e] nFH APFoME e Aol BFHXA
gttt sRA Vo)A FHFE 13500 rpm SR slo] EF AL BE
dole o 550im oo AMEE XS AT W I o] FHAFAA
8 FARIME 2o Aol BEHA gsich FEE FAE AR F99
N2g Aol FA4H7 ARAE A FA 4F8H9 F&0] dojutedl
8 FAe] Zovt god FSTE 48 &40 ok MEE IS
FAT 4 7] WEQA Aoz B

¢

X 15. 3EA YA IAEEE HZ EYFAY AA
@urEAP T P+ SD)

_ HASE (min’)
g =
8,000 9,500 13,500 20,500 24,000
o] ZJo
E%dm )é D ;054 6317:703  6633:946 652041388  6433:2136
Tllz_l_ 2=Al0] Z]o
E]T(Jm;] 91 gra02004 810044561 551742971 530042924 46673055
Zﬂ*ﬁ%‘*‘_(i;?}g T o107 1.9:0.6 1.0:04 o -
€a

YA FS

3) =AY s A% 2 A4

HAZt BE4A1e 52 AYW AL ¥ 167 Zo] £ExAWE XolE HY
g 108 F HZh BEEFALe] oA 15T =204 3.1£22mmE
7} ko, 3o AL 20T L5270 A 4.7:06M2 7+ 2t
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¥ 16. 11 1093 60umol - m? - s} 16:8 LD ZAs})A LEZAY Ry
AL A g ABEWNEAFT Y HF4SD)

& % (7)
3 =
10 15 20 25
Z22Alel Zo
TR Aol 2.7+1.4 3.1+22 29415 26421
(mm)
A [e)
Add Bde 9 37411 47406 3.041.4
“(ea)

4 2=ZAE FFAe] AF 2 QA

M

Azt BEFAe) 2520 AoARe X 173 2] 60umol - m? - s
=Z7A0A 37:30mmZ 713 =gton], ¥yol AL 100umol - m? - s'9)
EZAA 65+1470 2 74 gtk

BN

¥ 17. 8l 10¥93 20T S} 16:8 LD X A3to)A] H2Z EFALe A% 2
A EHrE AT HF1SD)

, Z% (umol - m? - s7)
. X
B 20 40 60 100
)‘/\ o] Zlo
T Aol 24116 2.9+1.3 3.7£3.0 3.6+1.6
(mm)
1}
A8 E (i;q T 14409 21407 5.9+1.8 6.5+1.4
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2 ARWEE 4% L AREH
) FAAN 9% BEA 4% L AREA

FAA A o3t HEAE FFAF FZol oF 20 m] TFHOIH(TH 18A),
W 29F LolBe FAFA FALE At BTHIY 18B). FAMY AR
7149 2F& we FEHoz ojFojxng Zolxge] FHo| mj¢ ofYch
w2t 2 AgAY AREH P 7l HA o] F 30¢ HHAHAN
2k Ao] folaith 7toly AA 30Y Fo Hezle AF 2 AREIE
H 187 2] 1em@ FAIE A FEAY] FE 167105870 Q2™ o] AL
ZolE 0.22£0.07mm Qi

% 18 ARWHE B9 4% 2 ARII

9% FAAH @RA AR) 444 (@) 54 AR)
Bhoeae sama 3w e AR 3
T e @) (@/10m) (W) ) (g/10c)
2005.10. 1.
Grold - : : i i :
X))
30 1.67+0.58 0.22+0.07 0.2820.01 1533551 1.36+0.25 0.35+0.01

« ZA19] 71A FHE AT 10em FAF W e Azve] 29,
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10cme] FFANME 2412t T2} 74 wghvh W 0412 A2 P TN
E FAH 7 FAF 1em 9 633:17.9702 §eALY] wieto] sbE AZ§ Aoz
2220320

R 19 A2AE EYFA AR ARAFHHo]H 304 AHAF FH)

A AZAZ (h)
73 E3YE
g5 0 05 1 2 3

FAMS) S(l/en)  633:179  650+165  750+199  887+155 6474104

30 4=A}Zo](nm) 21102 22404 2604 26405 1.9+0.3
% %(g/10cm) 0.34+002  035+0.03  0.360.03 038004  0.33+0.02

3) AR7EAE AN A% 9 AEAEH

AR71AY EElFAl AFEE § 209 o] F£A1e] & ZHRY 1884
36FAT 2 FALY] o Fvlshe AYE RFow, FA] ol 1.30~1.33mmE
F% AolE HolA &Arh FAF 10cm FHL FAlA 71 B2 1.24+0.07g
ollw, AR 183 A 7HE FL 0.16£0.01g2 2 e

¥ 20. ARAE Be5Ate] A AREH

AY A — AR 7A
g 18 AL 36 AL FHAE
A 4= Fl/em)  32.3+216 492125 52.1+15.2
30 FAd o] (mm) 1.33+0.25 1.32+001 1.30+0.02
%% (g/10cm) 0.16+0.01 0.35+0.01 1.24+0.07
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5 ARASG BRFAe AREE Hm

Azre) A¥Ae} EEleale AREdE E 219 Ao} 2ok HEFA AR
7B WA S B8k A7) 7R Bge] Haxd &3l 78492 AuATIVL
A, 229 £28%FL JHEE 100m F 500g2] ¥IEE FA EmF 5g
F£5F)o] 288 RAoeE Vet wtd FAANYS o] 83 B ALY
AEE AT JoE AF o= AVldE AMEE & F UoH, X L8
ABE 100m F 200g] vl &2 FAF DmT 2g(FFTH)ol 285 AL=E
Vet AEE AEAY agA F2Ed9e 10-15TH oY, £ A
Hi Al F2HAE 10-25CE FAAET & 33 HA7 He A= vy
ot =3 wY 2270 94 AR A9 10-20 pmol - m? - st YEH)
el Ea)gAle] A$ 20-100 pmol - m? - 12, RElgAte 22 FHE E9r)
AZA B vle WL AR eyt wEgA FZ4e dF JdFARE
A AE&HQ MR P2 FA84E 5 ¥R e FAHA4E 58

YFALE AR o] AR LA AAE T welyg HelA wf¢
AEHQ o2 YET

ML o

£ 21 AL AFAS EY5AY] A58 vl

7 ' T84 @A TR (A
AN EA 7 7-84 aF
2Z £Q% (g-wet wt/m) 5 2
254 (T) 10-15 10-25
25499 (umol - m? - 57 10-20 20-100
AR HHA w i

5) AR5 AuudLSro] wE slo)d] A3t B

AFH77E AU gze) & Was 18 199 o] 8€d] H3 248TY
F2& YeERdey olF Hx 74str] A2sie] 1296 HA 422 9.6TE
B
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)

Temperature (C

o
I&O

0

1 16 1 16 31 15 30 14 29 14 29 13 28 13 28
Jun  Jun  Jul Jul  Jul Aug Aug Sep Sep Oct Oct Nov Nov Dec Dec

Month

o9 19 AW WiYg a2 23

o Fa1e AE F £z wgdsd wE Jlold Axte ¥ 229 ol
A Fdsrt 21099 68 A AP A5 7hold 712 374 AAFolx
FARRT Ao APFGAZE FAHA dgo), A ddsrt 60-180
17 8 9 108 ¥ 11¥ AME AFFAXE 7told 60 BT HHAFA
PAH7 AFstPer. BE AU gFdS 3092 129 AE APFAAME
7tol4] 3MEF HAPFGA L FASHT] AFEATE wEkA] BeeAbe] ABAH L
69FE 1297bA APFL ZF 7@ R JEntoy B wWE Y FEA
o AL f=37]) YA 793EH 119744 AEE gaste Aol a7EY
Aoz Ygrt EI EHFAlE A 2JFHEeE FYsd Age 54
&l AEES AU A wE FAe g8 HiA &2 Ze=
Holr 64AE APT B¢ MYEY 7lo]d 7tF¢dd = AHAFGA T
A g3 FAZRT AFge A AR FA B ATl vete] FElFArg Y
dxo o]zt U7 WELE Kt

oly3 A A EHFAL ABEY 7] FEREHAC| JFedE A,
o]E o]§-3td HZte] ABES YAT AVIZA |49 FXAA BA ¥
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FHo] ag ARl AN FA AT 5 gonz G AHEY 44 5
of T 4 9 gl Ak

B 22 F2u|FdF] & rto]H Aw

AWRFLF | s gw 7tel 4 713t (2006 1949
(FNEA 7)) e 2006. 1 2 3 4
% (g 0.001:0.02 | 0.036£0.004 | 0.116£0.02 | 0.116+0.05
210 j/“f# 7)) - - 9.67+5.69 9.0+7.55
64 ") T*}aﬂ (um) - - 0.38+0.29 1.42+0.71
AFAS (h) - - - -
A PA 2] (un) - - - -
% (g) 0.116£0.04 | 0.0960.01 | 0216+0.07 | 0.966+0.84
180 FAE (70) - 19+19.7 91+66.51 21
72A8) FAtZ o] (um) - 0.85:0.02 | 1.98+1.13 0.63
HAFAS () - - 0.65+1.51 60.0+5.66
ZPAZ4o] (m) - - 1.05+0.55 7.79+1.12
% () 0.046+0.01 | 0.116x0.02 | 0.236:0.07 | 1.506+0.98
FAE () - 29.67+17.47 |130.33+48.42 -
150 FAtZo] (mm) - 0.78+0.1 2.81+0.81 -
BLA1R) HFAF () - - 2114154 | 57.67+28.45
YA o] (mm) - - 0.82:+0.65 8.13+3.24
% (g) 0.006+0.01 | 0.056x0.01 | 0.096£0.03 | 0.176+0.07
120 :FA}—’F ) - 28.67+5.03 | 123+15.87 -
9L R) ;—A}Zd_ﬂ (um) - 0.330.08 1.50.09 -
A A4 (M) - - 0.677.02 | 37.45+15.64
A gAZo| (mn) - - 2.09:0.68 | 5.103.21
% () 0.046t0.01 | 0.056x0.01 | 0.176£0.02 | 1.286+0.20
9% FAE (D) - 23.3319.07 |123.33£37.42 -
(1044 8) FAtdo] (um) - 0.52+0.07 2.33+0.51 -
ARAF (W) - - 0.05:0.12 52.0+6.56
@A 2ol (m) - - 0.850.20 7.17+1.09
% (9 0.01620.01 | 0.046+0.01 | 0.126:0.01 | 0.2560.05
60 FAE () - 3.67£1.53 | 28.33+6.03 -
~
M2 8) ;r/\}zd_ﬂ (um) - 04+0.06 | 126037 -
AHA 5 () - - 0.03+0.12 8.33+0.58
AgAZe] (mm) - - 0.51+0.31 1.94+05
% (g) 0.026+0.01 | 0.056+0.01 | 0.144£0.07 | 0.126:0.01
(30) FAME (70) - 533£351 | 15.336.66 -
PAAE FAYE o] (mm) - 035+0.14 | 1.30+0.86 -
AYASF (7h) - - - 4.0£1.0
A YA 2] (mm) - - - 1.94+1.01
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6) A3 7tol4F =1 ot
71 7tel Ao st

oA 37 At AY 9ET FEFY AxY ojFH JrF RFW]
g ojFoA FSFIFon(Y 20), & o1Fe €¥ £, DO, GEE,
f4, pH, AVARE, 3%, d¢¥ T4 dstE S350 o9 I
379 AA=E =439

ol Feuste 1Y 21A9 o] A=Y A 20049 11€ 149CTAA
A ZAasy] AlFste] 20059 390 HAXQl 87CE UERINLH o]F
AR F7rsly] ANRste 89 234T2 HIXNE BAch BRAES A 20049
11€9l] 173TE Yepi o o|F Hat 74st7] A1t 2005E 3€¥e] 91T
o] HAXE Yeom, olF Hat FU137] AlFEte 89 H3A|Ql 195C
E BYr.

dEwste 29 21BS o] AxE ofFelAe 2004d 129 HuX<
33.6 pptE YEMIOH o]F A} ZAste] 3¥Ud] HAA|Q 304 pptE EATH
U BHAE oo e 2004 129 7HF 22 315 pptE XSl olF HXA
HEZIF F71817) AFSEY 20051 290 346 pptE UERNeH olF HA
#aste AFS e

$E482(329Y 210) ¥ AVAEE(2E 21D)E A=Y RAT ojFdA
Fro3t AolE HolA gkgton HAGE WE Y-S JERATE shel A
$4, pH, $53%, 9999 €2 ¥3s ¥ 239 2ok JZh9] Jlold Aol A
ZAPZI1ZE FS fr42 079246 m/sec, pHE 7.81-8.06, 71o]4lo] o]Folxd =4
50cm®] $%33 %S 948-1,109 pmol - m? - s7, AAE Y FEE 0.512-0.784
ug-at/l, A9 BEE 64439522 pgat/19) WHARIE, °lE FRZANA
3 Zhe] 7lo] AL wlg BFGHo T o|FolFT
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E 23. 7told3E &4, pH, 533, 9¥He €2 w3

g¢r Az =R
9 t % (uo-at/1
Ll | R e | | e T
(m/sec) (umol *mi” +§7) (E24) (m/sec) (mol + m* + 5°) (3A2)
Nov 0.6040.721 05640692

1012021 | 785797 | 964970 021024 | 791803 | 1,481,075
2004 76437831 68437271
07310784 06110629

Dec. | 015017 | 789798 |  959-972 023032 | 784799 | 9961020
8.421-8512 7.178-7.256
Jan. 0.746-0.751 0.632-0.651

o | 015018 | 781793 | 957967 039042 | 787793 | 998101
93529522 7.343-7.489
0.836-0.841 0.673-0.684

Feb. | 015016 | 784789 | 948953 035042 | 782794 | 984997
93789423 7543-7.738
0.753-0.801 06220687

Mar. | 011-018 | 786788 |  951-940 024026 | 786792 | 9961025
8.894-9.156 73467481
07490751 0598-0.683

Apr. | 015016 | 785794 | 975969 032034 | 789-798 | 1,087-1,059
89329165 6.873-6.945
0.754-0.759 0597-0.624

May | 012014 | 786803 | 984992 031033 | 784795 | 1,0641,076
87948875 6.443-6.632
07320756 05970616

Jun | 012015 | 7924802 | 10041103 033030 | 782791 | 1,039-1,052
88538953 6.742-6.941
05120612 05740583

Jul. | 008010 | 791806 | 10581178 029032 | 78679 | 1,068-,079
7.486-7583 64336658
06110623 0534-0589

Aug, | 011016 | 787:802| 11041215 030032 | 789799 | 1,096-1,109
7.984-8.049 6575-6.841
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gy stold A B7te) AR

7tol 2 274 wE 7Y AR zlole B 249 2ok A= oA E
20053 28 FE AYFGA L EHT) AFsto] 445E WHE dolAZE YE
Hlen BRAx oFdME 20059 1€95H APAA7L TE=r] AFeAh
F, 374 A9 gAY 22 AVle F 1Y AEY Xolg Holu HYPA Y
ZolAe] MEA Yehde AL 4974 F L& o] F oF EF 10T
AF-E Hole AFolzke TEHE vehix Sl 889 F87]d HEF
o}ge] Fzt AAFL FHmT 501+141 kg/mE UYehoy RAE o7
735 7.45+2.08 kg/mE UEH o] ojF 2HEE YT Rolg BT

E 24. 7tolH ojFE Hzpo A=

% ) =R
Togggne B wnr e awaee TERY e oame
Ame) 0@ Ggm OUoe) 6 e
Nov. 2004 - - - -
Dec.
Jan. 2005 - - - - 31114 0110 - 0.003+0.002
Feb. 02401 0101 - 0.002+0.001 105145 0402 01201 0.007+0.001
Mar. 0.3+0.1 0101 01+01 0.007+0.001 164463  0.7+03 1102 0.009+0.005
Apr. 0.6£0.1 05101 1.2#01 0.011£0.010 2204107 02102 2.0+£04 0.031£0.004
May 15102 15+05 1403 0.05410.015 2524106 4407 26112 0.195:0.012
Jun. 22505 51x04 3.6£02 0.130:0.001 357155 95409 45106 0.37510.245
Jul. 254120 105+21 3.7+14 0512+0.012 27447 159118 6.9+:05 0.919+0.086
Aug. 20415 157+24 3.8t12 5.01521405 250152 201112 72+05 7.451+2.075
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3. 7pol4]

=

1) £4 2 FE84EE Jloly &3 Hlm £4

844 B 7944 B Jlold Ade ¥ 25 @ a9 29 o] A
T A AR F YT 2R AR AR FAZ AFE) AFsAeH,
Al AN Bl wpsh o] F{AY] wg e EYFAHY
A FAsHA FAZ AFTE Ttold 509 BIAFE AHGAI Balsir] A%
sdHeH, AR AR AFFANME FAF 10em T AP A $=7} 77415 74
A3, A AR AFTANE FA 10em F AHAA ] $71 83+1570=
bt A AR Ad7eld F-EA] #7 2 g2 ez veydh
EE Jtold 68U AAF FAF 10eme FFS FAMHY AYF Bk 74
Ao APTFAA ot g2 Ao2 Yei.

E 25 4 B FAAEEE Tty A=

94 (A A8 444 Qe AE)
7ol A9 A
A LA L L AR L
G N @) @ha) V0m S @) @0
0
20 - - - 0.01£0.02 - - - 0.03+0.01
35 - - - 0.15£0.07 - - - 0.29+0.12

50 77+15 0.65+0.03 0.26+0.11 095:0.09  83+15 0.82+0.01 0.3+0.18 1.08+0.33

68 97+35 149:018 0.34+0.37 1241069 13.3£32 1.38+05 02+02 147+0.74
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g’}

78 7told 712tE 2 R FFHF ¥

Zhol4 A 713t AP A9 2 ¥ £3FF Wi 19 249 2
7toldl 717b% BEFFLL 166TAeH, F2WslE 10892 J3 £& 200T
oA HAF Zhastr] Agste] 7hel4] 2719) 129 o= 133T7HA Adtstsint.
FAE F£FBHF Wile 11958 12971% 25 2 F4E FFo] Hx
#aee A2 et 53] 4 3me £33 10¥€9) 1771441~
185.2+4.9 pmol/m*/sec®] MR AHo] 11¥9E 2394154 pmol/m*/secE
A gasgoh

)

25 2500 2

—o—Temperature %

~20} 12000 3§

Q £

~— 0 \:3/_
o 15} .

§ 15 1500 §

3 8

§_1o : 41000 g

@ - .

5 2M e ~ - - T 500 8

3m --~:?-:.:.f.f.?_:: %S

O lovssssrsisansanannsnenanansssansyesena s es 41300 I INNNEERRNT] Q

1 5 10 15 20 25 1 5 10 15 20 25 1 2

Oct. Nov. Dec. S

a9 24 . 710y A¥ V|0 AFAGY 2 R F3F

o
.3
B

W) AR7AE 49 AFE 9 stold A&

AENAE HZte] AAE Y slola EE ¥ 26 L 28 259 2o}
71o124] 609 & FYEY 18FALY] FAL 1emB FAIFE 761236712 =)
B} 363841 A-$ 89542587 B WAL 9244205700 widle feolEA FHe
Ao 2 Jegt. AHEAY Zole FAA 71 7 541+3.79mm= e}
wom g Rt 3638AF 2.25+0.30mm ¥ Z#H 2y 18F AL 1.27£0.28mm )
o2 veht FAMY HAo] E45 AYFEAY o] wEA Jehnvde
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™ ABA =E3AE FFe YFE 2 7oA ad

E2AZHE HZbe] AT F slold] ane E 27 R Y 263 Zt) 7lo)4
609 F FA 10cme FFL 2417 =& AP Tl A 0432+0.031go.2 713
Etor 0A1ZF =& AP FoNA 0.112+0.062g2.2 7HE YT AR FA Y
dolE 2417 =& AP TAAN 70711.74cmE 7HF AYew, 0A =& AT
M E 7Hol4 60d F 74A] HHFA I LEHA Futh w2A EEFAE
ARG v wFFze) A ARES =EAE A oE 379 AZ=
g slo]d A FFE FA HEZ, £FAY MEA 249 =&
A3g Aoz vehgth

X 27. =SA 718 A7 WA 2 ylo]a g

EEAE A7 R 7ol &I

Ay 2 ES & X

() FAF 10em 9] FALe] Ao ALY 5 AHHEA do]
TF (9™ (mm) (ea/cm) (mm)

0 0.112+0.062° 0.90+0.25° 2534195 -
0.5 0.124+0.041° 1.27+0.38" 59.0+23 5" 0.01+0.01°
1 0.163+0.014° 1.31+0.27° 101.9+42.7 3.50+0.52°
2 0.432+0.031¢ 1.65+0.37° 152.3+32.8¢ 7.07+1.74°
3 0.160+0.034° 1.27+0.36° 42.1+34.7° 1.37+0.08°

LA m7)d 3d 2y 36841 7Hold 4 1m.

T RESAE WE AYPFe] Y7 2L HFEUAY. U999 OdE HAE F93F
Zpol & YERd (p < 0.05).

w24} 10 cm3F = FAL 10 cmol FEE A2 A AARA - AR D FA
gk} FA.
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ol 7bold A7 B7e] ARE L ol

7tolal A71E HZte] AL L rslo]d AFHE F 299 ZTh ARAVE
gt} 7o)y AAl AlFo] gElAm oo g Az FAY AR ¢ AY
dAz9 waged Bo B2 Ade] AaFHE Ao YENL F 899
7ol AL AAstA oF 508 & APFEAY FEs FET F Jo, 994
7tol A e AlFsE 60UF 1E]3 1099 7to]Ae AFEE 759, 1149
7he) A& AlZEtE 909 T Zo] AY FA Eeo] 28 5He Thold 7|3tol
71 Aoz Jeigth T3 12497 199 7Ho]dE AABIe A g 12090]
A oo AP 29 o] &=t

watx Hzhe]l HA slold] AA Al7|E 8EFH thad] 19744 o= A7
Ay o] &8 & It ALE Yyt tut AYPFAZ wIeted 285HE
A zZbol AoJA el7h A& WolBR FF A& o4FQ FHEHR B4 AA
7tol2] Al7je] mE FA A £ o] o|FolAH HZH Jlol4 HA] A7
g8 Aart SAE ez Btk E=F FZhe] sjo)d] @A oA EelFAkY
AR A7)0 JolM FET AL A AUFuIrIt M99 NS
7t n oEts FZ BYFAY FHAF AR A7 625EH 124974

% A58 #3902 + U

F 29. 7tolA A7 A AYPA Y 3] 285HE 717 vl

7] 2] 7tel2] AAl A171 (AEEA Y 2], mm)
BHA(Y) 84 99 109 1¢ 12¢ 14
50 6.5+0.30 m m m m m
60 1.54+0.52 m m m m
75 1.66+0.39 m m m
90 1.02+0.26 m m
120 0.58+0.35 0.45+0.21

m: FAH) HElE AR
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3) 7teld 712kF SHH A ERA

V’]’—‘] 717t 8T HHAES E 307 2ok A=A &1 AHA
2 F 9% HEF 4F H TEFS VIH FE 5FTE UEwET. 59
9%01]*\: L2472 Caprella®} Gammaropsis 5-°] W53 7/JA 571 1em3 100
A olde delien AXHF Fol MFSA. olHT HHYES
FTF &2 11¥ olF HA F2de AFS JeEdY. BAR ofRdM e
3 7%——] A A=o] EPsRen o] JheH H2F 3FFH J|E FF 450
@A BAx ofFdAMe A= ofFd nigto wi¢ A F9 HHAE
o] EdsHer ¥H<A AAMZ v HAJYk 53 A= 7 B
FAtell g WA <o) vl @Wol 9837 1089 A lom 7HFe] Wo)
HFAH7 2 Qo EA: o9 Be =F 450 & FAlY wdo]
FEH A Fsiot.

E 30. 7to]4] 717+E 29 AAHAYE

AN kil
A= Rix

ey ® A soND a s o0 N D
MEF
Enteromorpha linza (% 52)) + o+ +ooF
Ulva pertusa (7-8 2 3}2H)
Cladophora albida (% thv}c] ) + o+ o+
Ceramium kondoi (¥]@+E)
Lomentaria catenata (7}t] 22 0]) + 4 + 4
Polysiphonia morrowii (2.2-3-%&4) + +
TZ2F 2 7e AF¥E
Navicular sp. + o+ +
Caprella sp. + o+ + + +
Gammaropsis sp. + o+t o+ + + +
Polychita + + +
Hydrozoans L S . +
Mud T -
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EEAA(TY 290) ¥ AVNAEE(2Y 29D)= A=Y BAE o] FdA
o3 AolE HolA ggton FARE WE HES Yelyuch

G AE F%, pH, F5EF 99 €94 ¥l X 3139 2o 7
FAH oJFANAN ZAIZE Fe A4S 017-040 m/sec, pHE 7.58-7.92, %A
F42 1m9] FFFFE 942-1,454umol - m? - 57, Q1AFH 9] BEE 0621-0.779ug
-at/L, Fd4Y FEE 6.754-9.621 ug-at/L WY, o|5 S4ZANA 37
o] ¥ vl FAFHoR o]FAF

- 3 40
—— 3k —o—HIYUE A ~8—FJke| O BYT B
ED
n 5
£ = MOA
215 B
2 &
i 2 20
210 3
E @
@
. 6 2
0 20
Jaa Feb Mar Apr My dun Jan Feb Mar Apr Way dun
16 70
—~—3Er —o—wuE ¢ 80 ——3Ef —o—=yE D
12
”E 6O
2 %
o W & 40 J
£ =
~ 1]
Q 4 R
° E
o 2
4
10
0 0

a9 29. FA7F APolFe d7ws).
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¥ 31 ¥4 B &5, pH, £3EF, IId U w3t

4= Axg r4x
[e] [+)
4] as | | pean |TOUENN ) ge || samy | SIS
(ITI./SGC (md'm 'S) (%él.}ﬂ) (m/sec (1]11!)]'111—2‘5-1) (%;‘(_li)
Jan 06920721 0.621-0.634
029031 |79879 | 962-983 038040 | 782785 | 989-1,104
2007 94579572 74527461
09120914 0.694-0.697
Feb. | 027028 | 768772 952963 036038 | 790792 | 961,106
9.450-9.621 7.681-7.690
0.845-0.860 06340646
Mar, | 025022 | 758762 | 948985 037040 | 779782 | 981-1,115
8812:9241 7.355-7.370
026028 | 773791 | 991-1021 08140750 034036 | 785790 | 1,071-1,154 06010624
Apr. | 026028 | 7737, 8.924-9.054 T e 6.8956.910
May | 018020 | 762831 | %42-124 07600775 031035 | 783789 | 1,100-1,344 0.60£0610
ol et bkt " searsa || o I 64516467
0.762-0.779 0612-0.620
Jun | 017019 | 788814 | 11251337 030032 | 7.87-781 | 1,134-1,454
8.891-8940 6.754-6.842
E 32. A AFE A4 A A= & YA
A E g LA . =
. AYEA . AYEA
4 aggas 4,‘33’ A ANE  AgeAs 423‘ e ANe
(71/10 em) () &) (kg/m) (71/10 cm) () &) (kg/m)
Jan 2005 - - - - 31#14 01:0 - 00030002
Feb 02:01 0101 - 0002¢0001 10545 0402 0101 0.007+0.001
Mar 03201 01:01 01201 0007:0001 16463 0703 11+02 0.009:0.005
Apr 0601 05301 12:01 0011:0010 220107 02402 2004 0.031:0.004
May 151402 15:05 14403 005410015 2524106 4407 26412 0195:0.012
Jun 25:05 51104 36402 013010001 357455 95409 45406 0375:0.245
Jul 254420 105421 37414 051240012 227447 159+18 69+05 0919+0.086
Aug 204+15 157424 38t12 5015+1405 250452 201#12 72+05 7451+2075
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2) FAH 71F B4 A=

7h ¥4 o13E A AFx

FA oiE FAY F8 AFE F ALFE X 329 2o YT ATIA
20043 1297 FAHAAF AFHRL Y FEH oF9 F$ AHEAY
e 24 7E Yeh}y] A3ty 395EH EXE PA37] AlFEHn 59
Y wEA do]A o] o]FoH HFHAFo] 15.1+0.2cmo] 3P o,
3710 899l 5.02+141kg/me} AFFE BT BAE ojFoMe FPFA
o IS 1958 yehtr] At 243 EXE #4387 A,
3EFE WEA dolygFo] o]FA7] AZse FFFF] 16.446.3cmd
23t on, 87| 8¥d) 745+2.08 kg/m2] AR B}

W) 4 - T4 i FHET

AZre] Ao wE FAEIHNE ¥ 337 gl AN g8 AFAE
AEZ A4 20059 8o FFL 21:04cmPow AYAELS 0.81+041kg/mES
YERARIS. FAAA8 Y o EeeAe BT A 20059 899 G
20.1¢1.2cm o0, AaFe 745:2.08kg/mE el o] AW wE
A% R ANZe Zolzt v A vebgtth ey 20079 FAAEAFE
¥ 333 #Zo] 7484 H FAANAY Fe L 20079 6¥] Z4Z 6.7+1.5cm
% 71+15cmE FAME AFE Jveiden AAFe F494849 A
0.40+0.21kg/m 2 FA4A2]9] ¢ 045:025kg/mZ & 2}o]E Ho|x| &ttt
ety FERAE o]&3te EFAE ARG A AT AAFE ALF
o2 FAY & Jo A8 E o8 FIAE AR A Rz
Aot Wz e gl wet FAEA Bl ZA g § UASS 9
Eid=
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¥ 33 74 - FAAH BYdE HHEH

84 (A AR) F44 (a4 AR)

T Auads AugaZel BA% ANE ARGAST AReA B AN
Aha) (m  #) (gm B0 @ (F) (gm

Jan. 2005 - - - - 31414 010 - 00030002
Feb. 03:01 0101 - - 105845 04102  01:01 00070001
Mear. 06:01  01:01 010 - 164163  07:03  11:02 0009:0.005
Apr. 08102  02:01 01:01 00002:0001 220107  12:02 2004 0.031:0.004
May 11507 04501 03401 000L:0007 252:106  44:07 26412 019540002
Jun. 23111 09402 11:03 0200150  3H7:55  95:09 45106 0375:0245
Jul. 4514 14106 12:04 05410412  27+47 15918  69:05 0919:0.086
Aug, 91£21  21:04 0401 0812:0406 25052 20112 7205 74512075
Jan. 2007 - - - - 45¢12 0240 - 0.001:0.0006
Feb. 31:04 0101 - - 135t62  035:02 05:01 0.002:0.0014
M. 135:35  04:004 02:01 00013:0001  233:107  05:13 0802 0.005:00021
Apr. 77490  151:03 0802 0008:00012 263118  055:01 1205 0.009:00031
May P53 44412 11:04 004120011  273:608  39:14  14:12  0.08:0012
Jun, 38062 67£15 18:07 03%5:0210 37264 715 21105 045240245

th 44 F4E A= £ FHEH
(1) ANFPNNT S48 AFE 2 S48
Azre] FNF FA7 N T 1493E 5497149 4 £4(05, 1,
2, 3m)dE ARAE @ FAEIHE E 349 2ok A7) FEAFAE ZF gAY
A= 4 05m APTFAA FA 1549F AYPFAZT &332 AFA3IA
on 60YF EAZ}F o]FojX7] AFEFIL, dA 1208F FAFo] 47+1.2
mmd] E3Ah £4 1m APFAXNE FA 159F AHGA 8817
AlEHetRon, &g 30¢F EAVE o] FolR 7] AlFE e, ¥ 12083 ¢
Aol 52415 mmd] =234t 4 2m AT E A A 159F 3
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E 34 379 AR 70T FE A= R FHEF

A7) %A " Depth (m)
a7 T 05 1 2 3
P2 471 /10cm) - . ) _
S 2005 APARN@m - i ) -

A ¥ (kg/m) - - - -
APALGN/10em) 2415 54+0.1 45+141 7.4£2.1
AYPAZol(mm)  05:0.1 2.0+0.6 30426 32413

P A F(3) - - - 0.6+0

A (kg/m)  0.0003£0.0001 0.0006+0.0001 0.0014+0.0002 0.0028+0.0005
HYAFGN/10cm) 35201 9.521.0 13.526.25 20.67+11.3
APAZdo(mm)  1.0:04 26+1.2 35116 40404

» EFAFH) - 0.2+0.1 05£0.2 14+1.0

A Atek(kg/m)  0.0004+0.0001 0.0015+0.0011 0.002+0.0014 0.0045+0.0022
APAF(N/10cn) 38414 15.3+1.2 23.3£10.7 3134252
APAZol(mm)  27+1.0 4016 50+1.0 6.8+0.6

® A 5(3) 0.240.1 041019 0.8+02 22410

At (kg/m)  0.0007+0.0001 0.0021£0.0015 0.0072+0.0051 0.0072+0.0042
AYPASF(H/10cm)  4.33+1.94 16+2.08 26.3+6.08 36.7+10.02
APAZo|(mm)  3.1+0.1 4511 5516 7.1+0.7

» EA4(3]) 0.4:0.1 0.6+0.2 1.170.29 2.140.19

ANekkg/m)  0.001:0.0014  0.0035:0.043 0.0108+0.0016 0.0086+0.0012
APYAFGN/10em)  55+1.3 20.5+2.4 27.3+2.7 21.742.5
AYPAdol(mm)  47+12 52415 19.0£2.1 14024

120 EA () 0.420.1 0.620.2 1.19:08 1.11+0.7
A ¥eF(kg/m) 00260004  0.0283:0.125  0512+0.013 0.0171+0.0024
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(2) 3;5;7]0&/‘6]7121'%' ‘)l:/g% }‘378'5 Tyﬂ_l o(;l:/na]_-é-‘:ﬂ]_

AzZtel F7148710F 4 F£4AE A== F 359 2o ¥4 309F =4E
25 Im A@FNA @Gl HYXIA 95£25cmz 7HF wWE AFE ER)
Rom 3m APFAA HAAQ 45217 emE YERAATE I 0LFE 052m
AEFAA A% 1m F FZd AAHF] 1kg/m °14S YEI oY $4] 3m
HARATFANAE 0.3410.14kg/mE YEMAAT. FF W0LEFd= F4 1m AFF
M E€% 233:34cmE HiAE U 4 3m AP HAA
142+21cmE YRS $4E AL %4 908F 4 1molA Hdix)¢l
7.22+047kg/mE JEMIN M, 4 3molA FHAXQ 1.03+0.25kg/mE }E}
WAtk webr] 71 %471E A7 R A FAL a9 317 Zo] 4
1m¢l Aoz vtehytot,

H 35. Ao A7IEE 70T A ARE H# FHEFH

L . Depth (m)
o189 Ls 05 " 5 3
AYAF(71/10cm) 55411 (&%) &%) (&%)
0 g A2 o] (cn) 3.0:0.2 - - -
(5 May 2005) 2A4(3) 20+1.1 - - -
At (kg/m)  0.025£0.0015 - - -
YA (N /10em)  9.7+2.3 15.1£3.6 55+1.4 50423
20 g A 4ol (cn) 5.0+1.4 95425 70424 45417
EAF(3) 32411 46142 20417 20408
AAbEFkg/m) 035110013 151240513  0451:0.147  0.201+0.011
AYA (71 /10cm)  2.7+34 97445 6.7+3.1 6.7425
60 YA 4o (cn) 14.145.8 192424 16.242.8 12.6+3.0
X 4(3]) 8.8+3.1 8.0+3.7 69433 6.0+1.4
Aitkg/m) 10620175  4.102¢0249 19350514  0.341:0.144
APAF(H/10em) 20407 93425 9.0+2.7 2.3+0.8
% AP A2l (cn) 16.812.6 233134 19.812.5 142421
A 5(3]) 55134 74+1.1 6.4+3.1 6114
AAbeFkg/m) 15830461  7.215:0466 3427+0.615  1.032+0.247
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Uehhginh. meb P AS

ok

F 36. F9UHE A4 W= @ A

W AAF g AA RRE Ao
el P9 FRZ ANE BE Rol s, oy
B Be ANFE WA PN

PRe HeFgosy
AL & e Bl Ak

4 = FAH

(FAAA L) e e 275 AR
A Y =470 /10cm) - - 19.75.7

]an( 02)007 2 A 2 o] (cm) ; - 5.3+18
A 4(3]) - - 4.6+0.8
A F(kg/m)  0.0014+0.0001  0.002+0.0002  0.153+0.408

Z G A 471 /10cm) - - 12.343.2

Feb A YA 4ol(cm) - - 5.7+1.3
(30) BA4(3]) - - 6.5+0.7
A (kg/m)  0.0027+0.0001  0.003+0.0004  1.208+0.906

A Y =470 /10cm) 25.0£6.1 73.7+26.7 11.0+6.2

Mar 1Y A4 o] (cm) 0.5:0.2 0.6+0.1 7.5£3.0
(60) B2 4(3) 0.2+0.2 0.030.06 3.8+2.0
A2+ (kg/m) 0.01£0.007  0.017+0.0025  3.889+0.862
HAYASF(N/10cn)  34.3:4.7 81.7£15.0 9.0+1.0

Apr A YA A o](cm) 1.9+0.2 1.4+0.06 11.3+0.8
(90) B 4(3)) 0.410.3 0.7+0.3 47+0.6
A 2 2 (kg/m) 0.024+0.007 0.0230.01 4.210+0.225
APAF(7/10cm)  48.7+14.6 57.7+14.3 47.0£17.5

May 214 A4 o] (cm) 32205 3.5+0.1 19.2+1.9
(120) EA4(3) 3.120.2 2.240.2 6.940.1
A 2 (kg/m) 0.362+0.165 0.3730.062 5.510+0.207
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¥ 37. 7}oly 713t mE HzHe) FPET

o8 d

rasaany | AN | AR Ge/m) | ARAF () | A9 @) | #2F @)
Jan 2006 0.005+0.0003 - - -
Feb 0.005+0.0009 - - -
Mar 0.008+0.0014 14.0£2.0 0.8+0.2 -
0un-]18102005) Apr 0.020+0.001 31.33+17.5 1.6+0.4 -
May 0.0293+0.003 16.7+2.21 1.75+1.06 1.1£0.1
Jun 0.572+0.398 9.0+3.5 103+1.2 3.8+06
Jul 6.199+2.809 22.0+4.1 17.2+8.8 7.1+0.6
Jan 2006 0.004+0.001 - - -
Feb 0.005+0.001 7.0+1.4 0.3:0.2 -
Mar 0.005+0.002 11.5£2.02 0.27£0.2 -
7 ull- SAF)ug) Apr 0.017+0.002 7.3+5.8 0.26+0.2 -
May 0.027+0.005 5.3+4.0 0.31+0.27 -
Jun 0.216+0.091 20417 7.3+4.4 3.8+21
Jul 6.434+1.684 17.0+11.3 18.8+4.5 6.7£03
Jan 2006 0.004+0.001 - - -
Feb 0.007+0.016 39.0+18.0 0.6+0.2 -
Mar 0.008+0.003 24.3+11.5 04+02 -
( Aulgz-gep) Apr 0.013+0.002 28.7£3.5 0.9+0.5 -
May 0.032+0.003 21.3+3.5 0.8+0.5 -
Jun 0.144+0.001 16.7+11.2 2.8+03 1.5+0.1
Jul 5.637+0.572 14.5+2.1 18.0+2.5 5.9+0.8
Jan 2006 0.006+0.001 - - -
Feb 0.010+0.009 27.7+18.6 05+0.2 -
Mar 0.008+0.001 36.7+6.0 0.530.1 -
(Sepg-(é)ct) Apr 0.023+0.003 59.7+22.5 1.1+0.2 -
May 0.012+0.002 35.3+4.9 1.0+0.2 -
Jun 0.526+0.074 26.3+11.9 41+15 1.920.2
Jul 4.758+0.530 13.7+4.7 19.1+2.8 4.0+0.6
Jan 2006 0.005+0.0004 - - -
Feb 0.004+0.0001 - - -
Mar 0.004+0.0002 - - -
(Oct(jl.ilov) Apr 0.004+0.001 - - -
May 0.015+0.001 2.0+1.0 0.5+0.2 -
Jun 0.415+0.001 12.0+1.4 1.8+0.3 -
Jul 3.184+0.123 24.0+12.1 19.2+3.5 3.2£0.3
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W) FA7INE AAAE 2A

FA7N10F 28T SHFANEL B 387 2ok A=A 28 HIYEL
% 17502 S&F 13% & 72759 7 8 4F02 JExET A=
ojFdME RELHELH] 19REH X&HFHo 2 o, dvds 1€
5E 4971A a8ln Y29 e 395EH 6¥97HA HA Forete AFE
et AxE] oFee WA FFo] ggtor} sie)d 7zte] n)ste]
AN E SFULL L2 Aog YERT

HAE ojForx 8% AANEL F 15522 XFHF 13F5 € 7g85E
202 JEgth BAE oFAe 2F 4250 48dly FAld] wAo
FARRAE dRoy 149588 497K Ao FFo] gron 49 o]F 64
742 Azt e HEsrt 3k

A7t FA7I1EE SIFAES o3 F4% s FEHA Ak Y B
AR ZFo] Uehd HEFe AE 69 olF F20] A&EFHog s HY
s AdFez LdF o] JAde & 9T FA ¥ Ao YEnt.
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¥ 38 FZe dA 0B HHAE

FA AP 1%

g i iz

8% J] FMAM]J] J FMA
=57

Bryopsis plumosa (AE'Z) oA+

Enteromorpha linza (5}2)) + o+ o+ o+ + 4+ o+ 4+
Ulva pertusa (T-"825t2) + o+ o+ ++
Cladophora albida (Eric) )

Cladophora japonica (ZU)w}t]H)

Ectocarpus arctus (H254) + o+ + o+
Petalonia fascia (74=]94]) +
Undaria pinnatifida (¥]%) + + +
Laminaria japonica (THA]v1) + o+ +

Auduinella codicola (3 ZHE-L8) + +
Corallina officinalis (&%) 4
Hypnea japonica (Z3L2]71A1$-7)

Ceramium kondoi (MI'GE) +  ++

Acrosorium polyneurum (A2533) + +
Lomentaria catenata (7} ZE-0])

Lomentaria hakodatensis (o) 719t &=0]) + o+

Antithamnion nipporicum (J3E) +

Ceramium tenerrimum (GH|HE) ++ i

Polysiphonia morrowii (E29-5F24) +oHH HH H + 1+ + o+
TER R 7IE SHAE

Navicular sp. + o+ + + o+ o+ + o+ o+ o+
Caprella sp. + o+ 4

Gammaropsis sp. + + o+ P
Polychita +

Hydrozoans + + o+

Mud + o+ o+ o+ + o+
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3) A4 A= &

) AAAZA Ax5E

tlo

A7e dirdo® AdAxR PHE ANt Sl @ JMEee WY
ol gttt AA AXA HZ FAY FF WHsE 50g wFFS VFEoR
SRS W 29 349 o] 10X AH & AulgEEe] FiE 7% B3
48N B3 F s o] BT 18%FE JERTh
A AxFE E3L Y89 dry oven (80TOIA 24A17t Ax)S |43t
TEES ST AF R 399 2ol 5T 100gS Vo= IS o HH
&L 513:0.32% % et}

¥l
A
u

Relative water content (%)

Time (h)

9 34, 7] AdAzA FFEREF sl
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£ 39. A9 AxFE

T & F%% (gfresh wt) AFF (g-dry wt)* AZzTE (%)
i 102.33 523 5.13
B 252 0.23 0.32

* 3ukE Ao HHgk
*»* 80TCAAA 24A17F AZRFT SH X,

W) AFARA eE2AE 349 FEFF L A9z

A7t 8 o]F AAWAxXE dilso 015121%1 ZANAN AZE AANE
A 9% dste 29 359 2ok dx &7 FUMESE A7 949
Ao EEFe we wE2A Fidste S UrEhH%iP_t% 40C ZPNME
24X17Y, 60C ZZAAE 12417, 80T ZAdAME 643 & 100T ZHNAME
A1z ol AR F 10%0]312 AXRFH= ALE YERT

AzxE A7 A9 wsle 1 367 Zo] AAGHY AEs HETE
SIS W 100CelA 3R AZAIZ A57F 29 7 2430

100

Tetmperatire{ )
80

—0—40 —8—60 —O—80 —8—100
60

40

20

Relative weter content (%)

1] 10 20 30 40 50
Time (h)

a9 35 AHZte] exxAYW Ausidsr Wl
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gg — Control
—40TC

; 60C
—— 80
——100TC

% 36. YAA BN A8 A AxA 2ExAE A9 W
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4 A7 ¥4 w7

g gx Ao HZhe] 7lo]d] F FAARFT 29 Wset 7 F44
FEge] € d3le 1% 377 2k £ Wil 8.0T~248C71A W3
dRer H3u £22 9¥d 2x HA F2& 299 FF 7SI
BEF 2x9 FAdxe 8€ 11 XX & 5€4 47 7EHAh

7] 7teld g FA7TF 4 FAE ARZE € FAHS FFLFY
#AE E 407 Zoh 7te)d] 60¥F A 05m AFTFY AL
0.055+0.032mm/dayZ HtHAE Yehfiglen, £4 1Im 4F 7Y AAEE
0.052+0.018mm/day, 123 4 2m A@FA Y7HIAE-L 0.017+0.005mm/ day
o] ¢22 Ueyt. wapx JZe slo]y 7tF HAF £4L 05m olH
o] A|718) FFBFE 924+132umol m'2 YETH Hzhe) slo]Ae %
FAT} F£FFAT] BAE Y = 088X+748(°=096)¢] Aoz ®FE & 4 Uk

A4 AINEAR 71T F FAE AFE 4 FAHN £5FF A
F 403 Zrh A7)GA 15089F F4 2m AFFolN YA o] Hux <
0.113+0.003mm/dayE YEMAN L™, £4 0.5m AFFlA ATARFE
HA 2] 0.018£0.007mm/day S YERHATH wepA HZe] A7YAF 713F
AR 4L 2m o|n, o] Al7|e] $FHFL 248+116umol ms'2 e T
Rzte) ANFAR 7105 FA4AH FFFBRY BAE Y= -0.62X+6.86(r°=0.98)]
Aoz FFS & Atk

A4 FNGAE 7T A FAE AFE 2 FAS FFEFFY A
F 407 2ol 30194 904 F 4 1m AP TFolM A FEo]l Hx)Q
2.2620.19mm/dayE YERNALH A 05m AP PN YAFE0] AR
1.24+0.15mm/day & JEPAATE wetA AZe] FFA 71nF HR FAL
1m o|® o] A)719] $F B 632:266pmol m?s'Z e AZbe] 7
FA 710F FATS £FFFRY BAE Y = 054X+7.27(1°=091)8] o=
EES & 5 Aok

e F719AH AAFT 285 E A FFAFE o83y GV T
AVed FAFEFSE F3F A= ¥ 419 2o F4 1m AP FA

fo ro L

- 134 -



dolA 7.22+1.03kgfresh wt/mE ©o]-&3std AZFE 5% FHgalx D93
1ha3d 20H& A E3AS A-F, 349 ANFS 3611kg-dry wt/haZ 373
& 4 Atk o] QYT FRoZ I 41,165 Wl B3t wjHe] A
14,3048 Q3 vlwstA WS =o Zdolaln & 4 ok
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E 40. A7 ¢4 9AE A F£FFF B

Length growth of erect thalli
iti i Regression of depth
oFAJTHA Initial Final Culture Bress :
(ml) Length Length  duration ((Erowﬂ;arz;ie vs LN light
(o) (m)  (Day)
05 0 33419 60 0.055+0.032°
ol 1 0 31+11 60 0.052+0.018° 088 =748
7 b . 88x+7.
+H +
2 0 1.0+03 60 0.017+0.005 (#=096)
0 - 60 .
05 20+1.1 4721 150 0.018+0.007°
20412 52411 150 0.021:+0,001° =
A7 b 0.62x+6.86
2.0+1.2 190416 150 0.113£0.008 (#=098)
20+1.1 14.240.7 150 0.081+0.003¢
05 302¢15 14214153 % 1.24+015"
}937] 1 302413 23324181 90 2261019 Py
2 30214  1985#216 90 187402 (?=091)
3 302+15 1684201 % 1.54+0.21°
- FAIRT e AYA FASA Ge
. BE X E 3uE AgTe] Jad TFHUAY.
¥ 41, AZre] S9AF T AAF D ALl =3
A AA AR 2 N FRANY (A /ha)
(m)  (kgfresh wt/m) (kg-dry wt/100m)  (kg-dry wt./ha) Fkas k!
05 1.58+0.51% 7.9426° 790 9,006 750
1 7.22+1.03 361452 3,611 41,165 14,304
2 343+0.6% 17.2431° 1,720 19,608 1,634
3 1.03+0.31° 515+1.6* 515 5,871 489

* 3ukE AYFe] PWHEg EEHUPN el FdAY 7] dE HAe o7
zol& 7HF (p < 0.01).
s, A7bo] AZFL 80TNA 24X AZR3FYL W] 5%2 Ve,
o HElG RO 7HALS 1mE 1A,
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4. 3719 ol % R BAY £4

7} o] &

1) AZFEEC] IXNIFTLE 4% FFY TAXE &4 B 2AES
v X 9%
7h A&

H g ggs 2 ATsE 122 34, EAAEFY A3
F7tgd we v HEF, T4, 18Y, 3= 59 4F AgsH
ol Eojuval ok B FAE IRGERAle 9std =52l AAEd
A 1Y A HAFo] 19699 169 g, 2001 416 g2 A&Ho R Zybsim
Ath(Korea National Statistical Office 2002). ©]& 3t AHH Y F7te AU
AAEFS STHA /714 28] dHE 2 APEEo] A Sl 44
o] =31 ¢lth(Harris et al. 1993; Cho et al. 2004).

T8 7A A#FT 1A EBZF(hyperlipidemia)e 87 o cholesterolo] 1}
Z A A A(triglyceride)e] HIZAZHo =2 FH71E & <9 vdtHSamuel and
McNanara; 1983). 11X 8%F, &3] Ilcholesterol 52 FAFES FEAI&=
Aeg dHA don, te] FF ¥g wa Ao A %< 5459
B35 Aeoe EFE HAaAA ¥R AFAEU FASH A2349
Aol HE=E gAFoR Fa% FA/ Ao 4¥HA Ad dAd=
o] XA HE F cholesterol =7} £83 QxE L3t AoZ U4 A
Nen, dF FYLHE s AN ZEHY dFsA KAHG AL
HF MFH A EF TE oA AW SHH aX¥EF, FHRs8, Y
TNAGT] AEAA FAFE 2 AHGoldstein and Brown 1975; Kang et
al. 2003). £3] ¥F FHZEHEFEY S/t FHF ol g% A¢x=
AL }(Lusis 1988), HF-& 4jo]agldl 3] 2A IS we Aoz IHA
AL DZFH2HEIFS AT HETY @A AHAAZE /M e ¢ A
A HGoldstein and Brown 1975).

TS 7oA EZRZEAHOZE CholesterolS +-8F3= LDL-cholesterol(Low density
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lipoprotein-cholesterol)9] FX=7} oW AIBA ZAEY 3o =o.
LDL-cholesterol®] Z7}=cholesterol®] #FthdF, 7HAIE YR A cholesterol
ARF7E R olgt dAE TAXE B LDL 84 84 Hid %
Aoz d8x Ul ubHe] HDL-cholesterol(High density lipoprotein -
cholesterol)& T% 9] cholesteol s ZtO.2 o] FAA HFALNLE WA 7R
AEAA Ao tigd dAaHE Adrh @A BH F cholesterol FX,
% cholesterol ¥x¢| ™3t HDL-cholesterol 5X%H], HDL-cholesterol & Xl
13+ LDL-cholesterol®] Bl AEAAF o] FFS F= F83 UAXoltt
(Kannel et al. 1964; Lee et al. 2005a; Lee et al. 2005b).

H ZHHXE cholesterol #/dolA HQ3d &AQ 3-hydroxy-3-methylglutaryl
Co A reductase(HMG-CoA reductase)E JAIe= ¢FEE°] L cholesterol F
XNEA F 7P E93F ez g Utk o] #elX cholestyramine,
clofibrate, gemfivrozil, nicotinic acid, probucol §°] FFAAFTEE IFFE
GFEZ JidEe AMEHI glov I adte tiidd weEl dARFX ¥3 o
7HA H2go 2 Q% #AHEE =2 T

Aolx AF9 3384 chemical drugE-e AT75 o2 FoA FFEH
Ztoll Bol7tAl Hw zteA tiRE] oL B, AAH dF AFS T8
HAE 7|2 Fo) gad AU §F5F chemical drugE2 tiFE Zho] RS
F3 g8 7FA RFAE&S AT wepA @A dAAA SFEHL A=
AAASA Y B71B Lo & AFPEAE A7) S8ty FHde Hd
AEF9 FHAAH AV AERAEY o 2 A5E A AFHL Ao
83 cholesterol &2 AsA7IE AFHA HIWHA A olard g
#Ho] nZHI g3 FIHERAAN F52H VISHELES o8& IAEFY
ot 2 M AI thet] A7 B2 AAolthLee et al. 1997; Lim et al.
2005).

AERA AF F29 AIARE LY, HojdHd, sixf{, HEHA
22 2 $84 o] AfaFol EEAHA ol 7I1TA AFd g #H4lol
AZHa o HoldfAe] AreH AP tig A= =oAL
A= F=AojH.
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HZ27Y 4FA A4S U T3, 4B 8 29U 9o,
olxzgl7} TR oA Loz de o]&H3 9lon(Champman 1962; Kang
1966; Velasquez 1972; Oh et al. 1990) L. ARE Wty FFAZ o]
H A (Kang 1968; Hoppe 1979) ¥lx=7] A& o H|vEX] 8 (Tseng and Zhang
1984)ll °] &= o] stk =T Fze] FEEde FAFE] e acrylic acid,
F33 BHEH, &L To) FhHe AS B o ¥¢ ¢ FEAH]
a3o " Tl sle Aer WA, f3t F 7 Ropdxx &2
T e 78 qEoln tFe Ho|H{E I ol IAEFT H HIMAE
o] FREAZA 7FeAE WX ' HZF o] (Cho et al. 1990; Rogers
et al. 1990; Rogers and Loveless 1991).

ueta HJZto] A APEF F HITXE FREAZAC] sFeAd FE3H
AAPFor A &4 % Ve 2 BF AdFRdd viAe ARFEE
23S A¥Hes FHstaa & A7E AASAT. §, LA 0|Z A
st AALEFE FEAZ ratd] FAFEEL FAT F T AFY #F
WHE gdsted Mg 83 #4484 Aspartate Aminotransferase(AST
: @3 SGOT), Alanine Aminotransferase(ALT : 83 SGPT)e A& &3
son, AESH 1dY, THUHFEF FAF AFIAL EF W F8
A AdEtriglyceride, T. chol.(total cholesterol), LDL. chol.(low-density
cholesterol), HDL. chol.(high-density cholesterol) $4X]& ZA3 ¢t =3
AAFEE] AAEFoR &4d AR X 9T S 93
AR S o] &3t o] AP T A+E APt

) A¥AE 2
(1) 285E & 49]

AFFEL YAAZFo| 7929 = 1.73g9] 452 Sprague Dawley F 4
83 RNFE (F) dPuoleF TN FLat] Al AHE3ATh 157 T
AL AN AHSAFoH, ALY 2x9 FExv 2+2T 9} 45+5%2 &
F5S FAFHeY 1247 vt} ZREE vlo] FUh Hole ARES

L
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RN (F) FHN=) Y AR AU HE Ho R T§5E HA
}=5 Sk

2 43T9 BEF

15:3t0) HgrIzke] BY F ARWRZEIRAC] + FREF), SAURE
(PR SRRl 70% + ABA] 30% + BHF), FANEEANDE 24
o] 70% + 7]¥2]o] 30% + Blood Circulation Promotion Solution), A3
(A3 o] 70% + FLED 30% + 7)Y 409 #o2 BRI
Zt F& 8ulEle) AR FAINAHRE 42). 479 AlRE 140g9 1AL Al®
(Dyets INC., DYET# 101865 Custom, AIN-76A Based Purfied Rat Diet With
15% Palm OQil, 1.5% Cholesterol, and 0.5% Cholic Acid)°ll 60g2] 7]&2]0]
EE 60ge] HAELTS EHA ARSAL Z ALR 200ge 5577 "
Af-2lo] 3HA dlgem FF59F BCPS(Blood Circulation Promotion Solution)
€ WE AR A FAZE o] &8t AT T

() AGEL N7 =4

3712 dry oven(60T, 48h)& o183l $A3) A=F F FAV(HSEA,
F3)E o|83le] 10mesh olste] =7 BVHF F 4T WAz BastEA
A5,

4) M8 F49
7 ARE % 2005 4 RS, $85E ARl Ha PRz
Blood Circulation Promotion Solution(BCPS : Ginkgo biloba extract 120mg#
sodium benxoate 60mg/mé2] &%E, Cho-A Pharmaceutical Co., Ltd, Seoul)S
/‘}%3}9&‘”‘11 FAFe AFE 7o 2(MY 60mt/ke)dt AAFES BT
AFE Adste FAsHoh UvA 22 SRTE % 4, FANHLE
E ol e,
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(6) TE¥A
AR v Y FEE 164170 F4& A7 ethyl ether2 oFslA] vFHAIL
e A BERE FE FAVE o]&3te FUA YA 3~4m BHE
AEE F A EDTAVE Qe FEC 53t naAsAT AEIAF &
HEslo, FA Y48 AYHEFE AFst qFAAZ BHe EVE AAT

©) Aol, ¥&5 &3 2 AFH FrY % A
AFFTEY o] HHAY 859 XL WY FHIAT A AF S
Fulth AABEAT WE A7 A F3E A8 A AF S FAEdY
FA WZtE A E9FE AFsa dHRAZ EHY EVIE AASY FA
£ S8 en FA $4 F 12 2FTF AAE 37 8 HE 5
UF1x1x1 cn)E AHIY 10% 4 formalin ol THAIF )

UEEEEEE
(AST, ALT, HDL~cholesterol, LDL-cholesterol, Total cholesterol, Triglyceride)

Zzte] AT 2RY AFTL R F24 0EAE FAFT F YL
(6000xg, 15 min)3} VS E2 F A Y33F HAE A3 AHSHUT
EDTA free tubed] ¥HL 93, 30837+ AL Wx3 & 3,000 rpm2
S22 1583 AL2@4TC) d4E9 sty €& S o&3 AT EHY¥EL
Zt71% Aste] AFE HAQl aspartate transaminase(AST)S AST(GOT) kit
(Bayer, USA)& Al4-3le] Z73}% 3 alanine transaminase(ALT)2 ALT(GPT)
Reagents kit(Bayer, USA)S Al&-3l ZA3ATE. E§ F Cholesterol 9
FXZE Cholesterol Reagents kit(Bayer, USA)S A8-3t] A5 A3}el 247
(ADVIA 1650/2400, Bayer, Japan)E °©]8-8t9 Z33}%1, HDL(high-density
lipoprotein)> Direct HDL-Cholesterol Kit(Bayer, USA), LDL(low-density
lipoprotein)-cholesterol LDL~holesterol kit(Daiichi, Tokyo Japan)S A}g-8}<]
A5 A8t 4 7](ADVIA 1650, Bayer, Japan)S ©]-83l9 =33 goH,

- 141 -



Triglyceride(TG) &X+& Triglycerides reagents(Bayer)& AMS-3to] A5 AY3}st
-2 7](ADVIA 1650/2400, Bayer, Japan)E ©]&3le] =434},

8) FHHAAE 7 (TEM) A8AZ 2 AEZ2Z A F4

Ztzke) 29 FHE dH=EE2 FYHE A F S A U A%
HALNA 7B R 4L Folwlth. 2 F A F509% NaChE &
st RS Molui 1P N(4% paraformaldehyde®} 2.5% glutaraldehyde)
o2 12A7F nAsATh A oy L2H4H0s04, 2% Osmuim tetroxide)
o2 N B¢ A2AM A F the ST Bre dees FrEE
604 AFsAtt @48 £ L propylme oxideZ X]#3}4 epon resind]]
Euj3]A] incubator(60TC, 72217 AlA FF3tAT F&E ZF2 ultramicrotome
2.2 60~80 nm FAE HHES AF3}A copper grid(300 mesh)F-2A1Z TS,
AZAZ] £ 1% uranyl acetated] ] 1583} lead citrateZ AX} A3l F3}
A 2@ v 74 (JEM-2000 EXII, 80KV) 2 #33}h.

9) AT 4
EE AREL Hod EEHAE YEUNeH A5 FATEH 42
SPSS12.0 ZEZ13-& A8-34] Duncan’s multiple range testZ A ITE 79
o4& vmst R TH(Zar 1984).

o) 2% % nF
@) AFAsF 2 oAF 20
553t LAY AIRE FA F APFEY AFHIEE E 484 Jehidck
B AddA ATH SNz HF ASHUsFe 47 307.11+5.24g7
329.34+19.58g0 2 UENFOoH, YHURTY HF AFHSFL 321.831762 g
o2 Yehd wid, JAF L 305.39+0.86g0.2 Ve SANRTY AS
AAF Holg FFoz Qe FAHET HlE HFAF o] vehte
AE B F UJL FAFAFE F Jifoﬂ 7M. fAdE AFHSE
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Uetfo] JAF AT Aol g3 AFFr7 9 &F4E s

£ AR Yt 4858 F AF o 219 FA v AF T U
E 439 YEHAT AW HolE ArIFHoE HHE At ¥ 1
AF3t=2 7o) vigisiAA "ok ko] FFL AT 2oz s 3 23] Yo
A Fo] FAPOERN 1AL 2ol& HFAANL BRE FiA FVHEAUE v
ATA#/t RaHRAeY £ 489 daxx 7] AEFE B FARE 3FS
eIt AUz ol AF 7 bl 13.224064% 2 AT 553£045%
o} vt foFoez Fupste AWt 2 7139 ARs APHASS
& = ANT A 22 2olg Frl FAIHE o] v dte 99
Huol dXFS & § Uitk v FAUNERFL 4 1213+056%F  <FHe]
ZAXE JeEIYs Al o AF 7 Bl 10.65+0.79% S Uehlo) AT
2 SAETY vlzdtd 94 de ZFaE JeEddd. o3 dgs
A712F XA 0)E Tt FUEH AEY AX & JLETe] Ego)

B3 AF4E Jeidts AE 453 9gride dF 492 AlsE.

(2) AST B ALT 4% W3}z

7z} 29 AST ¥ ALT &4A ¥stFS ¥ 4] Yetddrh. B4
AST $X]+= 131.50+24.80U/LE Yephd v, SAUZFANAM 9 £X& 951.75
+204.80U/LE2 FZ3T F71E R ZA7|He] nAGAo] HHZ A T &4
€ FE 4 AU T FE A5 ¢ Y &3 ALNAE A AHT I8
Wz FA A9 AST A& 787.00:16245U/L 2 ¢Fzte] ZAE Yehliglen
AT AT AST & 662.25+233.70U/L 22X, SANZTY AST $X|Hr}
RA SAHAL BT AST FX¢ F94E YehlAdoh ALTS] H3tFe
Aol A 4225+10.31U/LE YElow, SANZTL 180.00+17.72U/LE
AA3] =:A JERTh o] 9A AU nAgA o] HHZ A I &S
ae £ AN, FAdETY ALT X+ 154.00:75.770/LE YElgoH
AAFAFe ALT FX+ 1435046121U/L2 veh} Sz Td Hls] @&
ALT $X& Uedor F4T @ SANZEH Blustd {94 e 244
E YE A
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@) F2d2EHE 2 FAAEAY =

33 U 22Y2EE £ FAXAY 52 E 459 YeERITh 22H2HE9
F& Aol 55.25+10.94mg/dbE FEIG W SAWET S 191.50+63.98
ng/ROE FA F/RIAL, FANZRTH FAFATL 130.00+14.54mg/ de,
132.50+20.34mg/ b E VEN} FolA FFH2HE =7 F94 A 4
T B 5 Utk 84 FARNAY e INE, SAUERT, FHURT,
A F o7 o] 54.75+10.87mg/ dd, 61.75+5.19mg/ dl, 46.20+6.45mg/ de, 55.00+10.30
mg/ ¢S] BHAE Jetdo] FAFAT] SANET Bl & FAHAEY
FFS vehgo] §94 e 23E YAt

(4) HDL-cholesterol @ LDL-cholesterol®] &%

¥4 U HDL-cholesterol ¥ LDL~cholesterol®] F%& X 459 YelUT
HDL-cholesterol-& 59733}l @] /Ao &3/} 9131 LDL-cholesterol
F2 59 daYd FY2HES FH3td FHAHSE dod F o] TY
AssH AgaRAAEY] o Fa% AFUAR E¥A Utk B HAFA
HDL-cholesterol# LDL-cholesterol®} #3}& 4¥XE W, HDL-cholesterol
AN A 24.25+2.63mg/dL, SUZTH FNETY A5 1350+1.29mg/dL,
20.00+1.83 mg/dLE UEston A¥F A$ 1750:311mg/dLE JER
337 vmFyL o9 30% °)F A ¥tk LDL-cholesterolS A4+
(9.5021.29mg/dL)F} &N Z7(100.25+27.44mg/dL)2] =tol7} &FAstA Yeht
E AL B F Jdvh FANET(55.50£9.98mg/dL) 7 4 BT(68.75+12.53mg/ dL)&
sANEZZH vaPS q FY4TH F80] de FAE Heddd =7t
AHHo 2 ¥F LDL-cholesterold=X] & w53 HDL-cholesterol =X & %7}
HozA RAZAG ARV SIS & F U

Framingham Heart StudyAlel w5 NIHZIEAME 483289 9dx @40l
THASATS AZAFAFE o] &3t 2 AFPX HDL-cholesterol ¥
total-cholesterol®] H]-&(HTR : HDL-cholesterol/total-cholesterol) ¥} & 73 8}
A 4=¢] ¥3}(AL, atherogenic index : total-cholesterol - HDL-cholesterol /
HDL-cholesterol), 47898 A]4(CRF., cardiac risk factor : total-cholesterol /
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HDL-cholesterol)E 43 BH HTRS HZAF o] 4= vla) 26y
E0E AERA 2FS NS AAE & ASS & F AT, YA
JRFe FANET] AAFAZRET oF 2ujd] Dis FAHE BAx, 4%
AJAeE FHAGFASFL 2L e H{h

IAGF L THPFY AFEA LA 42 F47 chylomicron?]
BEHE F7H713, oA 4% }44e S57H171M, VLDL-cholesterol,
LDL-cholesterol®] 34 @ EHE F7}A)7]aL, HDL-cholesterol &4 #4& 2
lipase 84 ZAAAA |2 1% dxZF A9 AR A|A ALE fEsh=
Zog BiFHw = v B AFPAAME Aol axPFoz FEH F7t total-
cholesterol, LDL-cholesterol3#c] dA3] F71%t AL & 5 A

o = FL total-cholesterol, LDL-cholesterol$F0] S A 3lE 5 AAZ437]4
A8 o o945 2Lz Z+ fele] F cholesterol ¥ & HF&
GEH 7154 EZY it B2 A7 =¥o] FPHT o 53] Q1A 4
FAEo] AL HAEZRE A e 71548 ERAS MEsdS 9 1 /X
s & Aoz A olfd A E o B A7 dAEL Y
FE AAEF AEA FEHEDEZANY /IS ANAFE e Algdh

6) MEXZHETH AT

a9 395 4 T T AE 2FHS FARAEELE #F dioln.
Y 39AE AAATY AAEN R ARNola, 29 39BE SAHRT, 1¥8 39CE
FAANET, 29 39D HGS FA% AP WAEr A Aol

SAUNETY AAANA AP Ae FrILe) aAgA o] HZE A% ¢
Z3e WAl vehy A3, EF o]2 AF AMEAAMY A}EdR FHE
SR ATt 28 39Ce FAHuzETe AAZA AARZ T T2
Mol SAdEZ Hl& AP S RAFEY. 18 39DE FLFATY
AN AReR SFANZRTY AA) vus o HEAqAe AREA
o] ZHo] FgHF ALIE BAFn =g I 29 WA YR
WHE ARE FoE3 USE UE FE Juide AHE RAETh

o 4
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E 492 ALY 7

Groups

No. of rats

Composition of treatments

Normal control group

Negative control group

Positive control group

Experiment treatment group

8

71 EA0]100% +ZFF

0% + SHT

*BCPS : Blood Circulation Promotion Solution(Ginkgo biloba extract 120mg¥} sodium
benxoate 60mg/mée] &E3E, Cho-A Pharmaceutical Co., Ltd., Seoul).

E 43 7 7o ASHIF 2 U AF 3¢ A

Change of the body

Liver(% of the body

weight(g) after 5 weeks weight)
Groups treatment Mean + S.D.
5-0
Normal control 307.11 £ 5.24 5.563 £+ 0.45
Negative control 329.34 £+ 19.58' 13.22 £ 0.647
Positive control 321.83 + 7.62} 12.13 + 0.56™
Experimental group 305.39 + 0.86" 10.65 + 0.79"*

Each value was represented as meantstandard deviation for 8 rats. Means with
different superscripts within a column are significantly different from the normal control
at *p < 0.01, **p < 0.05, and significantly from negative control at *p < 0.01,

¥p < 0.05.
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E 4. AST 2 ALT &%

AST ALT
Groups
Means £ S.D Means * S.D
Normal control group 131.50 £ 24.80 42.25 £ 10.31
Negative control group 951.75 + 204.80" 180.00 + 17.72°
Positive control group 787.00 + 162.45 154.00 £ 75.77
Experiment treatment group 662.25 + 233.70%% 143.50 £ 61.21

Each value was represented as meantstandard deviation for 8 rats. Means with
different superscripts within a column are significantly different from the normal
control at *p < 0.01, **» < 0.05, and significantly from negative control at
tp <001, Tp <005

X 45. Total cholesterol ¥ Triglyceride ¥%

Total cholesterol Triglyceride
Groups
Means = S.D Means + S.D
Normal control group 55.25 + 10.94 54.75 + 10.87
Negative control group 191.50 + 63.98" 61.75 £ 5.19
Positive control group 130.00 + 14.54™* 46.25 + 6.45%
Experiment treatment group 132.50 + 20.34" 55.00 = 10.30

Each value was represented as meantstandard deviation for 8 rats. Means with
different superscripts within a column are significantly different from the normal
control at *p<0.01, **p<0.05, and significantly from negative control at ' p<0.01,
¥

p<0.05.
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X 46. HDL cholesterol ¥ LDL cholesterol &%

HDL LDL
Groups
Means * S.D Means £ S.D
Normal control group 24.25 + 2.63 950 £ 1.29
Negative control group 13.50 £ 1.29° 100.25 £ 27.44"
Positive control group 20.00 + 1.83™* 55.50 + 9.98"%
Experiment treatment group 17.50 + 3.11"# 68.75 + 12.53" %

Each value was represented as meantstandard deviation for 8 rats. Means with
different superscripts within a column are SIgmﬁcantly different from the normal
control at *» < 0.01, **p < 0.05, and 31gmf1cantly from negative control at p < 0.01,
tp < 0.05.

. A4 4

1) BA4FHe) AAY 24

=R PN WS FoAL A A FRAN A4solAE BT AA,
AR3F FA Vo FPFE F5Y, ADY AAYL o gHE ¥
NzEel SF AL LRAAA, BA, BAFHe BAGE © ATevs
9 FHQ oAV F4Y, AA, LB JFPA Adel 3lo]
zwiasﬂ e;zgaw AE 8 Ade AAYFolde BFE FAH ANE
AUz gieh olel U@ BAL AT Topmw ol $se] AP
A7 %EHE]SI e Aotk 2YEE HxF FIYe HdoH 1 AAY
& Fu sbsAol w1 AT 53, AEA I AeHE 37
FHAYY AYAE AN AGFAZ ANse] AFH Azo] wPe Fx
FHAG) IFOIA the FAYHe] R4 A @ Holth.

2 A9 e IR /&5 FARAold) £RATY AGEHL
A EN3e] 3AFHode IR ﬁogza Ane] RS REE B
AZF e HYH FR YRS FET & YES s Aol
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2) Ax ¥ ¥

RGN BIFHE 27 FRAVFES FAFROZ o] £
sS4t F49 FRALE FN) FARD 48 el Wy - Y5
EYZANE olgatel £AANN, B5Y AN, FBY NPEENL
ANt mASAT. AFSLE BANEE o8] JAFAole] FY
379 AAT7E, FABY, AZF 29 ¥ L FFTE 5L A RS

3 4% 3 1%
7h 3% FH R fF
1) ¥4 71& AL 8%

37 FHL HZAAE FAAAECY gt FFitE YFE=25H
FEHe eAEY AR JEHE EHAT FHA2HA g
oy, 20008 2REH ATFEAAMIIEM T A=HAN SH Y4
Alzdo] =9Em Utk AAZ 20049 £ A7V FFHEAN FFFRAYY
Zleqde 4oz §4 e FANAEE ol&de Y&l AEsEA
A dF oJPYPEol °|F ol8st] AAE AT Ut AT Ad
GEF AAE, BAdE, AEE, Hdds TH22 7o S3FHo] IA
o= Aot olg Zo] NS FHoRZ HAAFH oo LEdT
A olfts AAZ NG540l A7 FHd HFsti, sA=E Masigol
AEHez sjx2f F4o] AP A2 s2F/ J4 F471e9 5]
e AQuo wan, AAE FYPFARED j2FATAE I Al
EXo] fA8t7] W2l FH71eAdo] B A Q] vls) FHH oz §o|s}]
o &olot.

(@ W3 % yNdg
A AL =HA dubsjdolds) Fsjg2lojdew FRIHD H 4637 o)
AZro] 20059 % AAHFL dutsHold oA 3,083F 01, W F2ojH oA
1,5978°lY ol EF AdFHoE AP HIAYA AR o3 Aoz

- 150 -



B4R FAN2T sola A4E Aotk Iy F7 FAVL vEL
Pate olFe X 473 go] AY AT

g U2 Fg FHY dEEol

AzFel FAFANN FA oRJAAY T2 AxFA FHHA
@y Feto] T2 o|FIARE olFe) gol4 F7E ©H 4FT A

el 71l 4 itk

E 46. 27 FE ALF (2005, M/T)

F gk Aoy s FHAY
A7} (Codium) 3,083 1,597
# (Porphyra) 13 197,610
RA B 7] (Gracilaria) 7 -
OAlvl (Laminaria) 9 108,327
S¥M T (Pachymeniopsis) 128 -
AL (Sargassum) 2 -
"l (Undaria) 4,740 281,871
S BI\A el (Gelidium) 3,079 -
Z VA2 (Gloiopeltis) 84 -
% (Hizikia) 3,520 30,058
8 (Enteromorpha) 246 814
71} sjFHF 301 879

% 15,212 621,156

B 47. J =7 FAE d=d ojdd dF (2005, ha)

< a H F
2 (Porphyra) 944 51,894
u]Y (Undaira) 499 5,873
A v} (Laminaria) 390 5,283
¥ (Enteromorpha) 36 2,130
$-271A ) (Gelidium) 0 0
% (Hizikia) 291 4,001
2P TR (Meristotheca) 0 0
BAY (Sargassum) 27 228
7€} 7 94

3 2,194 69,503
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@) B ® #EEE

A7 AFEHE By QutAHo R xR wRAZIAE ulA T 0 9
Hlgo] wj$ &} ol Z, 719, tAIHL, mteieh vl AR otk ey
27 2L 4% dzRe B39 giie] AW FHE Wiz o
Azto]l A9 diF-E vATRY FHE de AL FAIFHo AAYFY
A7 B FEEHE dA &3, FQ FAEFETHY BIFNFHE F2 AiHY,
FZ AXAZ] Y82 FFEHM, 1 o8] A E3r] HEQ RHe=
KAt}

BulE s JA4AF Jas A BAFY dxFLE YFoX e,
AAFL d5d YAE Ev =71E AF80l1, AFL FE PFE ==
¥ YA goz olgHY Ax A7 &L 35%F=olH, e A=A
g2 A", JEo] Q& Fol AFY FH B & v

8, 349 FEAZE v xR bkt 42HR] ZojAgez o
HEEge A9 FIFCE A FYHE A9 dREoIH(E 40).
A7 AAA-AAARZ (G-I FTR-20 FEAE AY 90%
oo™, WA NAFHG-LHA E - 2vjd-Lvzte] FEAZI YS
715ke] FHefo g 10% wwhe Hsln Uth

)
l
| ]
2MA % - 264 A7 38R
| I
2 H A 2HA B - 2y, anA

a9 40. 349 FEAZ.
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@) 3AFAIPY FF7E

Azte] g FETEE FTHAY B FYS #F 23S 2 2 I
AHE F8 258F0F Uro] A EAE E 483 B} *g*loﬂzﬂfﬁi
-, Fﬂ 2 FEHFAN EAHE FEFLE AEF B Y FT
5% £ AL #FIsHE, FHAHIL dREeE Yehdo 7§2}°M°
WrAFe] FHFFoln &L 3] "FAside HE & & Uk wFdA
Aol Bzt gl et & o, I4Fo99] &5 9 71EFdA
Foe I FaWFd wel A F$ Fdm B § Uk

7

o

¥ 48. A4 FIFTE (D9 M/T, AAZ)

2B 4 2002 2003 2004 2005 2006
IR EE I EEIEE IR EE I R EEIEE
IR
558 72 27 53 616 142 3,083 | 1,597 | 2,875 | 165
& 9 : : - . -
T =" 630 80 758 4,670 2,930
—
= ] ] ] ] i
I 4H] 630 80 758 4,670 2,930

6) BAFA) 9 FAUA £

qE2F FHe AFH 12 Ao m 44 ZG do a8 74
Hgo] & S /AL Atk A7 ¢4 A= vBAE 4 A9
Ao ¢H e FAAHEo] oW ESFE F¥ =FHS FHE & Ue=
A 3= the] BAYo] g Futd flvh 23y L FAo AS AF
FTHALEY &0, A dd, AFH A HEg 2 dxu§e] A
dastA &7 Wi g9 FAAYL FEev ddAh

2006 = S FFATA JIE A & L Ha| BAFL o 3,000EL2
FHog Fiatd oF 2199 Aegw RuET Yot wEtA FUe J3Y
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49 gAENLEe A2 FH RIEY AeMLe] S9me ohlg Az
20999 ol e A EFe FUEOA AV AZNES FPHe
IR Buse] FFE & e Aoz AT

W) FZ4F2 o1 BYEA
1) FEAL FAEH

BAAe] AL, #wl, #Y § F8 G B JArAH o] AT wH
FFE W, 2 FAAJAE e o] &AM otk & &AM e
A7 BIAHAE FHEA EAB7] sty 1 7)) R ZE
3} old tgste ZE HES 3 o NAFezN ££99 F4 O
HAARE FAGE RaAolth wEtx EALAME EA3HE A IAY
ol9jg#ul ol ¥ &FRE ¢ 5 Uk

EANA Y FAAFE A && T3] A8t FAFTEAL ot
W EZAREE o] 83le] FRALCZRE MAsE HES ZARIYLH
a1 FEANY 2RE BAshE Ao otk AFolAe AEzg gy
A AT SIALA BT 27 d2A ZARE olfe FAAA A
o] &3t &AM F2o] AN A A FFE zolrt U] WE
HZALAL 9} o] &AL A EFHE Folm AFA A AIENY JxANE
AFsted BRI FAAFAA vLBEYE T F= e 12xFHL M F
A=E 37]) Folth

¥ 495 BEOZRE AN AZFTHEALIH(L00E A 7N1E)9 &9
AXAE Uebd Aotk HZZRANIYPY FARFE oHF 5 UES
Z ARAEY Bags AAAT. 28 Art=gulrt FZE R AL A
A BlES UERY] 98t ArEegnlg vlgd] XA e A
A7=gulE vl g TIAF A9 £AMANE AANTFoEN FAHGR
el At MZE AXE 7tAA stAth E 5004 BHE Hi e} go] HZ
FTEALY HEAZ=gue dEA9 12%2] 6,000 @3ttt 1R
FHNAGA7E A ulE v So] EFAINA e B FGFEAN
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& o) eS AAuEdso]dE B 12%Y FAUsA BrletA He
Ao tHE 50).
AZFHE 1,00059 9E DA FaFA5AL 50,0008 8ol At
=gulgE vjgd EFAZ A9 HAFHEAYMLL 17,360H Aot o]}
2 FEANTATH FHAMH L HAge AF oz FRALY] FR
e} xpolg zheth

E 49. 37 FEHANY BAY B4

v B > F 27H(d) | Y (39

& A 50,000
_/‘|:

o] | HulaS 1,000 50,000 50,000

A 1,000E 5,000 5,000

Z3m) 100kg 600 60

A G R- R RS - 5,000,000 5,000

g | B ) - 500,000 500

A | EFEE - 500,000 500

L =] - 300,000 300

Hl &7 11,360

A7 =] 6,000

Z4 17,360

FTAES(EFY-F 90 38,640

258 (F2E+2FY) x 100 77.28%

ELF(EF Y- ) 32,640

o] Y& (LA E+Z2FY) x 100 65.28%
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¥ 50. H7 FRANY ZAAY £4 (A7H=gH A )

AE ki Wl (@) | F9 @9
= A 50,000
:‘1;
g | BAE 1,000% 50,000 50,000
Al 1,000 5,000 5,000
Z g 100kg 600 60
| 2o - 5,000,000 5,000
A g | gz ; 500,000 500
g | 2FEI - 500,000 500
H] g B =1 - 300,000 300
&4 11,360
A7 5= ) 0
ZA 11,360
ZF425 (2FY-A G0 38,640
AEE (F25+2FY) x 100 77.28%
25 (25 Y-B ) 38,640
0]9]& (&A5+Z% %) x 100 77.28%

® 512 FAFEALNC digk 4 ARREY ves YEbd 353 EATA
oltt. FAFEANOIYAAN 7HF FL HIEE AAZE AL AT=EHEA
12%°]9, AU BT @EH|7t AR St HlEo] EL& olfE FEAL &8

T Az JleF k=yugo] E3Ho] 3l7] et FGFEAIN G
FHF Y 34.72%E AASIAL, WEYE]YE&L B 66.28%F v =
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¥ 51. A7 840149 F5F &£YAIAIA

99l %
g & 3 T
oo x2E 1.0000
73 4gH] 02272
A A4 0.1000
ZFHH 0.0012
HolA]AdH] 0.1000
274z 0.0100
g H 2] 0.0100
Hujsdg 0.0060
ZFAE 0.7728
PASARE- [T 0.1200
SAS 0.6528

(2) TEAY Utz 74

ABFRAY ZEAE ofF 890 FEALIYY o= A= IFS VA
=AE ol Aol W¢ Fodth FYT ¥Td JsiMxE 22ld w FH
Adolele] WMFL Aolr}t 7] WEolth wEtA FYPHSe AT HE)
AEA ] AGA FFE vAETL F FUESY AT AFol duid 9%
A AEAE AFATIEIEE BAE F e WHEEHS T H8EEY
HEH o9 WEo] FHoldd v ¥ AVE ¢ 5 Ut

¥ 52& HIEFEQA AW, FEE, FdAAE], I, A7z,
wuleradt FRAMNFY i FEo] dAste /M A 4 FHol
20% WEe A9 FRAGFA A FRAYNHEY &g FRAALMY
W&ol &9 WsE Yeido. Zt F59 FA7F ga2r] g ARt
OE A7 olaistr] ofHTh maEtA FHgodl i 74 FE9 HEEE
Yehld FAE7E AREY 4 FE5] wEeE FA3U7F 47 9E
TEE EYATME A A
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Al AHIZE 20% 74T Bl FAHE PEEL 58% T3 Y, TEAYL
WEd FolE&e 31% FUIgt a¥n AUPEARIZE 20% AT AS-
FHEANN G HEEL 06% FHA3H FERALL WEFo]E&L 03% F7Hh
A7 7l 20% FASH FREAYME S WEEL 69% HiEHE TR
&0 &L 3.7% ST HZAEZRALY wiEdo]e & Wl N &
FFE vX T H L2 AAdule} Ry olr.

B 52 AAFHEALIRY T5H EAALAY T

T A _ _ - - _ - - +20%

A AdH| 120% - - - - - -

Z R - | 20% | - - - - -

F-ojA| A - - | £20% | - - - -
72 - - - | #20% | - - -
@& - - - - | *20% | - -

S ] - - ; ; - x20% | -
A7 ] - - - - - - | +20%

A Aky] +58 | +007 | +58 | 06 | 06 | 03 | *69

e 3.1 04 3.1 0.3 +0.3 0.2 3.7

My

() FHABY FARH

39Ae Ay, dvl, B2 T F8 99 BT JArEA] BT v
FEFE WIla, o TAAAE YEd Zo] &AM F &AM E
LA 713t BIATHE BHSA EBAE] st I 717 A 2E
FolF ol dig3te BEE HES T R VAFeERN £&£ F9H
I dARE A BaMoltt. wEtA] EQANMAE BYstd BIH 9
ol T oY} HIETERE & F AUTh
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EQANA Y FHFE g gh& F37] A8t HGF AL o7t
HjEeE EQEAIRE ]88ty PN ZHE WA= ¥ELS FASIYh
a3 AT HERE dAse FA g AFolre AEERYE U9y
A AT EQALNA FAFH 27 TEA AR olf T F4AHYA
A o] &3t &AM F2o] TA AN B AP 4G Folst UV
g Eol] BZAALS} o] B8R Al EFE Foln AR A AIEHY 7]xAY
< AT AR FHAAFDAA ¥LBHE F F e 1xTHLE 12
F AEE 817 Aol

® 532 EEOFZRE ALMT AAFHAIAH100H /ha FH 71F)9)
EAAMAE Uebd Zolth. HAEAAI0IFY FAGEE oHFE § =S
Z+ ARHES] HaRS AASAT. 233 A7FegH s Y zhoga] ikl A
AA s HlFE Yedr] st AVEeguE vlgd IR & A9}
A7 =gu g H&d EFAE B9 AN E AANFozA FAHGA
o] Aol e 2L 1S 7HAA sATh F 5404 HE upe} o] Azt
2 Ao A I =guls W& 9 13.3%2) 8,000 He) 23Tl 28
FHBGAE A7t=gnlg vl g EFAINA & B FAF AL
HEd $ol&g HAAME $£olde Bt 133%4 FHstA HrleA He
Zlojt}.

AZtE2 10001 9] Aaguz FAEHE JFEFSFAFEL 60,0008 Do)
A7t=du g v go] EFAZ B9 HAFA LS 24300 A o]t
o]9} e FAALE3 F2Piu]| Lol BFFHL AFos FAPale
TR wt zHelE et
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¥ 53. AAFAAT BAL £4

LI & % @7} (9) a9 ()
= A 60,000
3,:
q | FHEH 100,000kg 600 60,000
Al A H] 100E (WH) 50,000 5,000
- ZHH 1008 () 50,000 5,000
A FoA Al - 5,000,000 5,000
3 | 273z - 500,000 500
2 ] T #E - 500,000 500
bt Bt - 300,000 300
i AA 16,300
A7 e ) 8,000
ZA 24,300
FAS (2FY-BE0) 43,700
A58 (FLE5+Z5)x100 72.83%
FEAS (25 Y-AA) 35,700
o] & (£AF+Z59)x100 59.5%

¥ 54. AAFAARE] AL £ @y A9)

v B T @7t (9) 9 (19)
= A 60,000
_};.
9 | FAAE 100,000kg 600 60,000
A4 H] 1005 (tH) 50,000 5,000
3] 1005 () 50,000 5,000
73 §=]
A FTjA] A H| - 5,000,000 5,000
2734 - 500,000 500
2k Rk Ru =] - 500,000 500
] 3 i Pt =4 - 300,000 300
V| 16,300
A7 ] 0
ZA 16,300
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A5 EFY-39Y) 43,700
258 (FAS+EF9) x 100 72.83%
EAS (25Y-ParH) 43,700
ool (£4£5+244]) x 100 72.83%

¥ 55€ AZgA A4l dig &4 ARFHEL] vES UdeEd 5 €94
Axjolty. AR FAA LN A L HES AAde AL APy
22X 133%°lH, AlAvEg #AEu|7t A= HEo] L olfe FAL
o Z8HE AAvY N1&d =gu|Lo] X QlU] wiEolth g
AAEL FAFYY 405%E AAEA wEd £o]dE&e HH 595%2
¢ =

E 55. FggHolHe 5 SYANA

49 %

3 = B T

gAE 1.0000
73 gn] 0.2716
PARER] 0.0833
ZHy) 0.0833
LR PAPER) 0.0833
732 0.0083
9 F2n 0.0083
Hujsg 0.0050
EFAE 0.7283
A7} H) 0.1333
SAE 0.5950
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@) FAARe) NP B

R FH P B9AE o" 8300] FHAe|Ye] o= Hr FFE WA
EAE ot Zo| W T8I FIAF AF JHME 821 ne} F
Atelo)e] WEL Folrt Q7] WEolnt. mAA FUdWse] dHY WEol
AEAd oJBA FFE FIAE) F FAUSY A dFe] A A
A AEAE WEAIEE BAT £ dv UREENS Bt NETE
o WEd #o9 WFo] FHold vAE ¥ A7|E ¢ F U

® 562 M§FEQ A, FRE|, FoAAE, FFHIY, @I,
i s5Rst FAAAFe] e o] RSt HAstAA A 5ol
20% W3t 7F¢9 FAAAFAC W@ FAYHEY WEHR FAYY
mEolel el Wste vrhdn. Zt g5 A7 q2y] did FH7FE
OE Ao olssty] ojdTh WM FAFdd] diFd Z F=of HEE=
Uehdd FA7E7E 23 2 35 wWHEE FH7I7 47 WEdd
TEE SAAUME AN S

Aldul, FEE), FOAHEIZE 20%4 FAE FFo] FRE NEES
7zt 41% T2, FAAE AEG Foldee 28% Frhdth 181
A7pdz), SRauIZE 20%Y FAE Aol FALLEE NEEES 04%
Zase] FRAL WE0]9E2 03% F7HATH A7b=YuIzt 20% H4sd
FAYNE G WEEL 6.6% FASH FAYY FEC]N &2 45% F7HETh
Azt vje ol & Wl /P E FEgE A= HEL2 A,
FHH], FRAAHG AP Hulolt.
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H 56. FA4FHoHY FFH EYATAY WHF

B A . - - - - - - +20%
Al AdH] +20% - - - - - -
ZHH| - +20% - - - - -
F A - - +20% - - - -
Favd el - - - +20% - - -
fink:Rua Ll - - - - +20% - -
il Ra =1 - - - - - +20% -
A7 8 ] - - - - - - +20%
23] 41 | #41 | 41 | 204 | 04 | 02 | 6.6
= +2.8 +2.8 +2.8 0.3 +0.3 +0.2 4.5

o) Az FA Il BT
(1) FASHEd
BAFAd L AANFE MBI E W A1, G FHRG FF
AETT BAst] AU BF F4F AL AR JlomE Bt
oIdE FIHAY w2 BALE A7) L A= Aoy, FAFH L e
Azf FA AT Hs wuF 3D PPo 2 FHALM] sEdn
FAUE dest] FABGHEOl At oJHET ohi} AR 157
A7) o139 FEEE wJo2A B BT A4 IE FISdd
49z & F Atk 23 FZ4Y FHL AsH As Aol AL 1m o
St E 4 st E0E AV o] dE AxFe] FHd vis) @
AFFe AMEL HS =d & de AHE AT Yok A4 FHATE
AL nFLTld F2 ojFojAEE AL UV|E FL3te DAY
A A=ANE FAL 7 A0 FAHHA A2ZNEol AzAH] Ao u)¢-
el d e /AT o B 32 AFH aFE7)¢ AR Fo] AR
=937 g dFd A5L7) RFHL YE A8 FFE A dzi

A &8 5 3o} 2L £5H0] 2 & Uth
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A7t FHAYY BANG AEHA VAL fE7] AANE F4RH
ogile) oA HFe] Wasth AP FAANeE HF FIFHF FLE 35
ARA DR oL B¢+ Ax AGYLS A FHN2RLS TEoF @
AolH, Fuhole) G Hele) AWE AT 5 Je DFE AF AR
Ex 4440 U FR 52 ot ASAA £ME fES oI Relt,

@) RZAEAH vdFNe) gNAT 504 Wa

¥ 57 BEOIFIEZRY AR v IFAALdo Y0 /ha F 71E)9
£IAMME Yl Aok vl Aol RS ol E F =S
7t ARDESY Bgg AASAL 283 ARFAEY Arh=gulE TFAZ
EQAMAE AANTFOEM F 539 FAFAAY BALH W FFAB T
BAE AR vias At F 53004 B uieh Zo] AL A
A7 =gl wlEg 133%< 8,000 Yol gdth adug FAFFA7t
A7P=gulE vl TFAINA FE AT ALY e Fol&s
AAv &Y Foldg Htd 133%Y FAdstA BEreA He Aolth wiHd
B 579 v|gF2 A HEA=gulE vEde] 285%%0 800 Yol Eate
A FA A Qo] A7t 1ot 88 E3h

AZ%2) ha@ 100019 g2 SAEE FFFHS5L 60,0008 Aol
A7V =g E HEo TFAZ F9 FaFAAH S 24,300H Lol
%, 4% 100/ha”lE o5 HAFA Y BaF4A5 60,0007 AoAA
AN =B E EFAZ] FFFAAEE 24,3003 98 W 357008 L] Hoh
19 %2 20t /havlE Eol5L vIGFA Y HaFAFY 28007 Ul A
A7V ulE A7 B FA A S 2,304 DS W 4965 o] "ot

A g2 vgFH Y £o]58 B3] haB 7|Eo 2T HlmstH g2
o] Ag7t v B} £ol5dA oF 708 AR & A5E U ZeE
EXE03, g 71F0Z £0]58 nludld g Z9 o 3574
olR:, WYFAY AL uF o 258 Yoz uF LG o] v g g9
oF 14¥] EL ¢o15S e Aoz EAHUD
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¥ 57. v|dFAALe] HAY £

v & T OF @7t () =9 (B9)

= 7 2,800
:":

9 | F&5 28,000kg 100 2,800

Al 205 (W) 45,000 900

Zav 205 (W) 20,000 400

B | ngaan) - 600,000 600

RN I 2 PAS R - 54,000 54

B | g | €92 - 320,000 320

. B 48 - 30,000 30

A4 1,504

A7} H] 800

A 2,304

F2E5 (2FY-39M) 1,342

A5E (FAF5+25Y)x100 60%

£&5 (Z2F Y- 496

o)) (F&F+EFY)X100 18%

(3) WA et

WEAge] e 93 Adade Auxte] 7)Ee g thgdt 2nlAEe]
AL FHolt. F42 A AA Y H7HEFH JFE YA gdde A ge
FE Y] &u7) o]FojA 1 YA FeE AFem SEF AFo| MEHA ¥e

T WFTuke] 852 433 oy 43t
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3 58. F7te] ANAE

T A (%) A A a =
T 2 95.1 10.0
a9 17 13.8
A 03 0.8
3 & 0.5 22,6
g3 E 24 52.8

Azte] YIRS W ¥ 5837 Zo] AAY S o] gEES XA
glom, thgoz EfdlEo] 24%E &3, AZA| Y 7S ©5EE0] 528%E
M o, t&o g 3Ho| 2e%E Erh

¥ 59. 37te] £714, vigd 3 Ho]d &

T T A mg/100g (AFZ)
Ca 40
71495 P 18
Fe 4.6
By 0.01
W Epu) Niacin 14
B> 0.05
C 9
B84 294
Holg4 T8 65
Cellulose 49
Lignin 1.6
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7Y FI19R/ FEF2 F 5994 He upel o] AEe] o] 40mg/100g
(AFHoz "S- Fov, vgdd lojx s vleld Co o] Img/100g
REHez =k 23 HolHFE BEEAY BB 204%F Ao HHY

ARES ZAA R

E 60. 379 ofm|=t FF

T 7 mg/100g (BVF%H)

Isoleucine (Ile) 312
Leucine (Leu) 564
Lysine (Lys) 368
Methionine (Met) 150
Cystine (Cys) 81
Phebylalanine (Phe) 448
Tyrosine (Tyr) 255
Threonine (Thr) 342
Tryptophan (Trp) 96
Valine (Val) 477
Histidine (His) 295
Arginine (Arg) 408
Alanine (Ala) 515
Aspartic acid (Asp) 649
Glutamic acid (Glu) 871
Glycine (Gly) 352
Proline (Pro) 340
Serine (Ser) 339
Taurine (Tau) 18

Total 6,880
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o33 o] FZhe Zw, 2, e F71EF, WET C, niacin B Aol A/71
FTHE BT oy E 60014t o] g ofvliito] o] 1o o]
H 71574 HFolEt & Aot oHE tdF VITAAES ¥ I
Ae HZhe o83 gt &nARE] HE5d F e AT EE 754 AFel
AL YgApPgo e Adgdis 22 @A *& 2oz Azdn.

FH RFAEe] FogtozA odd 22 AFMLE T AHd T
2 Fagd FEOE A dAZFE AAHHeE 2 5 e ¢S
BT FAEH e aFALAA ] EYes v FHUdeR] AR
7bestEeha ot
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HaZ o-UNY SEIHE 3 EEEoe 7[o{=
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