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SUMMARY

1. Title

Evaluation of Application Technique with Functional Components from
Mideodeok

II. Objectives and Significance

1. Objectives

This project aimed to evaluate the applications of the functional
components obtained from Mideodeok. Specifically, this addressed the
following topics: seasonal variation in nutritional compositions antioxidant
activities of carotenoid extracts flavor composition reaction flavor of
Mideodeok extracts changes in the haematological fators of rainbow trout
fed with the Meideodeok extracts development of functional feeds from
Mideodeok extracts extraction and purification of anti-microbial
components evaluation of antimicrobial components extraction and
purification of glycosaminoglycans (GAGs) cytotoxic effects of GAGs in

cell and immunohistochemistry of GAGs.

2. Significance

In the past centuries, most of Korea’s fishing and coastal areas were
devoted to catching of fish for direct consumption and production for
export. Since then, aquaculture production has gradually increased to 22%
in 1980, 31% in 1995 and 36% in 2002 of the total fisheries production in
Korea. The coastal area allocated 1,700 parts leased to the fishermen in
the form of cooperatives and supported with 2,200 ports throughout the
country. However, this is not enough and the government has not fully
addressed the support system for the fishermen, thus many of the

fishermen’s income are not sufficlent to provide for their daily



requirements. In many cases, the fishermen migrate to the city seeking for
a high paying job. Thus, the government has to find ways to increase the
income of the fishermen and make them more self-sufficient, in effect
curbing the migration from the coastal communities to the cities.

The times have changed and nowadays, consumers are becoming
aware of the benefits of a healthy way of life including the consumption
of health seafoods for their well-being. In this manner the consumption of
fishery products, generally considered a health seafood, has also increased.
In addition, the consumers also want to have a variety of the health
seafood being offered, thus it has become a necessity to formulate
different kinds of health products. As research results point to the benefits
of eating fishery products, it is the government’s responsibility to convey
this information to the people. Quality and safety standards, like HACCP,
GMP and SSOP, were being implemented in the fisheries industry,
starting from the raw materials, production and cultivation area,
processing and transportation, up to the point the food reaches the
consumers. In this manner, the consumers are assured of being served
with safe and high quality commodities.

Mideodeok production was only concentrated to around 9.5 ha in
Geoje area in 2000, gradually spreading to 239 ha in Masan, 136 ha in
Geoje and 92 ha in Goseong in 2003, and in 2005 increased to 186 ha in
Geoje, 180 ha in Goseong and 259 ha in Masan. This represented a 127%
increase in the land area involved for Mideodeok production from 2000 to
2005, as the government permitted the right to shift to the culture of
Mideodeok instead of the mussel and ark shell in June 2004.

The production volume of Mideodeok in Gyeongsangnamdo and Korea
were 1,116 MT and 1,519 MT, respectively. As much as 73% of the total
production volume came from Geoje, Masan and Goseong. Mideodeok is
processed at Jindong in Masan and Gajodo in Geoje and sold at
Noryangjin and Garakdong fisheries market in Seoul. All members of the
Mideodeok Producers Association (MPA) strive hard to increase their
confidence in production. The selling price is highest in January and
starting to decrease during the season of high production output. Most of



the Mideodeok harvesting is done until July because after this month the
water temperature will quickly increase on the onset of the summer
season. The fishermen can stock the Mideodeok in refrigerators provided
by the municipal government during the winter season, which they can
sell at the highest price during this season. The fishermen have to rely on
themselves to develop value-added products from Mideodeok such as

fermented and seasoning products.

ITI. Contents and Results

1. Seasonal variation in nutritional composition of Mideodeok

Changes in the nutritional composition of Mideodeok (Styela clava)
harvested during the months of January, March and May 2005 were
evaluated. Mideodeok was found to be a good source of essential amino
acids, particularly for glutamic acid, aspartic acid, arginine, leucine and
lysine. Essential amino acid ratio to non-essential amino acids were
comparable to many fish species, with values ranging at 0.55-0.61 and
0.66-0.67 for Geoje muscle (GM) and Tongyeong muscle (TM), respectively.
Mideodeok seemed to be a very suitable source of important fatty acids
as it contained high levels of polyunsaturated fatty acids. EPA (20:5n-3)
and DHA (22:6n-3) were the most dominant fatty acids, with values
ranging at 20.0-22.3% and 16.5-179% for muscle, and 20.3-23.2% and
15.2-18.8% for tunic, respectively. Mideodeok also contained rich supplies
of essential minerals ranging at 22.2-27.3% of the dry matter, mainly
composed of Na,Ca, Mg, and K.

2. Antioxidant activities of Mideodeok carotenoids

Carotenoids were found in high levels in both muscle and tunic
samples, with the highest values observed in March and lowestin January.
Average values in GM, GT, TM, and TT samples were 49.1mg/100g, 56.7
mg/100g, 420 mg/100g, and 50.2 mg/100g, respectively. The most

dominant carotenoids in muscle were 4’-hydroxy-echinone, canthaxanthin,
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cynthiaxanthin, and [(3-carotene. On the other hand, tuniccarotenoids
contained  high  levels of  4’-hydroxy-echinone, cynthiaxanthin,
canthaxanthin, and halocynthiaxanthin. Crude mideodeok carotenoids were
tested for phenolic content and antioxidant activity. All samples have low
phenolic levels and exhibited weak DPPH radical scavenging activity.
However, they were found to have strong inhibitory effects against
linoleic acid peroxidation, especially the tunic extracts. They also exhibited
strong hydroxyl radical scavenging activities, with IC50comparable with
those of BHA. Results of this study indicate that mideodeok, aside from

being rich in nutrients, could be a potential source of natural antioxidants.

3. Mideodeok flavor and reaction flavors

Flavor components of Mideodeok extracts were evaluated using
GC-MS and Maillard reaction of the extracts. Major flavor components of
extracts include 17 alcohols, 6 acids, 5 aldehydes and 6 hydrocarbons by
the simultaneous distillation and extraction (SDE). The affluent components
was aldehydes and alcohols. The solid phase micro-extraction (SPME)
method was adopted to extraction of reaction Maillard flavor in
extracts-sugar- amino acids system. The major components include 9
alcohols, 1 acid, 1 aldehyde, 1 hydrocarbon, 1 ester, 1 amine and 2

ketones and aldehydes was key components in this model systems.

4. Effect on the growth and heamotological factors on fishes of extracts
Effect of muscle fluid concentrates from Styela clava on fish diets were
investigated in rainbow trout (Oncorhynchus mykiss) and rockfish (Sebastes
schlegeli). Fishes were fed on one of the isonitrogenous (48%) and isolipic
(20%) feed containing 5 to 20% of muscle fluid concentrates for 8 week.
Hematological parameters such as hemoglobin, hematocrit, albumin,
glucose, total bililubin, triglyceride and glutamic pyruvate transaminase of
the rainbow trout fed on the diets varied but no specific trend became
apparent. However, glutamic oxaloacetic transaminase value was
significantly higher than normal fishes. Therefore, concentrated ascidian

fluid which is normally discarded can be combine with commercial diets
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for the normal growth of fishes.

5. Extraction, purification and evaluation of anti-microbial components
Different fractions of the Midedeok extracts were purified and
evaluated for anti-microbial components. Anti-microbial activity was
observed on peak No. 2 and the structure was elucidated using FAB MS
spectrophotometer, TH NMR spectrum, 13C NMR spectrum, 1H Detected
Single Quantum Coherence (HSQC) spectrum and 1H-1IH (Corelation
spectroscopy (COSY) spectrum. Appropriate extraction solvents and
production processes were evaluation for the mass production of the
anti-microbial components, which included liquid-liquid partition, column
chromatography, and HPLC analysis. The anti-microbial activity of the
fraction was quantified; and its MIC and inhibitory activity on various
microbes, sustainability, stability on pH and heat treatment and acute

toxicity in mice was evaluated.

6. Extraction and purification of glycossaminoglycans (GAGs)
Proteoglycans combined GAGs with protein. These molecules
containing a repeating disaccharide unit were included amino sugar such
as N-acetylgalactosamine or N-acetylglucosamine and uronic acid
(glucuronic or iduronic acid). Optimum extraction condition of GAGs from
Mideodeok tunic was first extract method at 105C heat in ion water
containing 1/60 M sodium phosphate dibasic. Trichloroacetic acid (TCA),
hydrochloride and 5-sulfosalicylic acid (SSA) were used for deprotein of
the GAGs. Concentration for deprotein of GAGs were 5.0% TCA (w/V)
and 10.0% HCl (v/v) treatment. The sulfate and protein contents of
deproteinized GAGs contained 35.1% and 22.0% for TCA and 35.4% and
18.5% for HCl, respectively. Characterization of extracted crude GAGs had
similar components,. amino acids, composition sugars, mineral contents
compared with dermatan sulfate from mammalia. Extracted GAGs from
Styela clava tunic had similar content rate of carbon, hydrogen, nitrogen
and sulfur element compared with dermatan sulfate and

chondroitin-6-sulfate. Crude GAGs were fractioned two peaks by ion
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exchange chromatography on DEAE-sepharode CL-6B.

7. Cytotoxic effects of GAGs in cells and its immunohistochemistry

There has been much effort recently to probe the long-recognized
relationship between chronic inflammation and cancer. For example,
epidemiological studies have shown that approximately 15% of human
deaths from cancer are associated with chronic viral or bacterial infections.
Therefore, it may be a promising strategy to inhibit the inflammatory
process in order to reduce the tumor incidence. In this regard, the present
study was performed to investigate the potential anti-inflammatory effects
of glycosaminoglycans (GAGs) extracted from ascidian tunic andto
elucidate the underlying mechanism of anti-tumor promoting effects of
GAGs in TPA-induced mouse skin inflammation model. GAGs inhibited
TPA-induced NF-xkB activation and subsequent COX-2 expression by
blocking IKKB and Akt/PKB signaling in mouse skin in vivo, thus,
suggesting that GAGs from ascidian tunic may be developed as an
effective natural anti-inflammatory agent in the future. Our study would
lead to the development of new and improved preventive as well as

therapeutic approaches against cancer in the future.

IV. Application Plan

In order to evaluate the application technique of the functional
components from Mideodeok, we tried to find the appropriate extraction
and purification methods. Finding will be patented and the developed
techniques will be transferred to the Mideodeok Producer Association
(MPA). Hopefully, these techniques will help increase their future income.
Extracted materials with functional components will be applied in
cytotoxic materials, with the results submitted to international refereed
journals and presented in a formal conference. The standardized
extraction methods and determination techniques from unknown materials

will be used in other marine research fields. The basic data obtained can

_13_



be used for new product development techniques and will be a good
public information to be disseminated to the concerned users.

One of the products generated from this project won a prize in the
tourism souvenir competition in Gyeongsangnamdo. In addition, the
techniques applied helped to enhance the quality, reduce production cost
and a created a new, innovative product. Another product was sold by
the MPA to a provincial athletic tournament in 2006. Members of the
MPA will be proud of the application and industrialization techniques
developed by this research project. Also, it can contribute to the public
administration of other national research projects. Eventually, this
industry-university joint research project will maximize job creation in the
area and continue the net-working between the industry-university-

municipal office-institute systems.
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2002) 2 AGEgHA HA|(Leu et al, 1981; Constaatinides et al, 1995)) 222l
FEFE etk AT AR Al TS PIXE AE 2, GRFS, Y
o] o4& 24 So|ckSocal et al, 2004; Pederson et al, 2005). v]tige] tle &
S Styela pilicata®] TP i3t ZARRE A} 427 GRFErF SEAE T4
R {59 4 & FFE A AeE YETHQan and Thiyagarajan, 2008).
21 9| Halocynthia aurantiume 4~29] ¥islel] Wzket Sve 7|2l dlsle] ax}#o.
2 e8] Ealo o] FrlshA MEEo] Yol A= ¥ THSanina and
Kostetsky, 2002).

B a7 532 MZ g AYelx &E vty § 2 FAd i I8
o Ade] g WslE nlwyr) o wAFE dAyshs A7Ae) AniA 2
FoAl GFLEE ATH=ZHA vciHe] F8HNE stz k= ik

AL 2

Ag

£ A3 AMR-§ v e Y (Styela clava)2 20053 1€, 39, 59 A AAA
AE R T9A FLEEAM HF 8t 20 kg2 AFFF F 24T Y51
of st T 7z FEo £4E gt ARE 52 FEEAA HF
7 Al AL&-3tT

Augie] &4

AOAC(1990) we} 52 Adrtgdazy, £AWL Bligh & Dyer ¥
AR, =Y AL Kjeldahl 34, &S 550TA A43|shier ZA3)
Rew, gdrstEs A JEFFAA A3t F3Ah

Glycogen2] ¥4

NE 1g2 15 mL Agdol A3 the, 7)) 30% KOH 3 mLE H7}3}
o] of 30z H9 THHIL 58 AFolA 208 B AAY F Ao whPE
QT ol AL 3000 rpmel A 308 F¢k QAR @ g AL Hm
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ZAL] 2 mLe] Z£H5E WUtk o7]d ethanol 25 mLE ¥ thA] 3000
rpmo| A 30% FF AR FEFAL HElm FAIVIAZR ethanols ¢
A3 gRh 23 FFS5 5 mLE ¥o] EFT thg 25 mLe FEEZes
ol &3t 1 mLyt FH3Prh A7 F/F 5 mLE §A4so] oA 1

mLyF #H&Hh 5% phenol 1 mL, 34t 5 mLE Yo E£F & oS AL
A 1087 A3 F 25T Eof 208 HX ¥HEAIA 490 nmol|AM FFE=E F
At

T opv|=Ate] §4

Alg ol oF 025 gl sFsl= A|EE &3] #Hdld, 6 N g4 5 mLE
74l AF WES T 110ToA 24X)7 7838 3tQth 7583 A=
£ 3G4 FE4ArZ2 FRE AASA, AdgsSE ¢ ths, 001 N dite g
dZF AL olvxi xF  EA7)(LKB-Biochrom 20, Pharmacia,
Sweden)2 T4 opv|:=itEPE 4 SHAH-

F Ade FE3 APz 24

Bligh and Dyers] ##(1959)0] w2} £4 42 %33k1 AOCSH (1990)
wel A3E methylesterst A7l o3 GC £48& AEE ZAYTh &
capillary column (Omegawax-320, 30 mx0.25 mm i.d., Supelco Ltd.)o] 2}
¥ GC(Shimadzu GC-17A, Kyoto, Japan)2X £ Ht). oluf GCeo E4
Z7L Table 13 231, 2t 74 Apate] 4L EFH #{FE AR
o] vlal ¥ equivalent chain length®(Ackman, 1995)9] &}& &3} o}

7149 ¥4

F7I8E & Fole2 AR dAFE & =7l H3j 500~550C o A
5~6 AIZt A5 £ A7t A G AAAZ AH3}Y dAFFeZ A
239t FEZS=2edAES3 A (ICP, Atomscan 25, TJA, USA)EZH K,
Ca, Mg, Na, Mn, Fe, Cu, Zn, Cr, Pb, Ag ¥ As9] 3}FE B4

B2E AEx 33 g2 At meantSDE YERAZS, JMP  Statistical
Discovery Software™ version 5(SAS Institute Inc, Cary, NC, USA)E o]83}4]
Tukey-Kramer HSD testZ FA|x 2] stk
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Table 1. GC conditions for analysis of fatty acid composition

Conditions Analysis conditions

Instrument Shimadzu GC-14A

Column Omegawax-320 fused silica WCOT

Carrier gas Helium gas (1.5 kg/cm?)

Column 185C(8 min) — (3C/min) — 230C(14 min)
Injector 250°C |

Detector FID, 260°C

Split ratio 50:1

Az 9 3

vty F23e] sde

ologS sk 2] s AR s FPFAEI] AZ(NFRDI, 2005
143t BE AFE 44 010 mE 7|FoE HAHH TFUxE JeEck
ANEAFH A7) e AAYL EFRGAN & Zol7) YT, 7P BUH e
299 AA7} 53CoIQT, L 50ToIen, H1u 58 1199 A7} 188T
0|1, B9-L 186ToI Utk GRErs 2 widh} Qldlen, ¥9e 31.04~337 g/L
o]t} Chlorophyll a¢] FE+& 11¥€d] 7F¢ Zo} AAlE 435 png/Lolfda, 59L&
653 ug/LE AARC HolB9] EXJ} £ Ao Jelth

AubA R 2 glycogen 3Fo] W}

gy & 92 4d9 Ade wpE dutgdEe £4Z470E Table 20 e}
Wdith 149, 39 9 59 A8 FEFFS FI944 § 2 AN gF
87.0~87.4% % 86.1~86.7%°] o0, AAIL Ztzt 85.7~86.7% L 84.3~84.5%
2 Egite] 7t & AL Bt FEZH MR & AHL 59 9
RAAT A- @& FRte fIAHP>0.05). 2DWA FHFE AALL 9
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(o]

7% SEET 199 of 12%7F @& FFs HIJoY, FI442 ezt §
Atk @ F FFe 33.1-37.7%(BEFH)SE HE P FY 502~55.6%(UE
F vad o @& golQLeH(Oh et al, 1997), @9 E HEFEY FF H
wahd Bl&g FE e ch(Kumar et al, 2006). "ltiy ZAde] dyd &
Ze AR EAQro]l 7+ 179~232% 2 9.4~129%019aL, 399 A =
2 IS YA PinY &9 22 FFe 63~98%2 ¥ IS o
BT AALS 19 1.0%14 59 13%2 4 F7kske Ao,
TIHE 1€ 11%94 08%2 Haste Aok HE Fo AF IF2
SRt} ol AL 0.2-03%, TFLL 01~02%°1Ut. B FFe AA
b FolA 19.6~273%(AEH), I SoAMT 222~238%°]Act. H-E
AEL 23U Axde SET & e Fr12E BA{sial ok 1
U vege] Ze &3 4] 3% FFE AEFORZ AMEIE A A
o] & HojA] sttt ole WK A9 HAE TAHse EHo] HFEE 4
oldfrolng &3 & AolE YEA &L ZeE FFEY. ada vY
He HolAES oiste] Holstnz Aside] Be <o BrAL ZHs)
og {9 3 FFo] & Yo He AoF AAR

Glycogen & ARt Fgato] Zhzh 21.6~259% 2 20,8~27.7%°] A
o, 714 w& &S b A”L 3ot A A& glycogen
o] HEHA &t

T4 opui=At 249 ws)

AdEZE AHG viHy Ko 74 ofv|iit FHFe] WH3EtE Table 3(AA|
) B 4FF 2 dehdTh dHe] g w3d AdLe 1€ 34
o|Ri1, FAR-L glutamic acid, aspartic acid, arginine, leucine ¥ lysine &
o|Rth AAF FoAe] AAHo ME o]F ofv|iite) FHFE 74zt 50~59%,
42~44%, 27~35%, 24~25% @ 29~35%0|i, FFAr KoM wWaE
52~54%, 40~41%, 27~31%, 26~29% = 31~34%°|Qt}. 5 olv]:=iHEAA)9]
ggeislE B leucine ¥ lysineo] 7} EFth " ofu|:Alz) wjF4
olu] i AHNEAA)S] HlE wlms]l MW, AANES 055-061, FFHE
066-0672 BT o & tEel oFelAY F 077 WxE e
HPen, Ay 2409 059 R} 2 Aoz el t(Constantinides
et al, 1995). me}x] wojg& ofm|x=qte] o] kst ¥ I o}
=S F3ka Qlol @Ael A3 AFozAY JHAVE Ae HeE oA
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Atk 2L, FAOAM J1Zos ¥gsta A 4 vmsige W we
#olBnE TE EHY 235 oJFTE HFHde Aol F& Aoz 9AR
THFAO/WHO/UNU, 1985).

A3 x40 s _

AALTL FFGA viEY S99 AW 24L& Table 5, 60, A& x4k
Z4L Table 7, 8¢ Z+Z Yepfiich. &3 Ao FHE AWt FoA
EPA9] #o] 714 Eol 20.0~23%%2 ZAIF Y, o] A9 Be Ao
E 203~232%=% HIdte H|S3 AFRE YERYJATHKIm et al, 1985;
Popov et al, 2002). 3} % =Exdike Cl14:0, Cl6:0, Clé:1n-7, C18:0,
Cl18:1In-9, Cl181In-70] FAAFEo|R, AHHAd uw& FJFHEe& 23~6.6%,
10.3~13.6%, 6.0~13.9%, 3.6~53%, 2.2~9,5% 2 22~91%o°]on, o]E i
e Addd wE fARrt AAFHAD. vdrtExs Atk ke
47.8~549%0| 131, X3 228~26.6% 18]35 HE=qAE 19.7~274%F &
I Ad 25 AAdd @& Wyl & Aoz el olek o] EPA(P<
0.05) 2 DHA(P<0.05) 3% AAZA Wsle d F Holste HoldEe 3
el FHHEAL 2 TEAY EFIZE) VIMEE FAoE ARG FANE
o 4] EX33 e °lE AWAAEL AL, FEA E¥IE Z HEA
EFIE 93le LA E B (Saito et al, 2002; Valentine and Valentine,
2004), "ltigelA olE AAES FFe] & AL EPAS DHAE o3 4
Fshol 3t A FL& AFo] 2 F dve Aoz AvHo
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Table 2. Proximate composition of Mideodeok muscle and tunic

Proximate Composil-ion(%)l)

Sampling
Date Moisture Crud'e C'ru.de Ash Glycogen
protein lipid
Muscle
Geoje
January 86.1:1.0° 5.0(36.0):0.2° 1.0(7.2):0.1° 3.8(27.3)$0.3* 3.0(21.6)+0.2°
March 85.7+1.1°  4.9(34.3):0.1° 1.3(9.1):0.1° 2.8(19.6):02° 3.7(25.9)+0.3
May 86.7+t0.7°  4.4(33.1):0.1° 1.3(9.8):t0.1° 3.0(22.6):04" 3.1(23.3)£0.3°
Tongyeong
January 87.0:0.7% 4.9(37.7):03" 11(8.5):0.1° 3.1(23.8):02° 2.7(20.8)+0.4"
March 87.0£0.5°  4.6(354):0.2* 0.9(6.9):0.1" 29(223)£0.1° 3.6(27.7)+0.3"
May 87.4+12° 4.5(357)t03* 0.8(6.3)£0.1° 2.8(22.2):02* 3.0(23.8)+0.3™
Tunic
Geoje
January 84.4:08° 28(17.9)x0.1° 0.3(1.9):0.0° 3.9(25.0)+0.3* nd.
March 845:0.6° 3.6(23.2):0.2° 0.2(1.3):0.0° 3.5(22.6)+0.2° nd.
May 84.3:0.5° 3.0(19.1):0.1° 0.2(1.3):0.0°  3.9(24.8)+0.2° nd.
Tongyeong |
January 86.1+0.5° 1.3( 9.4):0.2° 0.2(14):0.0° 3.8(27.3)£0.2° nd.
March 86.1:04° 1.8(12.9):02* 0.1(0.7):0.0°  3.6(25.9)0.1° nd.
May 86.7:0.8* 1.5(11.3):0.1°° 0.1(0.8):0.0°  3.3(24.8):0.1° nd.

D Mean and standard deviation of three determinations. Parenthesis data

shows the dry bases.
? Different letters within a row denote significant differences (P<0.05)
n.d., not detected.
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Table 3. Amino acid composition (g/100 g) of Mideodeok muscle from

Geoje, Korea

Amino acid January March May

Aspartic acid 0.42+0.03*? 0.44+0.03 0.44+0.02°
Threonine” 0.24+0.01° 0.25+0.01° 0.20+0.00°
Serine 0.22+0.02° 0.23+0.00 0.19+0.00°
Glutamic acid 0.59+0.01° 0.59+0.02° 0.50+0.03°
Proline 0.24+0.01° 0.28+0.00 0.21+0.00°
Glycine 0.260.02° 0.26+0.00" 0.21+0.00°
Alanine 0.26+0.01° 0.24:+0.00° 0.19+0.00°
Cystine 0.07+0.00° 0.08+0.00° 0.05+0.00°
Valine” 0.24+0.00° 0.22+0.01° 0.18+0.01°¢
Methionine” 0.18+0.00° 0.15+0.00° 0.12+0.00°
Isoleucine” 0.27+0.01° 0.24+0.02° 0.18+0.00°
Leucine” 0.35+0.02 0.32+0.01° 0.24+0.01°
Tyrosine 0.27+0.01° 0.25+0.00° 0.20+0.00¢
Phenylalanine® 0.26+0.01° 0.28+0.00 0.21+0.01°
Histidine 0.14+0.00° 0.16+0.00° 0.11+0.00°
Lysine” 0.34:+0.01° 0.35+0.00° 0.29+0.02°
Ammonia 0.26+0.00 0.25+0.01° 0.23+0.01°
Arginine 0.35+0.01° 0.34+0.02° 0.27+0.01°
Total 4.96 494 4.03

EAAY/NEAA? 0.61 0.58 0.55

Y Mean + SD of three replicates.

2 Different letters within a row denote significant differences (P<0.05).

% Essential amino acids.

9 Nonessential amino acids.
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Table 4. Amino acid composition (g/100 g) of Mideodeok muscle from
Tongyeong, Korea.

Amino acid January March May
Aspartic acid 0.40+0.03? 0.40+0.02° 0.41+0.05
Threonine” 0.23+0.01° 0.23+0.00° 0.23+0.01°
Serine 0.21+0.01° 0.21+0.01° 0.19+0.00°
Glutamic acid 0.54+0.04° 0.54+0.04° 0.52+0.03°
Proline 0.23+0.01° 0.23+0.01° 0.23+0.01*
Glycine 0.23+0.01° 0.23+0.01° 0.22+0.01°
Alanine 0.23+0.01° 0.23+0.01° 0.21+0.00°
Cystine 0.07+0.00° 0.06+0.00° 0.05+0.00°
Valine” 0.20+0.01° 0.20+0.01° 0.19+0.01°
Methionine” 0.13£0.00 0.13+0.00° 0.12+0.007
Isoleucine” 0.22+0.02° 0.22+0.01° 0.19+0.01°
Leucine” ©0.29+0.02° 0.29+0.02° 0.26+0.01°
Tyrosine 0.24+0.01° 0.24+0.01° 0.21+0.02°
Phenylalanine” 0.25+0.01° 0.25+0.01° 0.23+0.01°
Histidine 0.15+0.00° 0.15+0.00° 0.16+0.00°
Lysine” 0.34+0.01° 0.33+0.03° 0.31+0.02°
Ammonia 0.24+0.02° 0.24+0.00° 0.25+0.01°
Arginine 0.31+0.03" 0.30+0.02° 0.27+0.03
Total 454 4.50 427
EAAY/NEAAY 0.67 0.67 0.66

Y Mean t SD of three replicates.

% Different letters within a row denote significant differences (P’<0.05).

3 . . .
) Essential amino acids.

4 . . .
) Nonessential amino acids.
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Table 5. Major fatty acid composition Mideodeok muscle from Geoje

Muscle(%)"

Fatty acids

January March May
C14:0 4.7+0.1% 4.5+0.5" 3.7+0.4°
C16:0 10.3+0.1% 11.6+0.9° 11.0£0.3°
C16:1n-7 11.3+0.0° 12.7+0.6° 13.9+0.4°
C18:0 4.0+0.1%° 38+0.1° 41+0.1°
C18:1n-9 7.6+0.1% 54+0.2° 5.2+0.3"
C18:1n-7 6.0+0.1° 6.2+0.2° 6.0+0.2°
C20:5n-3 20.0+0.0° 21.3+0.5° 21.6+0.4
C22:6n-3 17.9+0.8° 16.8+0.2* 16.5+0.5°
Saturates 22.8 24.8 234
Monoenes 274 26.9 27.1
Polyenes 49.0 47.8 49.3

U Results are mean valuesSD of three replicates.

? Different letters within a row denote significant differences (P<0.05).
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from

Table 6. Major fatty acid composition of Mideodeok muscle
Tongyeong
Muscle(%)"

Fatty acid

January March May
C14:0 6.6+0.7°7 5.3+0.4° 43+0.2°
C16:0 12.2+0.3° 13.2+0.2° 11.4+0.4°
Cl6:1n-7 7.4+0.1° 10.2+0.0° 10.6+0.2°
C18:0 3.6+0.1° 3.7+0.1° 5.3+0.1°
C18:1n-9 5.9+0.3° 5.740.2° 4.2+0.1°
C18:1n-7 7.9+0.2° 6.7+0.1° 6.9+0.4°
C20:5n-3 22.3+0.2° 22.3+0.7° 20.3+0.3°
C22:6n-3 16.5+0.2° 17.2+0.4° 16.9+£0.4
Saturates 258 26.0 26.6
Monoenes 233 24.8 239
Polyenes 51.6 49.2 49.6

) Results are mean values+SD of three replicates.
? Different letters within a row denote significant differences (P<0.05).
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Table 7. Major fatty acid composition of Mideodeok tunic from Geoje

Tunic(%)"

Fatty acid

January March May
C14:0 3.6+0.3" 49+0.1° 3.0£0.2°
C16:0 12.9+0.3 12.1+0.1° 11.9+0.4°
C16:1n-7 10.1+0.2° 13.6+0.6° 13.2+0.6°
C18:0 3.9+0.1° 3.9+0.1° 5.2+0.17
C18:1n-9 3.0£0.2° 2.5+0.0° 2.2+0.0°
C18:1n-7 9.1+0.2° 7.1£0.2° 72+0.3"
C20:5n-3 222+0.1° 22.6+0.6™ 23.2+0.2°
C22:6n-3 15.2+0.8 17.5+0.5° 15.2+0.7°
Saturates 24.2 249 24.2
Monoenes 24.8 24.4 24.8
Polyenes 50.7 50.3 51.0

) Results are mean values+SD of three replicates.

2 Different letters within a row denote significant differences (P’<0.05).
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Table 8. Major fatty acid composition of Mideodeok tunic from Tongyeong

Tunic(%)"

Fatty acid

January March May
C14:0 4.0+0.2° 45+0.3" 2.3+0.0°
C16:0 13.4+0.3% 11.6+0.3° 13.6+0.3°
C16:1n-7 6.0+0.2° 10.7+0.5° 8.2+0.3¢
C18:0 4.0+0.2% 3.8+0.2° 4.7+0.4°
C18:1n-9 9.5+1.0° 54+0.2° 5.3+0.4°
C18:1n-7 22+0.2° 6.2+0.2° 5.4+0.1°
C20:5n-3 20.3+0.4° 21.3+0.6™ 21.6+0.3°
C22:6n-3 18.0+0.3° 18.8+0.2° 17.1£0.2°
Saturates 25.2 24.5 24.6
Monoenes 19.7 25.6 23.5
Polyenes 54.9 49.4 524

D Results are mean values+SD of three replicates.

2 Different letters within a row denote significant differences (P<0.05).
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712 39 wst

UEYE EFIES HOHER 3] W vz RE A nF g
% #71de s ez d8A Aok HoY & 2 AAd €
149 AdA FFWEE Table 9, 11(AA L) L Table 10, 12(F 4ol
ZrZt JeRTE & F71d 3L AEFo g 222~277%0|Yx, F7E £
A& EAH3s7] 3 ICP(Inductively  coupled plasma  emission
spectrophotometry) 2 7} &9 &FS FA3 A7 tdFLAA K Ca, Mg,
Nao} vjggdsd 2 F34 4EQA Cr, Mn, Cu, Zn, Pb, Ag 2 As7} HA&H
Atk diF-Eo] YAEL Add wE WIE Yehien, 194 A3 &
FEE Yeld Nad & 2 A2 59 e 1,1287~1,471.1 mg/100 g 4
At K 3 Mgel o] wiste 1499 7B £33, AAGH 594 § 2
AAo AN Z+zt 563, 98.3, 77.9 2 110.6 mg/100 go|.o.™, Mge] FZFe 7t
7} 68.3, 78.0, 534 2 833 mg/100 g o]ttt Ca ke zhzh 1291, 1325,
1528 2 1125 mg/100 gol, 19RThE= 594 &L 3FFe Ve
3 & AtEAE "4 77138 Mn, Fe, Zn9 & 74zt 0.2~52 mg/100
g, 05~25 mg/ 100 g, 0.2~3.1 mg/100 go. 2 yElxtt. Cus HT0.1 mg/
100 g2 mig- ¥ FFes HAo 283 55 o<l Cr, Pb, Ag ¥
Ase] F}FL FATE F AE AR EL $S B, 4FHd & EAe ¢
€ AoE AANY. wetA, vty FEde 7rES st a3
Hog HFH3A IJFHFAAFTZRDA)E FFAY + J& Ao JAAY
(FNB, 2004).

L9

VU (Styela clava) BF3ES ADH dstel] thste] Brrats] $jeke
200513 1¥5¥ 59714 2784 vtk AAe} 9 FAFANA ANEE AF
%ot Glutamic acid, aspartic acid, arginine, leucine @ lysine o] 7}%
58 ofuit JEolAnt HlFg ofn|i=ilel] g P olmite] HlE
e oFe wimste 3, vHY & AAY e 0.55~0.61,
Gire 0.66~0.679] WA Pty Ko ¥ LEEIESAAY] §
of o} A FHALE FHHF AL E UgNTh JME & §FHS B
Aupake EPASL DHAZ & % 200~223% 9 165~17.9%, ZHAA
20.3~232% 2 152~188%7} zZtzt FHHO AU F FrA FFe

(2 off ot ro oft ok
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22.2~27.3%Q3, Na, Ca, Mg, K 5o] 3 Zdd T34 EUA

Table 9. Mineral content of Mideodeok muscle from Geoje

Muscle(mg/100 g)”

Mineral

January March May
Potassium(K) 56.35.0°2 43.0+6.7° 39.0+4.5°
Calcium(Ca) 129.17.2° 141.6+2.3° 192.3+11.9"
Magnesium(Mg) 68.3+7.0° 44.6+4.2° 42.8+5.6°
Sodium(Na) 1,471.1421.8*  1,257.9+12.4° 1,286.0+34.3
Manganese(Mn) 5.2+0.5° 0.9+0.0° 1.00.2°
Iron(Fe) 2.540.3° 25+0.3" 2.3+0.5°
Copper(Cu) 0.2+0.0° trace 0.1+0.0°
Zinc(Zn) 0.3+0.0° 0.3£0.0° 0.3+0.1°
Chromium(Cr) trace 0.1+£0.0 trace
Lead(Pb) trace trace trace
Silver(Ag) trace trace trace
Arsenic(As) trace trace trace

U Results are mean values+SD of three replicates.

? Different letters within a row denote significant differences (P<0.05).
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Table 10. Mineral content of Mideodeok muscle from Tongyeong

Muscle(mg/100 g)

Mineral

January March May
Potassium(K) 77.9+3.2°% 65.9+3.5" 47.0+3.9°
Calcium(Ca) 152.8+7.3° 162.4+4.4° 193.4+8.1°
Magnesium(Mg) 53.4+3.3" 46.1+2.2°° 42.0+4.6°
Sodium(Na) 1,326.9+16.0° 1,286.2+6.3" 1,244.0+19.0°
Manganese(Mn) 1.9+0.0° 0.3+0.0° 0.5+0.1°
Tron(Fe) 1.7+0.2° 0.8+0.0° 0.50.0°
Copper(Cu) 0.1£0.0° 0.1+0.0° 0.1+0.0°
Chromium(Cr) 0.1+0.0 trace trace
Zinc(Zn) 3.1£0.1° 0.4+0.0° 0.2+0.0°
Lead(Pb) trace trace trace
Silver(Ag) trace trace trace
Arsenic(As) trace trace trace

! Results are mean values+SD of three replicates.

2 Different letters within a row denote significant differences (P<0.05).
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Table 11. Mineral content of Mideodeok tunic from Geoje

Tunic(mg/100 g)»

Mineral
January March May

Potassium(K) 98.3+5.3" 84.5+5.4° 57.3+4.5°
Calcium(Ca) 132.5+6.0° 168.6+12.1° 273.3+8.3°
Magnesium(Mg) 78.0+6.1° 67.1£4.2° 42.8+2.7°
Sodium(Na) 1,335.1+20.4° 1,391.0+124°  1,286.0+9.7°
Manganese(Mn) 0.30.0° 0.2+0.0° 1.0£0.2°
Iron(Fe) 0.9+0.1° 0.7+0.2° 2.3+04°
Copper(Cu) 0.1+0.0° trace 0.1+0.0°
Zinc(Zn) 0.4+0.0° 0.2+0.0° 0.3+0.1°
Chromium(Cr) trace trace trace
Lead(Pb) trace trace trace
Silver(Ag) trace trace trace
Arsenic(As) trace trace trace

) Results are mean values+SD of three replicates.

? Different letters within a row denote significant differences (P<0.05).
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Table 12. Mineral content of Mideodeok tunic from Tongyeong

Tunic(mg/100 g)

Mineral

January March May
Potassium(K) 110.6+2.1°? 81.5+3.9° 49.5+4 5°
Calcium(Ca) 112.5+8.4° 192.2+2.3° 211.3+1.6°
Magnesium(Mg) 83.3+5.2° 64.5+4.2° 55.2+5.6°
Sodium(Na) 1,128.7+155°  1,161.0+104°  1,368.5+22.2°
Manganese(Mn) 0.3+0.0° trace 1.3+0.2°
Tron(Fe) 1.3+0.3° 1.5+0.2° 2.2+0.0°
Copper(Cu) trace trace trace
Zinc(Zn) 0.5+0.1° trace 0.3+0.0°
Chromium(Cr) trace trace trace
Lead(Pb) 0.1£0.0° 0.1+0.0° trace
Silver(Ag) trace trace trace
Arsenic(As)" trace trace trace

D Results are mean values+SD of three replicates.

? Different letters within a row denote significant differences (P<0.05).

_45_



A 2 A vHY Jl2H =029 datEeAy

AE

FAAEL HAAEA Biloly oxAEE L 753 54E vt B2
B 117} JcHFaulkner, 1984; Faulkner, 1986). o|x}tirlEzo] QIzte] A7l 83
&S ditke A P FFHeEE wie- Fa3the At dHAA HU-
o] 22 o|AUAEASY ERL A, s, NI A A8 T ABAES
Uelf= Aotk disiatge] 542 Mxutat 27 oA AReidd 1 ol =
oA frefg As 48 JAlge TS sk AeE 4#A Ui Burton and
Ingold, 1989; Carini et al., 1991).

oJZIAEAR] FIREIolEE el FFY mAF FAHAECE EAdke A
2 4" vk Haooynthia  roretzi®]  PAA  FHE  FAHELEME
alloxanthin(31.3%), halocynthiaxanthyin(15.5%) 5-©] 1THLee et al, 1994). |2 7}
ZH|zo]= AE9Q] amarouciaxanthin A 2 BE Amaroucium pliciferum(Matsuno et
al, 1985) 28] 2|54 Ht}h Rebachuk 5(1985)-2 Halocynthia aurantium 72|
e F 7tR2Exo]=E astaxanthind} diatoxanthino]Z}al 3t thdst i3t
282 JERH(Okuzumi et al, 1993; Yan et al, 1999), H¢] A7dl| 2Jshd 712
Blimol=rt 35 AALE 31 Wl AS o 2 Az d-E 28] LS
29 § vk 9749s EEEHJT By ol JlRHxolEE A &
A 2 2Afedd dA=E-S JehdcyJyonouchi et al, 1995 Krinsky, 19%4;
Krinsky, 1992; Surai et al,, 2003).

NFAES] AserE AR A wWE wEl  Z3(Ackman, 1995
Gamez-Meza et al, 1999; Orban et al, 2002, Vlieg and Body, 1988), X33} &k
T wh=rHLeu et al, 1981; Oehlenschlager, 1991; Constantunides et al, 1995). A
A 9 AT Wshe 5L, GEEE, g e HolHEe] Wl & 9%
S w=tHSocal et al, 2004 Lorenzo et al., 2005; Pederson et al, 2005). A2 T}&
Zo7 GRewdA A== Styela plicata(Lesueur)s FATAS} T7)xjo] o]
olF 847t & ¥ MR AeE YelstHQan and Thiyagarajan, 2003). 3
Halocynthia aurantium-g vi-¢- 87} A3 20 =3AZE W AE3he vlEo] v
T RIS AHEAL, ol ¥& 20 =2HE HYr|Fe] AAFHor AL
&1A) 7] wjiolg} 31riSanina and Kostetsky, 2002).

o] AF9 EAHLE F AYQoX FAE moH o2 RE FE3 A8 S diE
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PsHIS 2A] HFoRAY SIS Rolstad sted Ak

As 2 W

A=

B Ay A3 n)u Y (Styela clava)e 20053 19, 39, 59 A AAA
AE(%; GM, 43; GT) 2 294 $9(& ™, AE; TT)olA A3 st
20 kgo. 2 AR F -24TCo YFie ARFste T3z §F EAS
Aol AES B2E FEEAAN T 3 A ALt

eeols Aie) F2& W I3

Mz 22e 52 A% vldY $3 4L AENY &, 49
gl 3ujFY acetones 7}3tal dEuWF Ao WA g AL RS F
& - AoeigthFig 1). o 2L 33 wWEse] ARZHE M2F T
2T AH(E acetoneFEE L IHANIFTZTLFFHIIZ 40T o3
558 F FAGTZ §717, A7)0 ether® 7} MRS AEAT
F, A HAAEFREE7|E o83 Sujg s AASY Maia
B2 ST F JIRExol= #$FE 460nmolA UV
spectrophotometer(Shimadzu 160A, Kyoto, Japan)Z t-3-9] 2]o] 2|3l A
aeiP=s

OD (Amax) x Vol x 1000
E™10n (2400) x weight sample(g)

Total carotenoid(mg %) =

29 A=zrhzae
2zke] FizElols YRS B Yste] MgOCelite 545(1:1, w/w)7h £
B AY7 gu) A2ES B4 Fig 29 Wyo g Melsn)
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Muscle Tunic

l Extracted with acetone l

Acetone Solution

Stand overnight in the dark at room temp
Partitioned between diethyl ether and water

I ) ]

Aqueous solution Diethyl ether solution

Stand overnight

Wash with H,0

Dried over with Na,S0, v

Unsaponifiable matter
(TOTAL CAROTENOIDS)

Fig. 1. Extraction method of total carotenoids in the muscle and tunic of Styela clava.



s ARvhEaey

Ay A2vtEagudX dolA FiZHkolE FAES AAE] YA vk A7
nlETenE gtk A G wE Sdoled B ARe FHsln
ehthylacetate:dichloromethane(1:4, v/v) &3 8oz ZAIZA. 8 zb g
UV 9 olalA RS Z4ste] BED} vlmd o1 21zke] §2g Fohho] ohiE
o2 Z3JA7] T thA] 50 mLe] diethyl etherol] HEAHTE 2zt B3] &5 AHE
BE sk McBeth(1972)9] Whglell weh the Aol wel § nig Axksisik

100 x vol. OD Amax(for each fraction)

Percentage =
2fvol. OD Amax(for all fraction)]

HPLCd]| 2J% 72 H|=0l=2] {4

7zt FHo EAE 437 9l HPLC(Pharmacia LKB Biotechnology, Uppsala,
Sweden)Z AJHE-EAE HAIEIHTE 40 AMgE A]2He LKB VWM 2141 =2
470 nmoj|A] UV-visible spectrophotometer2 ¥-2J3}9tk A8+ AL Sumichiral
OA-2000(25 cm x 4 mm L.d, 5 ym, Sumitomo Chemical Service Ltd., Tokyo, Japan)o]
%131, n-hexane/CHCl,/EtOH(50:20:0.5, v/v/v) EF-E1iE 0.8 mL/min2 & &3}
ack 289 ZF RS FF Mass Spectrum© & H)aEA stk

Z ¥l= gE] 54

Z ¥ 33HE9] =32 Folin-Ciocalteu(Slinkard and Singleton, 1977)H-& ¥ &8s}
A&ty & 100 ule] JlRHxolE FZE@FIREc]E FEE 0.12%/ethanol,
v/v)ell 14 mLe] go]24, 100 uLe] Folin-Ciocalteau 412 ThE, 30 sec F9F )3
3ta, 20% NayCOs 848 71 § 30 sec F%F EF3EL 20ToA 2 hr T LAHA|
1 F IANFTE AR 76 nmollA| FFEE SA8IU) Gallic addE EFO = &
o ¥FFAE A3k AR s AT
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Total Carotenoids from.Ssela deva ttmic and nusde
*Colurm chromeatographed on celite 545:silicagel 60G (1:1)

! ! } } ' |

Fr. 1 Fr.2 F. 3 Fr. 4 Fr.5 Fr. 6
B-Carotene E. 2-1; Barypoxanthin Fr. 3-1; Zeaxanthin Mytiloxanthin Fr.51;(3R, 3R Fr. 6-1: Fcoxarthin
(100%hexane) ~ (oacetoreinhexare) ~ (2%MeOHinactore) (0% MeOHI  Agaxanthin (40%MeOH in acetone)

R 2-2; Canthaxarthin Fr3-2; Diatoxanthin acetone) (5%AOHInMEOH) . 6.2; Halocynthiaxarthin
(10%actoneinhexane) (2% MeOH in acctore) Fr.52,(383) (60%MeOH n acetone)
F. 2-3; 4-Hydroxy-echinone 13- 3; Gynthizanthin Astaxanthin

(15%acetoneinhexan) ~ (10%MeOH inacctore) (5%AcOHin MeOH)

R 2 _4’ 4’_I_Iyroxy_5” 6’_ F3- 3, 9-CIS-].)atoxa[ﬂln

Dilydro echinone (15%MeOH in acetore)

(0% acetone in hexane)

E. 2-5; Lutein

(25%acetone in hexane)

Fig. 2. Schermatic diagram of cdum chramatography of carotenoids for Fr. 1, 2, 3, 4, 5 and 6 separated from the muscle
and tunic of Syela clava on MgO:celite 545 (1:1, w/w).



Linoleic acid systemS ©]8-3 vlgY] &5 313 §4 53

Linoleic acid system& ©]-&%}+ vicly F28<] 313} 84 F4L2 Osawa and
Namiki BPH(1981)S #8lslo] Z4a19ch A= H(0.12%/ethanol, w/v) 4 ml, )%=
#1U4H25%, v/v) 4 mL/ethanol(99.5%), 14ksAl(pH 7.0, 0.05 M) 8 mL, Bol&
T 39 mLE & 42 t, "PHE™ A el ¥o] 40T F29llA incubation A7)
HA] thiocyanate HPHO 2 FASIT) Linoleic acid peroxidation®] s8] W8, &
% inhibition of linoleic acid = 100 - (Abs increase of sample/Abs increase of
control x 100§ Ateted st A4S JEMYE BFSZ butylated
hydroxytoluend(BHT), butylated hydroxyanisole (BHA) % a-tocopherol-& A}8-3}<
Aot 2 UM xS, viaTele A8 4E A7kskA] &3 vhEAIA v
& %29 vt} A EE S8tk

Ferric thiocyanate $h-3-

HhE- o) 01 mLel 75% ethanol 9.7 ml, 30% ammonium thiocyanate 0.1 mL&
H7veka, AEslA 35-0] AUThe FeC2(0.2 M, 35% HQA) 01 mLE AH7}sie ¥
24 whe- A B sl 500 nmollA FRES ZAsck

Thiobarbituric acid ¥h&-

AE £ 1 mLol 075% TBAGSigma Co) £ 2 mLE #7}8 TR 100°CAA
1082 Bgick W9 F 3000 rpmold 2087 PRSI AEAL 52 nmolA
FHES 2SN, W8 AL e wIAT B SHeR WA

DPPHE ©18-3 vty 3259 {2808 2A8 33

DPPHE ©]83t frejettd 248732 Yamaguchi(1998) Fo W& HEslo
Z3390: 01 M Tris-HC(hydroxymethyl aminoethane) $+3=94(pH 7.4) 950 pLol)
AESHPLC grade, JT. Baker Co, USA)l 321 05 mM
DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma Co.) 1 mL(¥&s%= 250 pL)& ¥ 30
Z %9 vortex mixer2 &35 & 305 ¢ w3 ok 517 nmojr] FREE =
Atk RS FEE YAl A 50 uLE B3 FA3Pon, HuTdeEE
oergol] =21 500 ppm¢] a-tocopherol(Sigma Co.)3 BHI(Sigma Co.) 50 uL-& 7}
st} 2 whHoz EAINTh fElgitld AAEARL iz Hg AETY F
F=E YESE Yepdck
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Hydroxyl 8lt]Z 2A%9 54

vty Fl2g=0]=9] hydroxyl lE1Z £A59 %42 2-deoxyribose oxidation
PY(Chung et al, 1997)& WFE ARSIATE MUY JlREH=c=E &Y
(0.12%/ethanol, v/v) Ztz} 20, 60, 100 2 200 pLell 10 mM 2-deoxyribose 02 mil,
10 mM Fe'?/EDTA 02 mL, 10 mM H0O; 02 mL 5& E§3l9th 32 =& 100
mM RIS (pH 7402 2 mLE 511, 37TColA 4413 BT WA ATh §vhE
3 2.8% ftrichloroacetic acid 1 ml, 1.0% thiobarbituric acid/50 mM NaOH 1 mLE
A7V o 100ColA 1027t 7HEstith 718 & d8-02 J¥Zslal 532 nmollA
FBAEE 23390 F Y Rz 37Tl whSAIF1a(Te) 4THA 427
Z}3t F(To) the Aol ot At 5, % scavenging activity = 1-[(sample
OD - To OD)/(Tc OD - To OD)] x 100 Alxkste] Aaj@ddo g Jehlich

TAREA

ZE AL 33 w2 A"k mean:SDE  UEWIYT, JMP  Statistical
Discovery Software™ version 5(SAS Institute Inc, Cary, NC, USA)E o]|&-3}d
Tukey-Kramer HSD test2 £7A12)2] 3l$ch.

ZESU R TR
noe £ 2 74 Fo] AlZe o= el ust
MY § % RN $23 F JlREkol= FuY AAA WSl Fig 34

HERAIS: AAl 3 B9 AR 7i2EHols e 19 % 3YEG 5¥Yd ¥
%S JERIITE GM, GI, ™ % TTol| 3H8 B 72E=ol= e ZH2t 491
mg/kg, 514 mg/kg, 42.0 mg/kg % 502 mg/kgo] Utk

alAFe] Ft2Eleole gl g Age v Atk Alello F(199%)°] Hlv=
9] Ak& % Aplidium nordmani 2 Styela partita®] 7}12H|x0|= &S EA% 2
I 27} 400 mg/100 g 100 mg/100 go] EAlste Aoz ¥k o] & die
£ d7A S48 g 2L ¢S BoFE ek

ey % 2 -4 e FtREol=] BagEe OE FYET vlust
H F2 golth oE& W ANS Penaeus indicus, Parapenaeopsis stylifera,
Metapenaeus affinis R Metapenaeus dobsoniol ztz} 10.0 mg/kg, 10.0 mg/kg,
140 mg/kg % 144 mg/kgol o A3 (Gopakumar and Nair, 1975), of
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A A5 Penaeus semisulcatus X Metapenaeus monoceros,d 2t2} 141 mg/kg
2 169 mg/kgd FEEZ FHHol ANCU(Yanar et al, 2004), 34t C.
echinata®] A 21Ao] 20 mg/100 go] 7l2H*xo|=7} Eojde AL ¥y
(Matsuno and Tsushima, 1995). }

7ZIZHol=E ksl Aol die] Fadt 4R shiz Asly &3l uigs)
© AgjEdoln, A &, A 9 A4AY H3l 58 HEsle o))
T 3lthHalliwell, 1994). 35t oz} Bcarotened HIEN A9] AFA|ZA 2Hgst
o, vty A% deg 4R 7lRHxcl= £ FYo] @ F Ug Ao
ot

7t2Hol= 2] Ws}

nHY & 2 A48 378 JtRHxol= 249 WslE Table 1~49) Z}z} Y}
Uitk AR e FAELS 4-hydeoxy  echinenone(30.3~53.3%),
cynthiaxanthin(12.4~19,8%), canthaxanthin(12.6~19.2%) 2 B-carotene(4.5~9.8%)°] 1tk
H 8ol FHE FAHELE  4-hydroxy  echinenone(39.2~487%),  cynthia-
xanthin(7.3~14.6%) % halocynthiaxanthin(3.2~104%)°]3tk. %< 3red B
-Crypthoxanthin 2! B-carotenee W3 FEFo|¢l3l, lutein, zeaxanthin,
diatoxanthin, 9-cis-diatoxanthin @ mytiloxanthin®] ke Agolglch S a3
A9 JlRHxolE 52 Ao $FE FHETt AUtk 4-Hydroxy echinenone,
canthaxanthin, cynthiaxanthin 52 ] o #fi=o] U, Aol gvd ¥
< 4-Hydroxyechinenone, cynthiaxanthin, canthaxanthin, halocynthiaxanthin,
4’-hydroxy-5', 6-dihydroechinenone 522 ZZol 3Hd AJEo] ] I3t o=
ettt} 4-Hydroxyechinenone, canthaxanthin $o] & 32 Jehlls L
canthaxanthin®] £ thAl}ge Ealo] §AE7] Hio|cMatsuno et al, 1985).
GM3} TMS] AgellA 348, GTellA 488, TTA 24888 533 Zaiont
=< S JeEICH
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0O January
80.0 - M March

B May

GM GT ™ TT
Samples

Fig. 3. Total carotenoid contents of Mideodeok muscle and tunic. Data are
expressed as mean valuesiSD of three replicates. Column not connected by the
same letters are significantly different(P<0.05).
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Table 1. Carotenoids composition of Mideodeok muscle from Geoje

Carotenoids Composition(%)"
January March May
-Carotene 9.8:0.1°%  69:0.1°  4.5+0.0°
B-Crypthoxantin 4301 133+01°  5.4+01°
Canthaxanthin 19.1:0.0°  9.8+0.1° 16.2+0.1°
4-Hydroxy-echinenone 344+04° 472+01*° 41.1+0.1°
4’-Hydroxy-5'6’-dihydroechinenone n.d. n.d. 1.8+0.1
Lutein n.d. 0.510.2 n.d.
Zeaxanthin 0.6+0.0° 0.6+0.2° nd.
Diatoxanthin 0.6:0.0 n.d. n.d.
Cynthiaxanthin 18.6:0.1°  124+0.0° 16.9+0.1°
9-cis-Diatoxanthin 0.31+0.0 n.d. n.d.
Mytiloxanthin 22:0.1°  07+0.1°  1.3x01°
(35,3°S)-Astaxanthin n.d. 0.7£0.1 n.d.
Halocynthiaxanthin nd. 15+0.1°  1.8:0.1°
Unknown 1 3.7+.01°  53+01°  4.1:01°
Unknown 2 32:01°  59+01°  4.0:01°
Unknown 3 25+01°  5.0+0.0°  1.4+01°

U Results are mean values+SD of three replicates.

? Different letters within a row denote significant differences(P<0.05).

n.d., not detected.
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Table 2. Carotenoids composition

of Mideodeok muscle from Tongyeong

Composition(%)"

Carotenoids

January March May
B-Carotene 57+01%  52:01°  52:01°
B-Crypthoxantin 57+01°  3.8+02°  25:01°
Canthaxanthin 192:¢01  12.8+01° 13.5:0.2°
4'-Hydroxy-echinenone 435+0.0° 53.3+x0.1° 30.320.0°
4’-Hydroxy-5'6’-dihydroechinenone nd. nd. nd
Lutein n.d. nd. nd.
Zeaxanthin n.d. n.d. 0.4+0.0°
Diatoxanthin 0.8+0.0° n.d. nd.
Cynthiaxanthin 16.7+0.1° 13.8+0.1° 19.8+0.1°
9-cis-Diatoxanthin 1.3+0.0°  1.3+0.0° n.d.
Mytiloxanthin 23+00°  25:0.1° 4.7+0.1°
(35,3°5)-Astaxanthin n.d. n.d. nd.
Halocynthiaxanthin n.d. n.d. nd.
Unknown 1 n.d. n.d. 2.8+0.0°
Unknown 2 n.d. n.d. 45+0.0°
Unknown 3 21:01° 1100  1.6+0.0°

U Results are mean values:SD of three replicates.

? Different letters within a row denote significant differences(P<0.05).

n.d., not detected.
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Table 3. Carotenoids composition of Mideodeok tunic from Geoje

Carotenoids Composition(%)”
January March May
B-Carotene 1.7+01*?  1.9+01°  1.6+0.0°
B-Crypthoxantin 56+0.0°  35:0.0°  26+01°
Canthaxanthin 73+0.0° 124+01°  14.6+0.6°
4 -Hydroxy-echinenone 441077 472+01°  41.1:01°
4’-Hydroxy-56’-dihydroechinenone ~ 5.9+0.0° 3.9+0.9° 5.8+0.1°
Lutein 1.1+0.0° 4.0£05 n.d.
Zeaxanthin 0.3+0.0° n.d. n.d.
Diatoxanthin 0.6£0.0 n.d. n.d.
Cynthiaxanthin 105+0.1°  20.6:05°  19.7+0.5°
9-cis-Diatoxanthin 0.4+0.0 n.d. n.d.
Mytiloxanthin 1.4+0.1° n.d. n.d.
(35,3’S)-Astaxanthin n.d. n.d. n.d.
Halocynthiaxanthin 79+01°  87+05°  10.4+05°
Unknown 1 43+01°  0.8+0.1° 1.0+0.1°
Unknown 2 4.3+0.0° nd. nd.
Unknown 3 24+0.0°  43+06°  3.8+0.0°
Unknown 4 1.31£0.0 n.d. n.d.

U Results are mean values+SD of three replicates.

? Different letters within a row denote significant differences(P<0.05).

n.d., not detected.
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Table 4. Carotenoids composition of Mideodeok tunic from Tongyeong

Composition(%)"

Carotenoids

January March May
B-Carotene 234009  35:00°  44+0.0°
B-Crypthoxantin 47+00°  3.6+0.2°  24+0.1°
Canthaxanthin 85+01°  89+0.0° 13.5+0.0°
4 -Hydroxy-echinenone 48.7+0.1*  45.120.0° 424+0.1°
4'-Hydroxy-5'6’-dihydroechinenone ~ 4.6+0.7° 3.4+01°  4.9+01°
Lutein 1.2+0.0 n.d. n.d.
Zeaxanthin 0.3£0.0 n.d. n.d.
Diatoxanthin n.d. n.d. n.d.
Cynthiaxanthin 114+0.0° 156+1.0° 16.2+1.9°
9-cis-Diatoxanthin n.d. nd. n.d.
Mytiloxanthin 28:0.0°  4.5%0.0° nd.
(35,3’S)-Astaxanthin nd. n.d. n.d.
Halocynthiaxanthin 62+02°  57+01°  3.2:01°
Unknown 1 1.3+0.0°  1.7+0.0°  1.1+0.0°
Unknown 3 24+00° 37402  3.3:0.0°

Y Results are mean values+SD of thre

e replicates.

? Different letters within a row denote significant differences(P<0.05).

n.d., not detected.
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Z = sighEe] g

oy & 2 A Jl2HxolE FEEA HE F e EY s 3
&t Fig. 40 YeERIUTE AA Age] sl IFE o] 599 AR 311,
= 2 ds IFES o] AE FRFED Witk 22 TT AIRE A
fJstae 7+ Algzte] HElE AUtk GM, GT, ™ 3 TT A59] #s 3 212}
126~13.6 1g/g 11.9~130 pg/g 11.1~138 ng/g L 10.0~138 ng/ge] HeS HYch
o] A= SHau o] TR Lol 58 HE e FFRTe e #S
X I Mitchell et al,, 2003).

HEz ES 8% NFEA] F4aFAA sl a7 98 g}
(Rice-Evans et al,, 199%). Aot} &747 Q19 ¥islE MA=E tekst Fe9
ZEH 2o i Lo|oA2A AsHoR B4 BFgYAR o|FHAEY o
2 AREEC7|® Stk A EoX9 sE SgEe] AAES T ¢y, UV o
3k =&, v]AEe] ¢fula #o] utiDuval et al, 1999). |G ENA 9] H= 313
£ Ao #F Ame FFsht ASEH 529 74t e od ge9 #4334
89 & o] 3HE] FAo] AFE. vty AEE AFHE AVIE 14, 3€,
599 AR FZ § olfx A7)l Uk

Linoleic acid system& o]8-& vty F&&9] i3} B4 Wi}

7t2H o] =9 3itsl B4 g He] V1R =@l olFojA i gtk FIEEH=
o|= 53] Bcarotene®] At 2fr]ZHkE-ol| tigh in viro A#HZHE €§3Y e A
57} @ojAa Utk AHREES FEATIAY 2AZRES e AY dFaks &
B2E Toll uigh ArF U3 s o (Krinsky, 1993).

ey & % A3 712Hxol= F&Ed] g linoleic acid?] ¥4HEF B2 in
vitro ¥hH o2 AT AAMs] 8 FAHE 2719l FitslEY] AL
ferric thiocyanate ol &3t} AFHNT, 2I3ME0] Raxo] A= A}
9] 23} AA3E-2 thiobarbituric acidel] AFA1A 24311tk

Fig. 5o A ule} o] RE AlFeA 3l B4E Btk F AFY 72
AR FE2E0] & A8HT 22 I8l S48 BT, 53] 39 ¥ 59 A8
linoleic acidol] tH&}e] a-tocopherol¥it} £ ikl #8438 YehSlcl TBA HH
o 9§ F2Eo| gital A ghe] WM3lE Fig 60l VeI 399 GT € TT A
859} 599 TT A& 71 283 st 84S 530, BHT % BHAS} Hls:gl
%S JERUTHP<0.05). wetA vdY AEo] dd 7hRH=clE FEEL @
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NsleAE 8ol /Psd Aoz HrhEe) Ak

DPPHE: ©o]83 v|dY 3289 {2tz £2ASA 9] st

DPPH= f88t)Z sighEoln feElajtld 2459 34S A8 4 88
el shto[thNaik et al, 2003). &H4ISHEAF} DPPHeL| ASrhgo & HAxpt 4=
47} DPPHE olgezy feleitdzdo] Fise 71Feltk nud FE289
DPPH= feElgitd &A%Y AAE Fg 7o Yeiglck BHA, BHT % «
tocopherol®] HFFE= 01 mg/mLE vHY Jl2H o= F2E9 FEE 1
mg/mLE sl A3 Ay} BF| vl mil¢ e e Btk 32 GI Algr)
7 E2 3E BEAY, 5 mM DPPHe| tist fElgitzd AA%<] 29.85% wloll =
Al &skth DPPHe} #ste] 71 840 w2 3ihEe #lssighEelr 53,
phenolic hydroxyl {AldS $Hishe B2 745 7 £2 4L Hole Aoz
d2iA Qlok ole HEsEEY AL a50] xR o3y g5
2}, ZARFAL] 28-S 514 phenoxyl radicale] AW AAAE ¢33} e A
o2 ogAFTHAruoma, 1998).

Hydroxyl 2}tz 4£A59] s}

nHy § 2 ZAAZRE FE3 JI2Hx0l= R tid hydroxyl i &
A%-S A3 Fg 8o Uel)gich Fenton ¥HEdl| 2l3te] AJA=E= hydroxyl 2}
tio] nty Fl2Eeol= AR o8l AAFHE AR Yeigth 39 GT ¥
TT Age 27 274%0] 71 28891, 100 3% 22 046 2 045 mg/mL
o2 Uehstt) o]A& BHAY] IC50 72 045 mg/mLs} H|SE BAS BoFE A
oty &3 399 GM ¢ T™Mx} 599 GT 712H|=0|= F&E-& BHAS HId 7
#E hydroxyl gz 2A%S Uellilth o] ZAZ njFo] £ of vty 72e]
FIRE=o|E FEEL PIFARAY 77} AFEY, AFot ook Yua
A= ARgo] 7FsE Aoz A7

B0 B FoA hydroxyl #BUzke 7PF 84 Zstn wdlE, DNA,
PUFA, $j4hg HIESE AJEAA 0l 4215 4lol] o3t &8 7149} s ¢ 2
< A% A9l dle] Hr|= gitAruoma, 199). Tk mlHge] F7]3<0 4
Fe olet 22 A ofitg HSiME vlRS AFo] E 5 Yok
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2

ARt FEe2RE AT vy & R A JlZEols e 2 S
B3, 349 AE7t 7P Esken, 19 Agrt 7P Witk GM, GT, ™™ 2 TT
ANgo] B Ft2Hxol= ke zkzb 491 mg/100 g 567 mg/ 100 g 420
mg/I0 g W 502 mg/l00 gem ZAET Kol FW FARS
4-hydroxyechinenone, canthaxanthin, cynthiaxanthin @ B-carotene ©|13. 2o
e AR 4-hydroxyechinenone, canthaxanthin, cynthiaxanthin &2
halocynthiaxanthin 5 ©|{ch

ey ZtZEkeol= IEY JIeAEES Fetstr] Slsto dE g% ¢ isie
& AN ZE AlRolM e 33 s gg Bglen, DPPH #dZ A
SBEE WATh Ty BE AlRdA el digh 3st dAFEL A
HolaL HA F2E0] vl AAHo|Ak Wyt ofa} hydroxyl =]z AHsiEAdel
M= AEAE HeERleH, HEIstAI)] BHAY IC50 g HIS:3th
oEbA Blojge GddEe] SR AA A M ] JHX7} e AeE Byt
HAUk

_61_



O Jarwary
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140 |
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Total phenolic content (ug/g)

20

0.0

GM GT ™ T

Fig. 4. Total phenolic contnent of Mideodeok tunic and musdle carotenoids. GM,
Geoje muscle; GI, Geoje tunic; TM, Tongyeong muscle; TT, Tongyeong tunic.
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Absorbance at 500nm

Incubation Time (Days)

Fig. 5. Antioxidative activities od carotenoid extracts ontained from Mideodeok
muscle and tunic as measured by ferric thiocyanate method. GM, Gedje muscle;
GT, Gegje tunic; TM, Tongyeong muscle; TT, Tongyeong tunic.
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a-Tocopherol
GT Jan
GI' Mar
GI May
GM Jan
GMMar
GM May
TT Jan
TT Mar
TT May
T™ Jan
T™ Mar
T™ May

0 0.2 04 0.6 0.8 1 1.2
Absorbance at 532nm

Fig. 5. Antioxidative activites od carotenoid extracts ontained from Mideodeok
muscle and tunic as measured by thiobarbituric acid method. GM, Geoje muscle;
GT, Gegje tunic; TM, Tongyeong muscle; TT, Tongyeong tunic.
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Fig. 7. Comparision of DPPH radical scavenging activity of Mideodeok carotenoid
extracts. Final concnentraion of DPPH radical was 5 mM, while the
concnentration of a-tocopherol, BHA and BHT are 01 mg/mL. Mideodeok
carotenoid concnentration is 1 mg/mL; GM, Gegje muscle; GI, Gegje tunic; TM,
Tongyeong muscle; TT, Tongyeong tunic.
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Fig. 8. Hydroxyl radical scavenging activity (IC 50) of Mideodeok carotenoid
extract. GM, Geoje muscle; GI, Geoje tunic; TM, Tongyeong muscle; TT, Tongyeong
tunic. BHT, butylated hydroxytoluene; BHA, butylated hydroxyanisole.
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Al 3 A vty iy AR

A&

ulelE(Styela clava)2 HAFEE wjMFEoMRY &3k HUMER AAdd:
of 20009F0] AL Qe Ao g glorm E537 & gtog <l &
guelellMgr AF2AR o]gE L Iok(h, 1986). 195d%E 247 =349 vl
g Yol B3 FEIEZITHAY SR AlFE o] 1998dRE 23 AT @3
o FHNA Foz F7pirld o= irh

2T ARAFE] A5y W vty 4uyt Ikl glow AtaEw v
d STk ofRle] A5F el Z1fsta Aok §9E v AA, 14, vkt
HadolA F2 A ow, 39RE 78 Aot Aateke] 71 Be Alvjelch
oo ge] 4H] Fele F2 ol BN 5o AEE ol&Hm, 1yl 37e
02 4~5979) AHAE o] o] &=1 Qi)

H vlddel] digh #Ale] FolEA Al mE JPE] Hin(loda et al,
2006), FIHY - o5 FASA(Park et al, 2006), FHEF i vty &
o AXEAY Ad(ung et al, 2006), OHHIE F&Eo] 4515 DNA 44 4%
(Seo et al, 2006), PIt|Y F2=2| st W YA INKIm et al, 2006), FF T
g FEE9 FAslE(Kim et al, 2005), |tjy A 22¥ glycosaminoglycanse] 5
Z(Ahn et al, 2003) T B A7V} o]Foix|a Qi

53] vitige] zta e 7154 AR tig B4lo] HolAEA 7154 2EF4A
2A9] 7E7F ForAL Qlvk webA £ AeMe AFAANZ olgEE A ¥
FEC] He 71EEd tig A7t 2o ol it ARE daiat sk

Ag 2
As
B A AMg§ v oY (Styela clava) 2005 1€, 39, 59 A AAA
AE @ EGA Fdalo] qHste] 20 kgo.2 ATAF & -24Co] YyEu
o AFsle F1 Z FHo AL Jdld ARE Z2E FEEIAA HF
3 Ay ALg3R-
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Simultaneous Steam Distillation and Extraction(SDE)°l| 23l 7|4 &

9 %2

Z5)(copper) 24 hS NG wUE § 2 A 100 go] ol
900 mL¢} WH R FE F(cyclohexanol, 0.1 ppm)< 3713k t}-g SDE A x|
A ether® FZE L2 2 hr & F 3G} (Nikerson and Likens, 1996).
FZ29 7| E-& KD(Kuderna-Danish Sample Concentrators) &5 7|2 A
A3 § g AAsIA o 1 mLy} HESF gt GC ¥ GC-Msz2 T4 3ttt

Solid Phase Microextraction(SPME)9d] ¢]3l 7| R 2] F5

SPME #*|(Manual type, Supelco Inc., Bellefonte, PA, USA)dl, &&&
fiberi= polydimethylsiloxane/divinylbenzene(PDMS/DVB, 65 um coating
thickness)& A&l A58 YA FS FH3sle] 20 mLe headspace glass
vial(Supelco Inc., Bellefonte, PA, USA)dll %3 aluminum crimp seal(20
mm, open center)¥} polytetrafluoroethylene(PTEE)/silicone septum(60 mils)
o7 YWHF F 40T 3083t fiberE vial WollA =FA1A A 33
S FIAAG-

PR B

noy & 2 AdozrE ANFHS Fr|EAe AL capillary column
(Omegawax-320, 30 m x 032 mm id., 0.25 um thickness, Supelco, St.
Louis. MO, USA)3} FIDE ##st GC(Shimadzu 17A, Kyoto, Japan)Z #4
3t th SPMER ] o8 &8 A5 482 AFH GCo fiberg GHAA F
A3ttt EAZHL column 25 & Hx 58S 0TE FAS T £9F
3CH AFAA 240TCo =4g3 v 4087 FAAIFT. Injector 250C,
detector 260°C, carrier gas(He)= 1 mL/minZ A3} 31, split ratio= 50:1

2 st

F7148e] 5 2 AF

GC profiled] . Veld 2z F7]4JE9] peakol]l s|F3ts HEA33FHES]
linear retention indicesE& ZAAS}7] st E3}4 A (n-paraffins, Cs-Cos,
Alltech Associates, USA)E EFEFE AR, A8 Fr/HES Y
g ujot TYF 2UOE GCo FY3to C5-C259 FF WFEF AIHS 7
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stelch. AR GC profiledo] vehd 7 $714%9) wBg Az} EF
gsteadte] wRE AIE vlaste F714E 9 retention indexRDE +
st Hth(Cadwallader et al, 1994). Z} 34l 31§HEo) dig FAHAA 4L
retention index % standard MS library data(Wiely 275K, Hewlett-Packard
Co., USA)ll stRon, 324 3= FF2 WREFEEE 183
AUlE ko g FAaksl tHfactor=1, ug/g).

a3 9 F

F71389 ¥ 2 53

voiy & 9 Ao FFE HAE F g o3 A FUIP4ES
A7l 98t 100CoHA AN F2 - FFse
distillation and extraction(SDE)& ©]&-3lo] SO0 2REH 34 2 16484%E& 53
skl Fig. 1, 2 & Table 1, 29} Yeldila, vioiy & 9 Ao} zZe
headspaceE 7] 93l solid-phase microextraction(SPME)E ©]|&3}of &
022 3792 2048% A5k Fig 3, 4 9@ Table 3, 40] 22zt Vel
o} F3HFE cyclohexanolS 7|FCZ SDEd 9 & % A Yo ZHEH
7978 2 8593 pg/100 gol¢l3l, SPMEd] 93] & 2 A Yo ZRE 1265 L
115.7 ug/100 g °|ith. °l& 3P ES group¥E EF3IH SDE F& &9
4% alcoholf 175, acid® 6%, aldehyde® 5%, hydrocarbon® 6F S =
TAE 9o, aldehydedF 7t 71 =& &gFo]flal, alcoholF7} 1 thgol
t}. SDE #& Ad9 7§ alcoholH{F 20%F, acidF 4%, aldehydefH 6%,
hydrocarbon® 7F%.2 FAHSH, aldehydeF7l 718 T2 FFolAy,
alcohol77F 1 o502 K3 wjg {FABIHITY. SPME F& |9 A%
alcohol# 9%, acid¥ 1§, aldehydew 1, hydrocarbon® 15, ester 1,
amine 1%, ketone 2£ 08 FAEoH, alcoholHF7t 71 =& %ol
1, acid 2 esterF7} 1 th&oldth SPME & AR AL alcoholF 95,
acid® 25§, aldehyde® 3<%, hydrocarbon¥® 2§, ester 1%, amine 15,
ketone 2F 02 FAHAS W, aldehydeF7t 718 =& o], alcohol
F7h 2 thgol ok

SDE %% %9] #7]4¥(Fig. 1 @ Table 1)9] A& alcohol 3FE FA
+ (Z)-4,5-dimethylhex-2-en-4-ol¢] & &o] 7} #9k31, 1-octanol, 1-nonanol,

simultaneous

_69_



1-tridecanol, 9,12,15-octadecatrien-1-ol o] EA = Ao}, o]E alcoholF+&
AA 7t ol AR LA FFE A A X vvy |9 Ay 2 ¥
Fol b AFERT =o} vty o FAZd ZA 7HF AR AR
o}. Kusaka 5(1983)2 WA #F7|AES 4% A WA 579 78R
% 2 A n-octanol, n-decenol, n-decadienol 59 X3} @ EX3} alcoholo] F
AEolela 33, Fujimoto F(1982)2 WA =53 FI|AHEELS t-2,
c-7-decadien-1-0ol & ©]E9] o|A4A TS Xgs= EX3 15 alcoholo] F
AEo2 285 % UFd EAe F3H alkyl sulfateyt W F9
alkylsulfohydrolaseo] ¢J3] E3=o] AAAHATGD P

SDE #Z& A9 gr|AE(Fig. 2 ¥ Table 2)o]A = l-octanol(43.2 p
g/100 g)& HlE3F 1l-nonanol(40.3 ug/100 g) 5 |3 wj$ Hl£FT TAHS
UEl13, Choi and Ho(1995) 5o &3td ®A 7188 F4 &
A A E alcohol2 HA F71AHE oF 38% oS ARt o]E°] WA
Fo FAAEQU AR Ruddrh 53] § FEEAAME FTHHA ERd
2-furanmethanolo] 7<% it} 2-Furanmethanol-& Bl WA 9} 298 U,
FE JHEsle Fol AAdHE EFo|th(Reineccius, 2006a). ol A9 wWEkE
31329l phenole] Feke 206 pg/100 goldon}, AYozREE 98 1
g/100 go 2 v FFoq EAGe ZoFE Ugoen, uiEAsA Xt
o] JEog d#jA UHCha et al, 1993).

Aldehyde 3}3E oAl £ hexanalo] 3654 ug/100 go 2 714 Egton,
ol9lo] F8 aldehydeHFZA|= 24-decadienal, tridecanal, tetradecanal,
1,13-tetradecadienal, hexadecanal £¢] TAFHYEH], o5& F& IEEX
A rakel bsl o] o8} A48 Ao g Holvj(Karahadian and Lindsay,
1989), ketone®-¢} TIEo] v JYe E@FF F/Edd Jiddtde Rix
2 tHCha et al, 1992). AcidF+= 4F FAHULY 53] FIdXite Eg
YA gtol=e] R FV AZHAY 7HE AFHAY A8 THE A
Ae TG AREAEH e EIEA FUYUE =AAUE G
(Reineccius, 2006b). Hydrocarbonf-+ 7%°] FHHUL, 2Ax 3AE ¥
< FAHAHA U

7tE e g SPME WHo®E F& FTHE IFEL vy S ¢
AR FS IdE wgITt & F Aok KFo2RE FHE IFES
Fig. 3 % Table 3o Zz} Jelidth % 16528 alcohol 9%, aldehyde 1

'~
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%, acid 1§, hydrocarbon 1%, ester 1, amine 15, ketone 2% 2 2 t}oF3h
FEE i3t AR} Alcohol Fo) A= 1-nonanolo] 31.6 ug/100 g, ester
o A= (E)-2-butenedioic acid dibutyl ester’} 20.3 pg/100 g, acid 3ol A]
heptadecanoic acid”} 26.7 ug/100 go 2 A ko] 621% S 2}A|5H4

TQ' fr ol oft

AAoZRE = 20508  alcohol 9%, aldehyde 3%, acid 2%,
hydrocarbon 2%, ester 1%, amine 15, ketone 25902 & F& Y3} H|=3%
TAE 133 A, 1-Nonanole] 19.8 pg/100 g, 1-undecanol& 16.4 p
g/100 go2  alcoholel WiFEE  XA3HAL,  aldehydeFol A=
24-decadienalo] 18.6 ng/100 g, tridecanalo] 31.2 pug/100 g g 4% 33E
of A AdF 743%E AA A ol50] vy AR F& YEhle RO
2 AAZAY. §3e 28 AHoM acid gFL FHL Ao g eyt

ot

vHy § 9 Ao gfE AR F e o3 yAPHe FrPES
BA87) 98l 100TCoAA YAAZL 3=2Z . %523 simultaneous
distillation and extraction(SDE)¢} & % A o] zt= headspaceE 7| 913}
o] solid-phase microextraction(SPME)& o]-&3&la 7|42 S EIAFAHSIA
. F3 %S cycohexanolg 71ES 2 SDEd| 93] & % AHoZHE
797.8 2 859.3 pg/100 goll i, SPMEd| &l & © AHozRE 1265 %
115.7 pg/100 g oAk o5 HFPES EFIIY SDE FF §9 A%
alcohol® 17%, acid& 6%, aldehyde¥ 5%, hydrocarbon® 6% .2 FA]F
o, aldehydeF7t 714 &2 o], alcoholiF7 2 thgo|Uth
SDE FZ& Alde ZA$ alcoholit 20%F, acidF 4%, aldehydedF 6%,
hydrocarbon§® 7F22 FAEHSSH, aldehydeFrt 713 =2 kol
alcohol#7} 1 t}2-0]git}t. SPME 3% {9 79 alcoholi 9%, acidd 1
%, aldehyde& 1%, hydrocarbonf 15, ester 15, amine 15, ketone 2Z 9
2 FAHRSY, alcoholF7t 7ME =& FeFo|ld, acid 2 esterfFr} 1

Soldth. SPME F& A9 7% alcoholF 9%, acidF 2%, aldehyde®
3%, hydrocarbon¥ 2%, ester 13, amine 1%, ketone 2Z 02 AL

™, aldehyde?7} 7} &2 %<l alcoholF7F 2 thg-o] At

lo
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Fig. 3. Total ion chromatogram of headspace volatile components of
Mideodeok muscle by solid-phase microextraction(SPME).
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Fig. 4. Total ion chromatogram of headspase volatile components of
Mideodeok extract by solid-phase microextraction(SPME).
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Table 1. Whole volatile compounds of Mideodeok muscle by steam
distillation and extraction(SDE)

I;\elaok RI” Conc? Compounds name”

2 <800 26.1 3-Ethyl-2-pentene

3 869 371.3 Hexanal

5 1198 11.5 1-Octanol

6 1230 72.1 (Z)-4,5-Dimethylhex-2-en-4-ol
7 1260 23.6 1-Nonanol

9 1270 21 1-Decanol

10 1300 3.8 1-Undecanol

13 1353 85 5-Decen-2-ol

14 1393 39.8 1-Dodecene

15 1394 0.8 1-Dodecanol

16 1405 16.2 2,4-Decadienal

17 1416 294 Tridecanal

18 1421 80.1 1-Tridecanol

20 1434 0.7 Tetradecanal

21 1450 2.5 1-Tetradecanol

22 1460 0.6 1,13-Tetradecanol

23 1464 1.5 2-Pentadecen-4-yne

25 1517 206  2,6-Bis(1,1-dimethylethyl)-4-methylphenol
28 1561 4.8 Tetradeca-4,9-dien-1-ol
30 1593 1.0  4-Hexadecen-6-yne

31 1634 1.8 5-Octadecyne

32 1939 18.6 9,12-Octadecadien-1-ol
33 1649 3.5 ng—S-Heptadecen-S-yne
34 1660 42 ,12,15-Octadecatrien-1-ol
35 1674 10.6 17-Octadecen-14-yn-1-ol
36 1714 3.0 Hexadecanal

39 1757 0.7 Cycloheptadecanol

40 1795 0.6 Dodecanoic acid

41 1867 0.2 ng)-9—Octadecen-1-ol

44 2081 0.1 etradecanoic acid

46 2204 3.2 Hexadecanoic acid

47 2222 10.3 Heptadecanoic acid

48 2326 0.2 (Z)-9-Octadecenoic acid
49 2337 23.8 Octadecanoic acid

URetention index on Supelcowax 320™ (30 m length x 0.25 mm ILd x 0.25
um thickness. Supelco Co., USA) column.

?Concentration (ug/g) of each compound was calculated as a relative
content to cyclohexanol put in sample by extraction method (140.5 n
g)(factor=1.0).
These compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
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Table 2. Whole volatile compounds of Mideodeok fluid by steam
distillation and extraction(SDE)

I;S?)k RLY Conc? Compounds name”

2 <800 243 3-Ethyl-2-pentene

3 869 365.4 Hexanal

5 1198 43.2 1-Octanol

6 1230 78.2 (Z)-4,5-Dimethylhex-2-en-4-ol
7 1260 40.3 1-Nonanol

8 1265 24 2-Furanmethanol

9 1270 15 1-Decanol

10 1300 41 1-Undecanol

11 1318 14 (E)-4-methyl-3-decen-2-ol
12 1336 8.6 Cyclodecene

13 1353 0.9 5-Decen-2-ol

14 1393 63.5 1-Dodecene

15 1394 1.8 1-Dodecanol

16 1405 19.6 2,4-Decadienal

17 1416 31.7 Tridecanal

18 1421 234 1-Tridecanol

19 1429 1.1 Cyclodecanol

20 1434 1.9 Tetradecanal

21 1450 2.2 1-Tetradecanol

22 1460 82 1,13-Tetradecadienel

23 1464 0.8 2-Pentadecen-4-yne

25 1517 9.8 2,6-Bis(1,1-dimethylethyl)-4-methylphenol
28 1561 1.3 Tetradeca-4,9-dien-1-0l
29 1563 1.2 4-Hexadecen-6-yne

31 1634 3.6 5-Octadecyne

32 1939 3.4 9,12-Octadecadien-1-ol
33 1649 0.9 (2)-3-Heptadecen-5-yne
34 1660 32.6 9,12,15-Octadecatrien-1-ol
35 1674 13.2 17-Octadecen-14-yn-1-ol
36 1714 3.2 Hexadecanal

38 1744 0.2 17-Octadecadien-1-ol

39 1757 0.3 Cycloheptadecanol

41 1867 0.4 (23-9-Octadecen-1-ol

43 2045 0.6 Tridecanoic acid

45 2120 0.1 Pentadecanoic acid

47 2222 42 Heptadecanoic acid

50 2337 59.8 Octadecanoic acid

YRetention index on Supelcowax 320™ (30 m length x 0.25 mm ILd x 0.25
um thickness. Supelco Co., USA) column.

YConcentration (ug/g) of each compound was calculated as a relative
content to cyclohexanol put in sample by extraction method (1405 n
g)(factor=1.0).

These compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
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Table 3. Whole volatile compounds of ascidian muscle by solid phase
SPME

Peak 1)

No R.IL Conc?  Compounds name”
3 869 0.3 Hexanal
4 1032 0.2 Heptane
5 1198 3.4 1-Octanol
6 1230 1.1 (Z)-4,5-Dimethylhex-2-en-4-ol
7 1260 31.6 1-Nonanol
8 1270 6.5 1-Decanol
11 1353 44 5-Decen-2-ol
16 1416 8.2 Tridecanol
24 1517 51 2,6-Bis(1,1-dimethylethyl)-4-methylphenol
26 1533 6.5 2,3-Diethyl-1,5,7-trimethoxyindenone
27 1557 7.6 N-Butyl-4,9-decadien-2-amine
37 1735 41 1-(1-Hydroxycyclohexyl)-3,3-dimethyl-2-butanone
39 1757 0.2 Cycloheptadecanol
41 1867 0.3 (Z)-9-Octadecen-1-ol

42 1948 20.3 (E)-2-Butenedioic acid dibutyl ester

47 2222 26.7 Hepatadecanoic acid
YRetention index on Supelcowax 320™ (30 m length x 0.25 mm Id x 0.25
um thickness. Supelco Co., USA) column.
YConcentration (ug/g) of each compound was calculated as a relative
content to cyclohexanol put in sample by extraction method (703 u
g)(factor=1.0).
These compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
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Table 4. Whole volatile compounds of ascidian fluid by solid phase SPME

I;e;::( RI1” Conc? Compounds name”
3 869 0.2 Hexanal
4 1032 0.1 Heptane
5 1198 43 1-Octanol
6 1230 0.2 (Z2)-4,5-Dimethylhex-2-en-4-ol
7 1260 19.8 1-Nonanol
8 1270 1.5 1-Decanol
9 1300 16.4 1-Undecanol
11 1353 04 5-Decen-2-ol
13 1393 05 1-Dodecene

15 1405 18.6 2,4-Decadienal
16 1416 31.2 Tridecanal

17 1421 1.2 1-Tridecanol

26 1533 1.8 2,3-Diethyl-1,5,7-trimethoxyindenone

27 1557 1.7 N-Butyl4,9-decadien-2-amine

37 1735 2.0 1-(1-Hydroxycyclohexyl)-3,3-dimethyl-2-butanone
39 1757 0.4 Cycloheptadecanol

41 1867 1.6 (Z)-9-Octadecen-1-ol

42 1948 3.8 (E)-2-Butenedioic acid dibutyl ester

45 2120 9.9 Pentadecanoic acid

47 2222 0.1 Hepatadecanoic acid

YRetention index on Supelcowax 320™ (30 m length x 0.25 mm Ld x 0.25
um thickness. Supelco Co., USA) column.

?Concentration (ug/g) of each compound was calculated as a relative
content to cyclohexanol put in sample by extraction method (70.3 u
g)(factor=1.0).

“These compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
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A 44 vgyg A FuAA EZeo

A&

Suete] gFEol FAEHT, AFY HAET 715 - FFFHY A
e AHAEY Ado] goldd wat 2T THF R PPN T
7HEAE AAY AAHA S FEA717] A AA FTHAA olgEE
g2 FobAa ok ol#g HA FuliAe AFeA BHEst| 3z 7t
FE3) E(beef extract)oll A} 1 YFE &E F Aoy, 959 JUA, E53
U 2 FFEEol Bel dRH Ue AAFIT A FraAY 952N
dg] o] 853 glth(Cha and Baek, 1995; Oh, 2001; Josephson and Lindsay,
1986).

Al, AF 240 2 2 FE FAELS GE oFe 9 579
WAE AUz gled, o 2t dAls tiEe F$ 7153 HoM 89
< ol LAY MREH FATEFol o YA FulE Tol JFAHAHEE
o|t}(Hsieh et al, 1989; Chung and Cadwellader, 1994; Tanchotikul and
Hsieh, 1991). =4 F 9] Fnjd & #A% d+e F2 L el 82
o AF=Ho $oh. a2y 19703 2o oA slxzazulEagte(GC) ¥
GC/AZFEY7I(GC/MS) T 471717} HDEHA FrjdRd g B4
o] mz57] A=At

2BAE B4HA A ANY gel Ax A te e @
Me Az geoe Rolt A4 fe] WAE 2uxst mrE Faelm
2 W 728 247 H6, B8 A4S olFe AwY WAE ALY
#osl= lipoxygenase 7|99 dA7} & 9L n]FH}(osephson and
Lindsay, 1985 2l AE®Rd  ue A4HE  ofw, 53
trimethylamines= 41/4d% 42 F 9] WAl blX= JFo] & EQorE
&} th(Hirano et al,, 1978).

H|B42 Z2Nkg-2 Maillardikg-olgta st Ma2¥A 2 Fvle ¥
off & 94L& ¢t} o] Hkg¢ EAL2 aldehydef, ketoneH 9} amined I
g FAFH peptide’d € DAFIE ME HEE-dl= Aol (Kwon et al,
1965). o] W& Faled AF AR FANINL, A% B 23 P} 2
& 7124¢ FAAATHHodge, 1953). ¥tiE Aolel WAl WAz vh
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kA Zg AR JEhgovt, e opndlk @ oA RHEIS X
gt ot a2y 2o o] o} stgsttiete @ Rk-g-3} Maillard
Sol YolvtA] ferh wEkd A Qe dAFHY TS WISt LA Wb
SAA A F& JElEeE 238 23 BHEES o]&3ld xujg §9

A0 gL I

AR B W

oy A4g &8 FriALd E49 A

Hz Fuhd E-dS nEV A HExd S AT st Y&
Brix 10°22 %3 o5 dAZF F(glucose, ribose, fructose)d} o}n]x=it
(thiamine, methionine, taurine, glycine, alanine, threonine, cystine %)< 4]
o] 1 N NaOH=Z pH 7.0~722 Y33 HF§-ZX(stainless steel, 300 mL)d] ¥
o] 2= 160TeIA 25 hr W&A1A vltiy AY Foj7id £2& A=A
TH(Table 1).

vy FrEde F& ¢ 55

Azd Fu7id £2E 500 mL Hlo]Add Hg thE 7)o methylene
dichloride 50 mLE ¥ % ¢ 12417t F¢F vldy /|4 S FE5399.
239 7| EL Kurdena-Danishi 5%7]15 Al&3te] 40T o]slollA &1

g g8 U3 1 mLyl °@ WR 538

F71E49 dgrt

vty 7)ol &g FHH 7219 panels T4 A5 Bt ¥} F
84 713% H7Moverall acceptance) Foll sl 597 HGYH(+++++,
b Fg; +rrh, B+, BE; 4 88 4 oF 3802 Brlem,

O ARE HEgeE il

FaB Ao GC 2 GC-MSE 4

F718de] £AL capillary column(Omegawax-320, 30 mx0.32 mm i.d.,
0.25 um thickness, Supelco, St. Louis. MO, USA)3} FIDE %33+ GC
(Shimadzu 17A, Kyoto, Japan)2 43l th £4Z2AL column 255 3
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-

587t 60CE A8 chrt 3C/minZ 240C7HA] 53 thg 4027 &
3}l Injector 250C, detector 2607C, carrier gas(He)v= 1 mL/minZ
5911, split ratior 50:12 8}YTH

2 P

FN9B 53 2 4

GC profiled] yeld z+ F7|JE2] peakel] 3s|Fst= FHLAA3FE
linear retention indicesE ZAR37] A3t 3l (n-paraffins, Cs-Cos,
Alltech Associates, USA)E BEFEZZ AME3IH3, Al59 F7AHES 4
& Wl UG 2HROZ GCo) FYstd C5-C259] ¥F WEE Ae 7
ok ZF FEA SIFEC g FAHFJ FHL retention index H
standard MS library data(Wiely 275K, Hewlett-Packard Co., USA)ol| £]3}
on, A4 FE IFE YEEFTELS ol &t iy FFoez &
A8} tHfactor=1, ug/g).

ZFEREEE

HAxA A4S AT g xd

noy 28 & A7 f% veEAS 4337 At vgYy 7t
A H4He AAE Brix 10022 538 0, 6z 79 B3} ojuxy,
oru}, =z}, A7 53 160TC A 2A)3F 308 %9) stainless steel BF-3-Z ) A
HEEA1A dojZ ¥hg o] th3te] 7919 panelo] HIIEIEE 3o 1 ARE
Table 1e vtebul At

Maillard ¥F§-9 7]Eo] H&= B3 otu=its ZAAS7] A3t miuy
A, 68t3FA  glucose®} 58FQl riboseE Z|EoZ Flo], olm|ikihe
thiamine, methionine, methionine, taurine, glycine, alanine, threonine,
cystine F& AM8-3ta, A8 WS ATy Y3t &3 ¢,
s, #E, A% 53, B} §& e whgds wEY. Glucosest
thiamine 24 o] riboses} thiamine Zd Xt} e H7IE vory, ribosedt
methionine 292 o}F ¥ 38 JFAPse= Aoz veldrh Glucose,
ribose$} ¥Z33EQ taurineFE HEFS HIrIE UERS, Qo] G o}
UxihE F7E B9 = thiamine7 7 B5 02 HItE AT

L3 otuieit 3te] miEAZA ZRNEE-Ql Maillard ¥H&-o] Hoji}7]

_80_



€& AF A7 By oyt go|y i Ze B FH a4
< F1, lysined} 72 4 otu|=ite] o3 F FYUHY &4E& o
o7 AR g#H A Ut Carpenter, 1973).

g AA Y 2Eo wtE WsE HrMe 27} riboser} glucoseR T 2 A
o2 v, Aol W, vhe, % At nEew, 1@, w4 Ae
e 2o AnE B FP 23 AYF} glucose, glycine, cystine 77}
714 £ HIHE Ho] Fo] olF 5ol iste FrdRe A4S AN
tH(Table 2). Song 5(1966)2 glucose2t glycine &A1 Maillardyk-g-o)) of
st ¥%, pH ¥ 2571 & Ed vXe FEFE 52832 733
11, Lee and Han(1989)-8 fructose®} glycined] 2 eluk-$-olA dojit= A9
kel F otw| At A wisle] st K13 e.w, Stamp and
Labuza(1983)2 aspartame¥ glucose, 12|31 glycine®} glucose2] 3-8
of s FEEAH=9} Maillard ¥H3-7He] #AE 81371 3FHT-

e

o w

W R oA dojR wk-go o] Fr|AHH

ZF917) AHAEL £ - 43H 2, hydrocarboni 295, aldehyde® 11
%, alcoholf 8%, ketonef 7%, pyrazine® 2%, ¥H3¢E 5%, esterfF 3
%, acd® 13%, Vgt 13F& oy d(Table 3). AFdA=
5-methylfurfural 3.12%, 5-methyl-2(3H)-furanone 2.13%, 2-methoxy-3-ethyl-
pyrazine 3.15%2 AAHAIL, ester 3}FEQ! 1,2-bezenedi-carboxylic acid
dibutyl ester7} 20.83%, (Z,Z,Z)-9,12,15-octadecatrienoic acid methylester7}
641%Q3, 1 9] tertadecanoic acid 1.71%E HIE3+ (Z)-octadecenoic acid
8.93% 5 AHALA Z o]F oA} MA FrAHEY 43.99%E AX3H
. BFo A= 5-methylfurfurale] 31.44%2 6 ©32 glucoseR U= 5 ©F
9] ribose7} HAAHo|NI, 5S-methyl-2(3H)-furanone 2.51%, 2-methoxy-3-
ethyl-pyrazine 2.42%7} AAHUT. 28|31 ester 3}FFEQ  1,2-bezenedi-
carboxylic acid dibutyl ester’} 20.05%, (Z,Z,Z)-9,12,15-octadecatrienoic acid
methylester7} 7.06% 2 ©]9} 22 A NY-F TS ester 33HES] FA
FL 2AEL ATEe Aoz Ve 1 9 tertadecanoic acid 1.12%E
H| 23} (Z)-octadecenoic acid 6.34% T FHALA E o]F o|AGA 7} HA
g9 89 31.32%F AAAT. 718 HEFo WA AL et wh
SA171 CHo A= octenal 2.02%, 1,1,23-tetramethylyclohexane 3.88%Z&
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hudrocarbon 3}3tE9] 3 Aol T AT, ester 3FEQ  1,2-bezenedi-
carboxylic acid dibutyl ester”} 20.13%, (Z,Z,Z)-9,12,15-octadecatrienoic acid
methylester7} 2.82% 2 A, B¢ vl ¥ oh. 18y} tetradecanoic acid7}
2011% 2 HZA3] F7rstd ™A FE F7l4tel wgxAd & %S
3 Aoz Jehtd, (Z)-octadecenoic acid 2.42% % FAHA AL @ o5
o] A7t HA Fr|dE S 438%F AA AT DFAE F UE IR
& A7) A8t HXE F7etd W& A F T 5-Methyl-2(3H)-furanone
3.97%, octenal 1.08%, 2-acetylthiazole 1.10% & U& F9= & IR
o] FAHE YehfAi, 53] 1,2-bezenedicarboxylic acid dibutyl ester7}
138% yiol FHAHA ool FUIFAHY WHIE JEJAY. a2y
octadecanoic acid7} 30.01%% YEelh} QAXA] Hr7lFeeE A dE HAAES
Heon, tetradecanoic acidE X33 AR Aate] ko] 6271%E =%
I panel 8 UES] HrtE S5 vgy Qs &8I 2uE WL 7t
T84S AN

Maillard ¥+$-¢] F 7142l B3} olu|=Aie wk-3-34 F pyrazine, oxazoles,
thiophenes, thiazoles 12|31 H T} & heterocyclic sulfur 338 534 2L
meat flavordl] 7|3l 71 EZ o] A A A} (Nursten, 1986 ). wW&}A amino
313tE7 carbonyl FHFES FFH AH7ME&, pH, 7ld2%d @&
Maillard ¥+g-4% A7 (Chun et al, 1986), 18]1 wH3-g3k<¢la}e] gt 4
F71 o]Foj3tH(Pham and Cheftel, 1990). aa7]oA] i LAHE=
hydrocarbonfF+= ©%57)2 vh3Y R} lactosed} xylose EF whg-folA F
L %2 YA, &S 317] 3] A= cystineo] lactose?} maltoseE
T3t ZhEd wkEdo] aF}FHo PTG I HTHKo et al, 1997). ZEH
37] YAJol= thiopheneso| Tl om, 7] &9 FA o= 3-methyl
thiophenei} 2-thiophene carboxaldehyde o]¢]¢]| 2-formyl fF=Ax EA) 3}
R, §ii7]l &9 YYo= oYX ketonesFF7} TSI 3§ tH(Mega,
1975). Ketones 3}3&E o= 2-heptanoneo|it} 2-nonanoneo] A3},
furan 3}FEAE 3-methylfurans} 2-pentylfurane] FAlEoluct. E3)
amadori A4 & 2] deamination®|\} dehydrationd] 2]3] A=+ 2-furfural
& EE B3 dd EAEIHR e, 7] o FAd FHEL oA Rt 3}
SIFER A 7|9 & A 7|Hgith= Bi(Evers et al, 1976)%3 §
F34EF xyloseste] g AoA 317] Fu] Foo B AHRH|UATn
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3¢ tHKo et al, 1997).

Maillard ¥+ 226l BAglol Wgzrlo] SAgat ojnlwate] 37
& wrgo] dojuw, ArhA olnlmate] EF) B 2 Aolrl e ez
g2 A AtH(Yoon et al, 1994). wetx ol HEGAE 8317 93t EF
9} Zro] A 9-glucose-glycine-cysteineZA| S e ¥HEAIZ) Ad}, Ao 9
gk heterocyclic 33EQ FHAo] HzZIIFNew, (Z,Z7Z)9712]15-octadeca-
trienoic acid methylester7} 29.26% 2 7} Egtow olE 33t A A ural
o] FHFL 4890%E A EH T} Xylose, cysteine, thiamine2] Maillard ¥H$-
AN B REY FHY=E At At [PClxyloseS o] §3to]
145TCol| A 20 minZt ¥F3-A1Z] A3 2-furfurals} 2-furfurylthiol & xyloseZ &
Bl 7199  A°]3d, 3-mercapto-2-butanone, 4,5-dihydro-2-methyl-3(2H)-
furanone,  4,5-dihydro-2-methyl-3-furanthiol,  4,5-dihydro-2-methyl-3(2H)-
thiophene2  thiamine© ZH ¥ 7]¥" AHoln, 2-methyl-3-furanthiol,
3-mercapto-2-pentanone-2 cysteine 7] ¥l Ao 2 88 H o} (Cerny, 2007).

29

Maillard ¥h-g-9] 7]&o] Fe B# ojv|=4bs AAFY] 3ty mgYy
A, 68+FQl glucosest 58133 riboseE 7|Eo g 3dle, olm]:iHe
thiamine, methionine, methionine, taurine, glycine, alanine, threonine,
cystine & AMESIH T, AEZQ Wets ZAE7] A3t A&sle Yy,
s, #FE, 4%, =3, 3 F& Ukt ¥gdE& e Glucoses}
thiamine X4 o] ribose®} thiamine g Xt} }e HrE Wy, riboses}
methionine Fd-2 ol i IS FAse ASZ YT Glucose,
riboses} $F39HE Q] taurineTE REF O HrtE uElga, Aol I of
1= 4bS H7beE A9-% thiamine7 ¥ BF o2 HriE ). 7|£9 A -7
SPolAE FAR G FaFo] 3132~6271%2 7ME wS FFE HY
, A, B, CFo| A& 1,2-bezenedicarboxylic acid dibutyl ester®] &Hx 20%
d3ste Aeg Uy olE sigtEo] AA FUIHEY 50% ooz
Eo] AY-7 ¥ZA9 FH FEZ A=, AYL 83 2v]H
g A HRoE & 5 Je FA2Z YEyH

oz O fiu kI Z
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Table 1. Flavor characteristics of sugar-amino acid-Mideodeok extract

solutions after Maillard reaction at 160C for 2.5 hr

. e * Sensory
Reaction conditions
test
0.1 M Glu 100 mL ++++
0.1 M Rib 100 mL ++++
01 M Glu 100 mL + 0.05 M Thi 100 mL +++
0.1 M Rib 100 mL + 0.05 M Thi 100 mL ++++
01 M Glu 100 mL + 0.05 M Met 100 mL +++
0.1 M Rib 100 mL + 0.05 M Met 100 mL +
01 M Glu 100 mL + 0.05 M Tau 100 mL +++
0.1 M Rib 100 mL + 0.05 M Tau 100 mL +++
0.1 M Glu 100 mL + 0.05 M Gly 100 mL ++
0.1 M Glu 100 mL + 0.05 M Fru 100 mL ++
0.1 M Glu 100 mL + MSG 10 g +++
Extract 100 mL + 0.1 M Glu 100 mL +++++
Extract 100 mL + 0.1 M Rib 100 ml +++++
Extract 100 mL + 0.1 M Glu 100 mL + 0.05 M Thi 100 mL +++
Extract 100 mL + 0.1 M Rib 100 mL + 0.05 M Thi 100 mL +++
Extract 100 mL + 0.1 M Glu 100 mL + 0.05 M Met 100 mL ++
Extract 100 mL + 0.1 M Rib 100 mL + 0.05 M Met 100 mL ++
Extract 100 mL + 0.1 M Glu 100 mL + 0.05 M Tau 100 mL ++
Extract 100 mL + 0.1 M Rib 100 mL + 0.05 M Tau 100 mL ++
Extract 100 mL + 0.1 M Glu 100 mL + 0.05 M Thi 100 mL ot
+ 0.05 M Met 100 mL
Extract 100 mL + 0.1 M Rib 100 mL + 0.05 M Thi 100 mL it
+ 0.05 M Met 100 mL
Extract 100 mL + 0.1 M Glu 100 mL + 0.05 M Thi 100 mL it
+ 0.05 M Met 100 mL
Extract 100 mL + 0.1- M Rib 100 mL + 0.05 M Thi 100 mL it

+ 0.05 M Met 100 mL

*Glu; glucose, Rib; ribose, Fru; fructose, Thi; thiamine, Met; methionine,
Tau; taurine, Gly; glycine, Ala; alanine, Thr; threonine, Cys; cystine,
Symbols mean odor of intensity : + weak, +++ moderate, +++++ strong
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Table 1. (Continued)

. e Sensory
Reaction conditions
test
Extract 100 mL + 0.1 M Glu 100 mL + onion 10 g +++
Extract 100 mL + 0.1 M Glu 100 mL + garlic 10 g e+
Extract 100 mL + 0.1 M Rib 100 mL + onion 10 g +++
Extract 100 mL + 0.1 M Rib 100 mL + garlic 10 g +++
Extract 100 mL + 0.1 M Glu 100 mL + ctirc orange 10 g +ttt
Extract 100 mL + 0.1 M Glu 100 mL + ginger 10 g ++
Extract 100 mL + 0.1 M Glu 100 mL + green tea 10 g 4t
Extract 100 mL + 0.1 M Glu 100 mL + leek 10 g ++++
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Gly 50 mL ++
+ 0.1 M Tau 50 mL
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Thr 50 mL ot
+ 01 M Tau 50 mL
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Ala 50 mL t
+ 0.1 M Tau 50 mL
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Gly 50 mL ot
+ 01 M Cys 50 mL
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Thr 50 mL ot
+ 01 M Cys 50 mL
Extract 100 mL + 0.1 M Glu 50 mL + 0.1 M Ala 50 mL —

+ 01 M Cys 50 mL

‘Gly; glucose, Rib; ribose, Fru; fructose, Thi; thiamine, Met; methionine,
Tau; taurine, Gly; glycine, Ala; alanine, Thr; threonine, Cys; cystine.
Symbols mean odor of intensity : + poor, +++ fair, +++++ excellent.
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Table 2. Good Flavor components by panel member of sugar-amino
acid-Mideodeok extract solutions after Maillard reaction at 160°C for 2.5 hr

. e Sensory
Reaction conditions
test

A Extract 100 mL + 0.1 M Glu 100 mL +4+++
B  Extract 100 mL + 0.1 M Rib 100 mL +4++++
C Extract 100 mL + 0.1 M Glu 100 mL + citric orange 10 g  +++++
D  Extract 100 mL + 0.1 M Glu 100 mL + green tea 10 g +++++

Extract 50 mL + 0.1 M Glu 50 mL + 0.1 M Gly 50 mL
444+

+ 01 M Cys 50 mL

‘Gly; glucose, Rib; ribose, Gly; glycine, Cys; cystine. Symbols mean odor
of intensity : + poor, +++ fair, +++++ excellent.

Flls: MOS00023 Date Runs 07-24-2006 Ttine Run: 10:39:56
Sample:

Lostrumests JEOL OCoote Tonization mode: EF+ panisany: 3539054

30000000
ﬂcL*_P\ Lhﬁl-l

. .t T 2000
Min. ' 2 @

Fig. 1. Total ion chromatography of volatile flavor from Mideodeok extract
and glucose solutions after Maillard reaction at 160°C for 2.5 hr.
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File: M0509024 Date Run: 07-24-2006 Thne Run: 11:52:26
Sample:
Yostrument: JEOL GComie Run By: &

Tolet: GO Tonization mode: EI+ Printed by %‘gg gggg
“K:38
1000000000
200000000-]
800000000
700000000
600000000

Fig. 2. Total ion chromatography of volatile flavor from Mideodeok extract
and ribose solutions after Maillard reaction at 160°C for 2.5 hr.

File: M0o509028 Date Run: 07-24-2006 Time Run: 14:00:39

Samplet
Instrument: JEOL GCOmal Rua By:
Intet: GC“ " Tonlzation mode: El+ mlt::! b;: ggﬁ%ﬁgg

4442
700000000,
630000000

480000000
420000000

[~
350000000
260000000
N 4
440000000 3
Scan s . 39‘00

1000 , 2000
Min. 2 '

38

S .

Fig. 3. Total ion chromatography of volatile flavor from Mideodeok extract,
glucose solutions and citric orange after Maillard reaction at 160C for 2.5 hr.
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Fite: Mostdz7 Date Rum: 07-24-2006 Time Run: 154311

Sample:
mn JEOL GCruate lonizstion mode: Ei+ Mﬁ:::;ﬂ g%ﬁgggg

4048

3500000004
2500000004

150000000,
100000000

.

Fig. 4. Total ion chromatography of volatile flavor from Mideodeok extract,
glucose solutions and green tea after Maillard reaction at 160°C for 2.5 hr.

gii: flﬁm Pate Run: 87.25-2006 Time Run: 99:47:02
e

p
Josr et JEOL GOmate Tonization mode; KT+ pricaby: SEADISH
330000000-
300000000
270000000-
240000000
210000000
180000000
150000000

m""ie"a’o"'éo"’a‘o

Fig. 5. Total ion chromatography of volatile flavor from Mideodeok extract,
glucose, glycine and cystine solutions after Maillard reaction at 160°C for 2.5 hr.
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Table 3. Whole volatile compounds from Mideodeok extract and glucose

solutions after Maillard reaction at 160C for 2.5 hr (unit: area %)
( rﬁlTn) Compounds name” A? B C D E
9.25 2-Furfural 013 020 044 0.04 0.05
10.37 1-(2-Furanyl)ethanone 004 005 - 003 -
12.52 5-Methylfurfural 312 3144 007 0.02 -
13.06 1-Octanol 0.09 006 002 012 -
14.06 2-Methoxy-6-methylpyrazine 0.08 008 001 004 -
14.25 1-Propenylcyclohexane 002 012 001 031 -
14.36 Benzeneacetaldehyde 0.03 015 004 042 0.02
14.40 (Z)-5-Octen-1-ol 131 012 - 133 020
14.52 2-Methyl-4-pentenal 008 023 - 021 -
14.55 5-Methyl-1-hexene 003 009 002 014 -
15.28 5-Methyl-2(3H)-furanone 213 251 002 397 020
15.36 2-Thiophenecarboxaldehyde 038 0.04 001 0.02 -
15.41 Octenal 1.03 293 202 108 0.03
15.56 2-Methoxy-3-ethylpyrazine 315 242 063 015 010
16.14 Nonanol 011 019 0.02 0.08 0.07
16.38 2-Formyl-5-methylthiophene 038 115 0.02 0.06 0.03
16.54 (E)-3,7-Dimethyl-1,3,6-octatriene - - 001 018 -
16.57 1-Butyl-1H-Pyrrole 010 012 044 028 -
17.24 2,6-Dimethyl-3-heptene 094 052 105 083 026
17.29 1,5-Dimethylcyclooctane 027 031 1.03 053 0.03
18.08 1-(3-Thienyl)ethanone 002 003 030 022 -
18.14 1,2,3,5-Tetramethylcyclohexane 016 019 010 025 -
18.25 5-Ethyl-4-methyl-2H-pyran-2-one 0.04 003 018 050 -
19.13 4,8-Dimethyl-1-nonanol 027 004 063 0.72 -
19.28 Butylcyclopentane 0.03 003 005 012 -
19.43 2,6-Dimethyl-1-heptene 005 003 004 029 0.02
19.59 1-Hexyl-3-methylcyclopentane - - 001 - 010
20.10 Cyclodecene 0.06 006 016 - -
20.39 3-Nonyne 026 015 013 069 014
20.50 2-Ethyl-1,1-dimethylcyclopentane 0.16 004 040 036 0.01
21.02 1,1,2,3-Tetrametnylcyclohexane 011 002 38 016 -
21.20 1-Cyclohexyl-1-butyne - 001 104 014 -
21.30 7-Methyl-3,4-octadiene 1.45 098 0.08 044 047

UThese compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
’The abbreviations were shown in Table 2.
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Table 3. (Continued)

(IEE‘[) Compounds name” A? B C D E
21.34 5-Methyl-3-octyne 1.03 098 011 041 065
21.48 Dihyrothienothiophene 192 204 044 218 -
2151 Octadecane 1.05 087 103 016 -
21.57 1-Ethyl-2-methylcyclododecane 151 108 112 044 045
2718 %,_Z),ll1,15-Tetramethyl—2—hexadecen- 017 011 013 028 -
2230 1,2-Benzisorhiazole-3(2H)-one 040 034 022 036 014
2,6-bis(1,1-dimethylethyl)-4-methyl-
2248 phenol 110 083 084 018 041
3,5,5-Trimethyl-4-(3-oxo-1-butenyl)-
2310 cyclohexen-1-one - 011 111 111 0.03
23.39 3-Methyl-2,6-dioxo-4-hexenoic acid 0.75 044 0.06 089 0.06
23.53 5-Methyl-1,3-benzenediol 0.70 040 041 058 0.05
24.04 5-Methyl-2-pyrazinylmethanol 0.05 016 013 039 015
24.35 1H-Pyrrole-2-carboxaldehyde 049 032 043 057 0.08

25.01 1-Methyl-4-(1-methylethyl)cyclohexene 035 022 042 033 -
25.13 (E)-2-Decen-1-ol - 003 018 192 -
25.38 4-Ethyl-5-methylthiazole 005 002 032 032 -
25.57 3-Methyl-2-ethyl-1-phenyl-1-butene 0.03 002 0.05 037 0.02
26.21 5-Acetyl-2,3-dihydro-1H-pyrrolizine 011 001 010 022 0.28

26.31 Cyclododecyne 0.07 002 0.04 019 0.02
26.40 7-Methyl-3,4-Octadiene 0.06 001 0.03 004 014
27.29 1,13-Tetradecadiene 030 025 - 039 -
2743 1,2-Propadienylcyclohexane 050 0.02 017 0.04 013
28.36 Tetradecanal 027 039 011 094 011
28.44 5-Methyl-2-(1-methylethyl)phenol 012 008 0.04 - -
29.15 6-Methyl-3-pyridinol acetate - 002 011 018 -
29.34 1-Furfuryl-2-formylpyrrole - 010 0.06 031 -
29.57 1,12-Tridecadiene 039 043 039 057 0.04
30.09 j}i&cgggy'&E;‘dmeth"xybenz' 023 020 019 016 0.06
30.34 4-(Propylthio)pyridine 0.06 008 015 4.68 015
31.04 1,13-Tetradecadiene 090 025 0.09 015 0.23
32.28 5,6,7,8-Tetrahydro-2-naphthalenamine 0.10 0.11 0.06 0.07 0.05
33.26 14,8-Dodecatriene 0.04 010 0.08 012 0.03

UThese compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).
YThe abbreviations were shown in Table 2.
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Table 3. (Continued)
RT

(min) Compounds name” A? B C D E

34.04 1-Hexadecene 0.03 0.05 008 012 0.01
3436 5-Formyl-N-methylindoloin 0.04 0.02 011 052 0.13
35.43 1-Hydroxy-9H-carbazole 0.58 041 040 0.02 0.03
36.06 2-Acetylthiazole 065 043 006 110 030
36.24 1-Butyl-4-methoxybenzene 007 0.04 0.04 031 011
37.29 1-Methoxy-4-(2-propenyl)benzene 0.05 010 0.03 0.09 003
37.46 3-(2-Furanyl)-2-phenyl-2-propenal - 008 007 007 -

3749 2-Methylene-3-methylbenzothiazoline - 0.04 004 011 -
38.52 4-Hydroxy-3-methoxybenzaldehyde  0.04 011 0.16 0.07 0.03
39.01 2,7-Dimethylbenzo[b]thiophene 009 012 012 063 0.01

3902 L2-Bezenedicarboxylic acid dibutyl 54 g3 5905 2013 138 281

ester
4042 2-Thienyl-3-thieny ketone - 009 004 017 004
4113 Tetradecanoic acid 1.71 112 2011 029 201
4218 Pentadecanoic acid 322 207 231 089 236
43.30 Hexadecanoic acid 339 204 213 022 545
4424 9-Hexadecenoic acid 1.77 169 184 110 3.85
44.35 1-Octadecene 241 192 104 375 513
4458 Heptadecanoic acid 239 214 213 6.69 5.64
46.19 9-Octadecenoic acid 553 376 388 376 3.79
46.42 Isomer 893 512 118 457 3.07
4811 Octadecanoic acid 224 133 1.09 624 841
48.28 Isomer 553 373 214 3031 4.27
49.09 (Z)-9-Octadecenoic acid 893 634 242 195 131
50.29 (Z,Z)-9,12-Octadecadienoic acid 112 103 283 1.72 240
51.03 Isomer 094 095 128 122 121
52.37 gzléﬁ'l}zy{'2';2(?}15'0“““3“‘6“0“ acid 541 375 176 354 2926

53.45 Isomer 4.00 331 1.06 349 9.79
DThese compounds were tentatively identified by MS Library data (Wiley
275 K. Hewlett-Packard Co., USA).

2The abbreviations were shown in Table 2.
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A5A vy

A&

%4 olfe WY B AARH Jelg MM RA AR FEEAL F
74 F GAVIA T Aty WstE it O A% S Hoksle ¥
ATEC] olFART WY A4S U 7] 43 AAH FEE F
L H/MERAE ©43 A3 peptidoglycan(Matuso and Miyazono, 1993),
Ulva(Satoh et al., 1987) ¥ Chlorella 5% & (Nakagawa, 1985) T #H7}7} F
AME], FE R 209 A AFEE F7HATIE R dEA den,
ZYzolA E#E triterpenoid 3§HEQl glycyrrhizin: YA e@lyole] A
3 AW AP FHAIE Aoz wnEAckang et al, 1992).

ALRF7 A BeS oFolu AlREA H AMEFE Tl Wb
% 9lom 2 (Shiau and Yu, 1999), H7}EL AL&sts ASojE HlEA|
B@ ne7) slolok Bk %, Fdo] S4aw P4 dAFel aFaE
av EF>o] FE3] 8 ALRC HHAIY AMES AARE OF 1 &S
2 w38 A] 23 4 Qdrti(Lee et al, 2000). o] ATt A H7A Y F
Foll detA 2388 F&8o] Yyegd $5 flon, a4 og AAFH Eof
e =UY &+ Avh et FAole 4R, FH L ALHE FIANZ
ES

of o ©
i o2 2

s
Ir

= A7AY BEe A R 2 /bEgel BE AH W 5
st BAFS ARSI & Aol

QAgge oAFY Aazy @ ASBET PY Anol Jom, met
A "AYFe Bl ojRe] AFBAL 45T & UTHGabriel et al,
2004). ols} 2& AREL AT BA] FAUE o Fel AARAE 2E4
25t A4EE WHE S An2A ERHoZ BAAH foh X A7
ANE PHYE 2} W RARE G 229 IAFL AR H7}
3 ol5e] ol WAl HAE YL AU

2]

AE B8

- g2 -



A3

Ao ALgE FAN Fol(Oncorhynchus mykiss)v 733 T 3 £
GG Aol F 600 g A= FFY 1000t E £ wol Z AP Fuig
10981 & 4838931, 2+ AFF+=  duplicate2 QT

A4

AR AES 20060d 59 295 E 69 27 837 =Y AU w |y
St o] REY 2 AE AP dXE £ 2 (Fig. 1)¢ 1 ton
FZ(Fig. 2)dl A4FFHEE FE3td HAPe 39t o] W FF2L 1,000
L/hr(243]/Q4)7t HEE oy, £& M4%L 7 ppm AFZFL, A AL
71 & 14:1T BAAE Ho] Folv dA¥ol AF9 3%d sIFHE
Fg 3% 238, F 7Y Fol FATH

A A =

AFRZEALS Table 1, 26) eI vl 2o] o}RE W 4 wAolRS
AEART, A YRS TNE QAL ASIHYT HEtHd 2oA A
2o AN Bolse AR AAE ARSI, SRAold] vy 23
NoZRE AR FZY(Brix 10.0)& 0%, 5%, 10%, 15%, 20% =2 4] A=z
FQT. Az APAlRE 2% Bz ud TPstd A4 2As 20T
o WAmol HBsEA Aol ALk

RSP E 4

FAA Fole vt E A &3 me 2R njRgue g 5
o] H7td 1318 WFEAAHA7E o83 5 mL A #3}(Fig. 3) wleoj=
EFHA 1 mLE Y3, 3vlEaEXHY) ¥ SEZ2HFH)E ZH3}
A, YA Y2 microcentrifuge2 4T, 3,000 rpmol| A 1583 A&
sto dFS 29 H SuE g3 ARENS dAsAt Hte
microhematocrit 0.2 ZA3 ¢ 3, HbE H£3F FGW(TP), LHvI(ALB),
¢z 2] 4 X2 EA(ALP), FA4A(TG), FZ 828 &(TCHO), EZ2olug
A9 AST(GOT) @ ALT(GPT), £=FGLU)E 117} 43R EAde
FEA Aslg EAAX9l FUJI DPI-CHEM 3000(Fuji photo film Co.,
Tokyo, Japan)g ©]&34t}.
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Table 1. Composition of the experimental basal diets

Ingredient Percentage
White fish meal 68
Alpha-starch 12
Flour 10
Soybean meal 4
Yeast 1
Vitamin mix" 2
Mineral mix" 1
Feed oil 2
Total 100

'Vitamin and mineral mixture were commercially available for fish.

Table 2. Level of each extract concentrates in the experimental diets for

rainbow trout(Oncorhynchus mykiss)

Extract .

) Diets(100 g)
concentration
0% BD + Water 225 L
5% BD + Water 2138 L + Extracts 0.112 L
10% BD + Water 2.026 L + Extracts 0.224 L
15% BD + Water 1.914 L + Extracts 0.336 L
20% BD + Water 1.802 L + Extracts 0.448 L
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Table 3. Changes in hematological factors of rainbow trout (Oncorhynchus

mykiss) fed the experimental diets for 8 week

Dietary treatment

Week
Control 5% 10% 15% 20%
Hb 0 10.1£0.6
(2/100 mL) 4  108:03  11.2¢+05 10.7+03 105:04 107+04
g 8  101+04  108+03 10304 10.7+05  11.0:05
H 0  31.3+29
t
%) 4 413312 407406  427+07  407+04  39.7+04
o 8 413206  423+07 41305 421+09  403+04
ALB 0 11401
100 L 4 1.4+0.1 15402  15:05  14+04  1.4+03
& ) 8 13403 17+0.3 1502  15:04  1.6:03
N 0 297440
/100 ml) 7574115  62.7+11.0 700470 787493  767+12.0
(mg 8 717154 81.0+298 833+19.6 90.0+19.9 103.3+215
cor 0 28514549
Unit/L 4 3414764 3568198 374.1+283 32461636 39581297
( ) 8 30634849 4192269 421.6+438 3575277 3315+43.1
- 0 153423
Unit/L 4 153435  157+31  187+59 20354  193+21
( ) 8  153+23 210426 17566 163+51 16362
T.BIL 0 0.2+0.0
mg/100 m1) 0.3+0.0 03+0.1 05¢02  05:¢02 03401
8 8 0.4+0.1 05+0.2 03401 03401 03+0.1
14254163

TG
(mg/100 mL)

@ = O

225.6+10.6 202.7+21.2 214.5+19.2 2063+12.7 236.7+22.5
25414509 265.6+31.1 275.5+20.6 252.4+24.7 278.3+29.8

Hb; hemoblobin, Ht; hematocrit, ALB; albumin, GLU; glucose, GOT; glutamate

oxaloacetate

transaminase, GPT;

total-bibilubin, TG; triglyceride.

glutamate
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227 £ ¥xe YEW|(ALB, 1.3~1.7 g/100 mL), FF32(GLU,
62.7~103.3 g/100 mL), GPT(15.3~21.0 Unit/L), %] F¥|(T-BIL, 0.2~0.5
mg/100 mL)9] FEE AME7|ZE B¢ AAAQA 77 YEE £X¢ Bl
g e rgon, GOT e 712X ¢l 8~33 Unit/LS Hloju} 285.1~421.6
Unit/L2 A/dole] X0 Hlsld 953 w2 S HYAth Choi et al
(2002)2] ATl g3t FE, #FAE, A4 505 22U ¥ ¥3F
ArAT} GOT gko] 324~768.5 Unit/LZ A Jebgcha stdch 28y GPT
&S A FAQ 4~36 Unit/L S ol o] 2+ Aol dE ofd Aoz
BoE. ole AEA dHFAE AMEEE S sado]dA F2 R HE
53 FAolEa st B Ade ddete Aot v ReE gAZI
o] 9] dux|de] e FAAUNTG, 142.5~278.3 mg/100 mL)¢] 3teke A Y
AZ A 1425 mg/1000 mLAlA 4F F 202.7~236.7 mg/100 mL, 8% ¥
252.4~278.3 mg/100 mL2 Z7}8te Ao 2 Vel AAgd mE duA A&
H e F718te B4HA AARAFH7E o] Fold AL g ARG,

¥4 A7 A4 € FAMAH AHFHY JTHFE A% AGHEAA
2 ) AR 2 Z4F HIMAESY AT Wi B A7) o] Fo
ZtH(Nakagawa et al, 1981; Kim et al, 1998). Alg9d] d|ZF< H/IE o F
9] AYr|EH AREE S PIAITE Rux: §lov(Satoh et al, 1987;
Lee et al, 1998), o]¥ A} nFyo] 7] HIMTAA dH AEES &9
T FA Hojo AR AAXTE Aoz HudPrHPark et al, 2003).
o|9} e AFE HYHAS Zom HAAC] Ue AIAES A8 H/HAE
MEFo R FojFlo] Ha e AFHA o3 & FH3I] 9
gk ete] U AFEHI Aok wEA vgY JbEA HEAE A9 24
ES WIdAtEC 20%71A] Hrlsltete olRA4E E 84 dF& "AA

2e Aoz eyt

ko
1o

U Yo 28E FE3 AAE HIE ARV FANEA PAE 9T
S ZA s AlZE AlsE @A 48% © XA 20%E F-Fa9a, o)
o AA FZ FEEE 47 5~20%% H7Ielo 837 AMSsiHTh RS
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W, AvlEagEd), 939, 2R, F WATY, FHAT L T
Aeua EdxAt 2 A4 RS Bl FAAFole AR
249 A4S Bstar. daTs uaste W 598 uge 9o
g 2FEY S4% Edscluudolde ¥ W wuivh IH02 WY
AT Qe PYY £2 $FAL AR BHIZ ASE FE AE Ao Y
Ehskeh
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A6 d vty 245 FEF 7IsdrE AL

A E
FAES AFYYTE SU8Y ol 4FEAZ 2 49 FUNE

A FRET AFAA FANEL 5D 7Y e Yol QA A

o ARBE 2T /15e FRA Pk oirld) 2

A AZAF F3, Ay, 998 S 22

o] olzelx3 ok

71548 FAES A7) g JIsAANE Y AdHAL Al Hboh
7Fedt 7154 4 BERAS 3 olE AAFHOE Hubste Aoyt & & AU
. 7154 AR HUMEAS AFEAHVIEY AN fE5oE s 2949
Tz 9 ARG HE, T, VAE 5 AERY ER 35 594 2
o] FAEZREH FAF EHol Utk 7T A AR Yo JleA FAE
o] AiEE AL vt o g FEO AA AEEF ol Wl 9
st AR}A o2 vevte A7 Bk ol AHEFTY AN H
Addd g FaFA 71eL W Fa4 9ES FPsoh FHHd o3
o A¥ete 7leg 7Y FAYo] e EAEE Av4, FE&4E, =
F2EIA Fol] Utk =S WY FHAS EFHOT & EE ATHI e
AtE H7MEERE ofvli4l, HEtolE, HIER], FEF, AW 54 TuEo]
U gsE 5 ouls ggeith H2ele EFAGY dAds 2y AL
S AFete g EFE0] A MEET UTHOL, 2004).

GojAlg o] FFA|(Kim et al, 1998), #}2(Kim and Choi, 1996), 7|4},
A4, 2uRt T HEA YA IFFEE(Kwon et al, 1999), 7| EAHE
2 1 (Kim et al, 2005), 7Z+&U¢&Y(Song et al, 2002), WA (Song et
al., 2003) F AlEE & 4T olf9 {UAZHY 7HE JMeAel v F
AEol ATHUT. Fol, Fol, A+ R 7HA T A& A LdEAI=
astaxanthin®] 7} ¥ (Chien and Jeng, 1992; Okada et al., 1994), 3}4+3}3
A 2% (Winston et al., 2004) $o] o]®o|H 1, @4 0427 ¢ spirulina®]
715 g AFx o]Fo]FH tHRichmond, 1998). oo £ @AFoxe v
oY F&5 58 994 SHAEZAES 9 Algd dAF Frtetn AMS
& & o FHE ALY B4 HadTo did HEA Alde 53

o
2

- 100 -



o 1 moE ARSRA Sk

Ag R U

Ago] 2 A5 %

AYo] Alg" =9 B2 (Sebastes schlegeli)-S F)THE oA Eokulol AH
T2 25U AFAIRE FFEIHEA AFEAH FHSAHG HIEAFT
150 g A% o] 2005}e)F EBATA 2D 1 ton S2(Fig. 1)) YT
HE 40mtE 83t AP E gAY o] W F4FS 1,000 L/hr(243]/
)7t HEE slgon, && AAFHLS 7 ppm IAEHL, A ALS 77T
S 22426TC HARG. 43 A e AEAFH oo FH HAY HAAZ
& MS222(tricaine methane sulfonate, Sigma, USA) 100 ppm¢i v}FA|A 2zt
AAFzd 88 4o AA FAE AL AAEE 19 23(10:00,
17:00, = 747t FF) €22 AFY 3% 3t g FI3ATH

AR A=

Ald 295 JAEE AHRSIRR WAL viHY 59027
HolA ¥ (Brix 10.0)L 0%, 3%, 6%, 9%, 15%2 o] Azgch A=
3 APARE &% 992 ud At AL FRAsk 20Te Yz
B@stax Ao AHEs A

Aurgirel 24

AOAC(1990)e] whe} $8& F¢7tdaA=zY, ZAWL Bligh & Dyer &
Ay, 2994 Kieldahl 334, J¥L 550CM A43spgos 233
Ak

T A4l 323 APz 4

Bligh and Dyer?| W#(1959)°] mat ¥ AAES F233 AOCSH(1990)
o ute} 3% methylesterst A171 o5 GC #4248 A|5E XA o
£ capillary column (Omegawax-320, 30 mx0.25 mm id. Supelco Ltd.)o]
2" GC(Shimadzu GC-17A, Kyoto, Japan)24 EAsl4tt. olw GC9

B4 ze Table 13 2x, 2 74 APde BHe FEER wRE
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A|ZHRT)9] Bl 2 equivalent chain length(1995)ql 2|3l =43} th

Az g a3
AvtAg#-o] Wi

- Atgel HUHE F2EY ¥ we FEFFY Aolg Ho dzxTe
104%, AE-3(3ZE 3%)7E 11.8%, AE-6(FZE 6%)7& 13.7%, AE9(FZ
E 9%)TE 159%, AE-15(FZE 15%)7& 20.0%thTable 1). Aizo=a
gl g FEFFo] Fr] mE} gaste 36.0~466%2 UENGO
o, A 9@ 3E9 FFEL A HIEdd 9% 2 13% AFEZ el A
82 Fo YRS AurEQ AFALEY HY W Yo FHAZ AoE o
AR h(Lee et al, 2000; Kim et al., 2003). A} 45 F o] o] 8o FR3Fe
77.1~812%, @A FFe 158~18.6% Ao, HIME 15%79 b X AFF
£ 20.1~21.8%9 HBIE 259%F ¥ #E& BIY. ALS 8F F SR §
Fole WFo] fRen, §F9 AFYFRE 459 v S BYd
AAZZEL 9% L 15% H7rFAA Zzt 254% 2 281% 2 UEth o
n-3HUFA FolA xuEge & 2 kX2 %S ZAG dxe}l ulus)
B o $X3L& A9 Hixd goldont, 1HAAL M ARl XS H
37% Brte @ s RSy, dExTY 20% Roe Eof ¥voY F&9
A7l g A A FHE 2Ase Ao 2 HQlth(Lee et al, 2000).

Zy B JFx

Algole] A3 E Hetslr] fste 2ol dRE AZFFS S 4
7} Table 1] Vel A} o] 16.9%2 AtEFFo] &3t R3gd 3o
2 JAAY. o & FEFFL 785%, @A L 185%, AFL 21%Hch
A= Table 20 JeRAT. HIMESY F=71 6%71Aw A Fo] F71
izt 9% ol FdAME AAMHANLH, ALRESEE ol¢F FARE BFo=m I
e 6% 7R = oF 50%F Z71EFE oL, 9~15%0 A= 43.9~403% 2 wtth
2 U FFEASE 2T 26 2 839 HFHME Hr/FET7) 33~36 2
10.7~1142 <7t & & Bgoen, 15% A7/MTFe 242 46 2 13602
tizTel vlsle 16w o] FL e EAYth 8F F A A §go] Fr1s)
Jl(Table 1), 2t 2 WF FFAF7E S7lske A2 RBol 3+ A At
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A3 o] FolAA] gL Ao HAYTh e EFHE AHol FM EF
¥ Ad& lipoproteind] 93] WE F AZzH o ZHFHAY dquRde

2 o|-8-" ) Fukuzawa et al.(1971)& SAFE2] 7to] A Ao] H|ZAZH o=
=4 53" AL lipoprotein®] Aol A3|HE Ao Hee Fa o,
Rogie and Skinner(1985)= FX|7§4:) 2] lipoprotein {Ado] 7loA] o] o]
At Bagk Ao g u|FolE o ZFM X9 dlARFolE lipoproteine] A
ol AsH] 2+ ® o AAo] o] &HA R3lu FAHHE AoZ AR

AL x40 W)

ofF % HHY FEEF HI/MAIRY AWt A4S Table 39 el
ARALE T Av AN 249 WE H¥(Table 3) £ 3¢
C18'1n-93’+ C16:05 247} 21.8% 2 17.2%Q 1, EPA 35S 75%, DHA 3}

L 208%% %9 o] A Jehgdtl 79 AS C18:1n97 Cl6:0: 2t
er 271% 2 16.2% Y1, EPA 32 6.0%, DHA 33+ 144% 2 OF7F e
A% Bt 23y n3HUFA 3-& 9] 33.7%, 740l 264% 2 S|4 9]
ol & Aoz vehg A F n3HUFAZ 33EH A

Alg 9] Fd X3 AAS Cl6:02. 2 18.8~20.8%, Ri=dte C18:1n92
2 182~203%, trlE ¥ 3AHE C20:5n-30] 4.9~55%, C22:6n-3- 10.0~105%
olAT. o5l FFE Ci82n-69 FFe 23%2 WL FFo|AoY, AR
A 2L 15.0~157% 2 A& FAY HbFol 28 Aoz AgAAL.
A7V e AR Y E3Fe 291~295%, RIS 31.7~334%, thrtE X3}
A2 371~392%2 H7FFE Z Aole AT

FE2E FEHE 4T ALSE Z.L]E%,] S37} 7he] Awrak zAe] w3}
£ Table 49 Ve 23ahe 83 719 H]-go] vHlfLsigon, 2xd
Abe Zhl M9 FEko) 42.1~50.8%i 59 31.0~39.7Ht & IS HAI,
O7bE xSt e So] e nsly & e BYY 1gx ozt
NXe AEEZIILS Fo] 37.7%, 1+ 244% 2 ThE Fol vt W,
A7 =7t 2oHEAFE S A Y trtEREEA 2 v
THAE-9; 34.9%:335%, AE-15; 344%:323%). 3 W4 zv2g x)ole 7<%,
AAE ester Fejo A HAS Al %7} Aol A EPAS} DHAS} e
n-3HUFA Q7 #0] 09~1.0%2 Hi=x Yil(Lee et al, 1994), FFAZ
130 g A9 zuEge] n3HUFA &7 0.6~O.9% AEZ FAH=HY, =
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&g xolitie 1 Qo] wolxe AL Belttil dth(Lee et al,
2000). o] 71£S F1E shH B Ao FF¥E n3HUFA T2 FEI A
o7 BasHd

F2E FEU 857 ASE =BT S 7] AW 249 ws
£ Table 59 Vehdel Algo] 38 Cl18:1In99 &L & wio =y
B § € 7o) FAHE FFol AMSTINY Frte] wet HA moipth
Sz A9 2718 21.8%0A 43 T 203%, 183 8F FoE 381%=
ZolF 3, FAAE 271%NA 4F T 334%, 8% F 226% % AuUHoZ ok
L #e BEYth wEix] Zxdake §F gl G743 ol obgd
DHA #3e 59~96%2 373 YolF i, n3HUFA 3% %7] 33.7%0l A
43 F 286%, 857 T 140%= olxch v 7 F9 F{Fe 8F ¥
244~283%2 4FF 9] 243~256%% W3 FFE HYtE 2o THHU
T 29 2 sl Fele n3HUFAZE & =] o sfite]f{9
FAHEE 25T £ JoBzZ 71 Wol AMEHE offoltk(Lee et al,
1994). A gt ol F9 n-3HUFAE 4stsr] 41, vleyl E 973, 3A
4 & nEsty HutEE AAs o sta, AR 9 n3HUFA o] oA
FT ol FHEHYE ANAFFA JFS B ge Ao g P o} A
FA7HE HZAE & e WHS Ao & zlolth

f.oF

Atgd H7bE FEEY ol o FEFFY Aol Ho dizTe
104%, AE-3(3&E 3%)7E 11.8%, AE-6(FZE 6%)TE 13.7%, AE9(FZ
E 9%)7E 159%, AE15(F2E 15%)7FE 200%tHTable 1). FojFoz
S g FEFZo] Sl we} Haste] 36.0~46.6% 2 WUERS
o, A1d g 3Ee FFe A Hikdte 9% B 13% FFE Vel A
5 FY FIAEL gutAQd APArE ] HE o Ao AT Aoz o
ARG H7Hed FE7F 6%7HA = ATl FIHstest 9% ol e A
Hon, AARAEE o9 FAHE BAFLE HIIE 6% HAE oF S0%E F
7FEtR 2, 9~15%A A= 43.9~403% 2 Bt 2 2 R FFAFE Y=
T 26 2 830 v NE J7METIF 33~3.6 € 10.7~1142 of7t & %S
Byen, 15% HA7/lte Zzt 46 2 13602 thzTo) Hske 16w o4
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=L 7S 29t $9 A4S Cl181n93 Cl6:0: z1zh 21.8% 2 17.2% ¥,
EPA 3§82 75%, DHA 3e 208% 2 %9 ggko] =4 Jehdt}. 719
ZA$ C181n93 Cl6:0= zHz; 27.1% 2 162% 1, EPA 32 6.0%, DHA
g 144%=2 4 3 AFS Bt 18y n3HUFA 332 9
33.7%, Ztol 264%=2 Folxe] o] FL ALFE Ut HYZF
n-3HUFA7} Z35HAY. Al59 8 ¥3AUEe Cl6:00.2 18.8~20.8%,
B Cl81n-90.2 182~20.3%, Th/MEE3IALE C20:5n-3¢] 4.9~5.5%,
C22:6n-32 10.0~10.5%°] At} o] Kol 3Hf-E Cl8:2n-69] FHFL 23%E e
ol oy, AtEe A 2AL 15.0~157%2 AEA FA9Y Hrlgko
=& ALE AAZY. HrbEEE AR Y EIHEE 291~295%, RS
31.7~334%, TH}E X AL 37.1~392% 2 HA77+E & zfole ok
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Table 1. Proximate compositions of experimental diets and fish tissues

Proximate cornposition(%)l)

Crude

Crude

Moisture protein lipid Ash
0 week
Experimental diets?
Control 10.4+0.1 46.6+0.2 8.9+0.3 13.1+£0.2
AE-3(3%) 11.8+£0.2 44.3+1.0 9.2+0.1 13.5£0.2
AE-6(6%) 13.7£0.1 42.7+04 9.4+0.3 13.4+0.1
AE-9(9%) 15.9+0.6 40.5+0.4 9.8+0.2 13.2+0.4
AE-15(15%) 20.0+0.2 36.0£0.3 8.9+04 13.4+0.2
Fish tissues
Muscle 78.5+0.2 17.5+0.8 2101 1.4+0.2
Liver 16.9+0.7
4 week
Fish tissues
Control Muscle 77.1+£0.1 16.1+0.2 25401 1.2+0.1
Liver 20.6£0.5
AE3 Muscle 79.0+0.2 18.6+0.7 1.6+£0.3 1.2+0.1
Liver 21.8+0.6
AE-6 Muscle 77.8+0.2 17.440.6 231401 1.2+0.1
Liver 20.2+0.2
AE.9 Muscle 81.2+0.2 16.0+0.2 2.240.2 1.0+0.1
Liver 20.1+0.8
AE-15 Muscle 80.3+0.4 15.8+0.2 2.2+0.3 1.1£0.1
Liver 25.9+0.7
8 week
Fish tissues
Control Muscle 78.7+0.2 16.3+0.3 29401 1.5+0.1
Liver 20.0+0.7
AES3 Muscle 76.3+0.1 20.7+0.5 3.3+0.3 1.4+0.1
Liver 229104
AES6 Muscle 76.610.2 223404 2.8+0.1 1.4+0.1
Liver 22.7+04
AE-9 Muscle 75.9+0.2 19.8+0.9 24402 1.3+0.1
Liver 25.4+0.6
AE-15 Muscle 76.0:0.1 21.5+0.8 2.1+£0.3 1.3+0.1
Liver 26.1+0.4

DResults are mean valuestSD of three replicates.

2AE; ascidian extract concentrates (Brix 10.0).
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Table 2. Effect of dietary extract incorporation levels on body weight, feed
efficiency, hepatosomatic index and viscerosomatic index of rockfish fed

during 8 week

Dietary treatment”

Control AE-3 AE-6 AE-9 AE-15

Initial mean body weight (g) 1390 1388 1340 1344 1361

Final mean body weight (g) 184.6 198.1 192.7 182.6 180.4
Feed efficiency (%)” 412 49.9 50.8 43.9 403
HsP 2.6x0.2 3.6x05 33+0.4 35406 4.6:0.3
vs1? 83114 114408 10.7+0.9 11.3+1.0 13.6:0.7

YResults are mean values+SD (n=3 except for HSI and VSI where n=30).
YFish weight gain x 100/feed intake (dry matter).

YHSI=100 x (liver weight/body weight).

“VSI=100 x (viscera weight/body weight).
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Table 3. Fatty acids composition in diets and muscle, liver of rock fish

Dietary treatment

AE-3

Fish

Fatty acids

AE-9 AE-15

AE-6

L Control

M

29.1 29.3 294 29.5 295
31.7 324 32.7 33.2 33.4
39.2 38.3 37.9 37.3 371
225 22.7 238 22.3 22.2

21.8
45.7
32.5
264

24.5
37.3
38.2
33.7

Sat

Mono
Poly
n-3HUFA

M; muscle, L; liver, HUFA; Highly unsaturated fatty acid(above 20 carbon fatty

acid).
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Table 4. Fatty acids composition in muscle and liver of rock fish fed

graded dietary levels of ascidian extracts during 4 week

Dietary treatment

Control AE-3 AE-6 AE-9 AE-15

Fatty acids

.................................

16:2n-4
20:1n-11
20:1n-9
20:In-7
20:2n-6
20:4n-6
20:3n-3
20:4n-3
20:5n-3
22:0
22:1n-9
22:1n-7
21:5n-3
22:4n-6
22:5n-6
22:4n-3
22:5n-3
22:6n-3

17:0
16:4n-1

14:0

15:0

16:0

16:1n-7
Is017:0
16:3n-4
16:3n-1
18:0

18:1n-9
18:1n-7
18:1n-5
18:2n-6
18:2n4
18:3n-6
18:3n4
18:3n-3
18:4n-3
20:0

248 275 238 293 222 270 230 259 256
328 433 310 502 381 435 397 421
39.7 329 397 276 349 335 344 323
141 338 256 333 170 270 243 279 246

358 508
377 244

26.6
28.6

frura

Mono
M; muscle, L; liver, HUFA; Highly unsaturated fatty acid(above 20 carbon fatty
acid).

Sat
Pol
n-3
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Dietary treatment
AE-6 AE-9 AE-15

AE-3

Control

Table 5. Fatty acids composition in muscle and liver of rock fish fed

graded dietary levels of ascidian extracts during 8 week

Fatty acids

Nt n AN ANNOANNOAOANN-HINOONO MmN Hmemn Y

N NSO OO oo O NS HOONCSHOCOO SO~

i
38T T 239378702 3332202 2UTLITYT
OﬂﬂﬂlﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂﬂﬁﬁﬁﬂuﬂﬂﬂﬂﬂAﬂAﬁﬂﬂﬂﬁAﬁAﬁﬁ
e S el e e NN AN NN NN AN N AN ANANANAN

26.6
38.1
35.2
25.5

33.3
37.5
292
18.6

28.1
35.6
36.3
28.3

249
46.7
284
17.8

279
36.3
35.8
271

271
49.0
239
139
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26.3
38.4
352
25.6

27.6
39.0
33.3
244

214
55.2
234
14.0

M; muscle, L; liver, HUFA; Highly unsaturated fatty acid(above 20 carbon fatty

Mono
n—SIXIUFA
acid).

Sat
Pol



A 7 A weyY S $E dd EEY £ 2 A

A&

u| e Y (Styela Clava)ye 573 x5 vtigae] AMFEZA RRFo] b
&9 Qe o9 vk ‘B At g9’olgle uE 7HAH, JI9
HHFY gz T BF)A EFIE 5T RHES HFHs o dolrle HEY
dFolt. FHolE 5~10cmPEE FL 7I=td &5 Zgoln &r1g vt
gt ZdA Fole AF7 B, AR olHiE2 uigle] o] A=
AgEA e FEOY. dFFH FF5To EF F9 4F B oy, dF
Fe wiFoz g7t Folla EFFL IES FIULE o]AARA AHF
A FAol AFWaA Al7ld S f{F FAFAME H HEZ HFE OF
HE 7EA7E ARAE A EolUe Y, & AAS ARl Ao P EE
F AN Bl z3E vigy &R FH JA) dA 55T e
o, $EUFAME AZREH d] dA AAREEA Bo] ALE-Ho| sttt

a2y, GA FAol AFHUAMREE 22 RF9 rgye JAx st
StA =1, olAZAA] FHUA ZPY w|tyFy QubFole] d2o] MEL
G4 ddez Asgk dojolA 2] FA HAG FA Ve AR vy
go] Aike svitt FF58e] 200339 2,047E0] A Ao, i
n2e FAE HFee] o, nHYe et A B OE 7HE £
TEY AEHAY 83 E ¥E B Jlee E9eE AMdE vgYge
BasHA 7 2ol 483t Hol dF viugs 98 5 UA HA

ngyg$ A§o2 3t vEe fEye BogEA od #HG AT
AL ol B 4 glom, 289 FHAA 7HFH oY HuFEY AT F
=7} mAolth(Lee et. al, 1975). webx, A Frlo] @& A2 & o &
WPoly 7l Jide] 87 HI e, 53], ¥t 7HAE L V158 EE
o] galoli} Ak o] 2 AMdslAlYIE "eAol 2FHE AR W,
vtiga v]d YAAE halocyamineelgtil 3t borong -3t
peptiderA| 8] &4 EFEC] F&, FAE vt Jo¥(Kaoru et. al, 1990),
a9 FFY UFERRE FdA EFo] RuHYHCrispino et. al,
1994).

uetA, 2 dFdMe vHgesiy Nae Jied =de A FE

"
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3l olg3ly AEsigen, 1 & FFAHL NAE EAL FE3o 4E
Z4YEs 53t 28, FAILeH, S 2T & MY HES NMR, MS
g B3l TZE g3ty

As 2 Iy

A=

B Ay AMgH oY (Styela clava)e FFA] AT FAFolAM S
meY 45 kg& T3t AAE YA whaSled polyethylene 7)o Yo
WERFA gt 53 AP AMRSATH

a4 53

gad Aol AR o e BT DR (Bacillus  Subtilis)y S
Nutrient Brothol| A Z#3&a Edr7} 10° CFU/mL 552 343 F u|
) 1 mLE Plate Count Agar(PCA)dll HEF3td &4 EUE Y ALY
t}. Lorian(1991) S ZN&ste] 2+ &v &8 EA4L& 74 & EA A
8 89S dAF FHslo] paper disk(F 74 0.8 cm)d] FHAD oL, o] A
ZAA nxd vlgFYE go] 237 PCA petri disholl F-2A171 3 30T oA
24X vt A5 AXYY] Y FF € ZVE A% S F
915} ATHFig. 1, 2).

Al R Plate Count Agar(15 mL)

|

Paper disk(08 cm id) Bacillus Subtilis ¥Wjoke} 1 mL ¥ 7}

A oz

|

30°C, 24|12t miFate] A% ALY 27 53

Fig. 1. Antibacterial activity evaluation method by paper disk.
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20 cm), T+/F ODS column(2 cm, id. x 18 cm, Fuji Gel, MeOH, 2 mL/min)
o2 &3 AAsGgen, HFEZHOZ Develosii ODS-7 column(Nomura
Chemical Co., Japan, 1 cm, id. x 25 cm)olj A gHFAlo] A& EHE B3}
A H(Fig. 3).

Al =
Acetone F&
S =}
5 =3

80% MeOH, Hexane, CHCl;,
BuOH, Water= H-uj

ol 7|14 Alumina Column

1% NH,OH-MeOH(1:1)
TREME &5

Silica Column

T4} ODS Column
50% MeOH
Develosil ODS-7 Column

50% MeOHZ &

Fig. 3. Extraction, separation and purification of antibacterial substances.
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a3 9 uF
iy 484 2 &

vlgge] opdE FEEE Fig. 49 uEhd HieE o] Hexane,
Chloroform, BuOH, 84 f#oz Fy3te], FIF ¥ 1/10000 F=
2 a4 A% A3, Chloroform & A 1.5 cme] A-8-A X Qo] e}
o}, U A Hexane, BuOH, 484 FEAME dF8Ao] Jehyx &
g

N

vt Y24 kg)

v, A3}
3yl ko] acetoneo & 23] F&
| SERE }
Hexane(29.1g) 80% MeOH
Chloroform(2.7 g) 40% MeOH

BuOH(4 g) Water(73.91 g)

Fig. 4. Liquid-liquid partition of antibacterial substances from Mideodeok.

FdEZY Z4d azvEaYyd 9% £3 2 84

3 AS JUelbd Chloroform3 #-& HA d7]|4 Alumina columndA] £
9] CHClL-MeOH(1:1) &vist 4k EAL Bdr] $sld 1% NHOH-
MeOH(1:1) &Eg&viz 8&F38o JdA4eS =AY A, 1% NHOH-
MeOH(1:1) E3H&ujolA EF3F <ol 1/10,0008] FxolA 12 cme] A&
AAEol FAHAJT. o JEL A FF8h] ©Al Silica column/gel A
chloroform-MeOH #A]¢] CHCl;, CHCl:-MeOH(95:5), CHCls-MeOH(9:1),
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CHCI3-MeOH(7:3), CHCI>-MeOH(1:1) & MeOHZ £x}3o.2 §-&3ld £
3 okl 1/20009 E52 FTFAHL ZAMG A3 CHClL-MeOH(9:1),
CHCI-MeOH(7:3)ol A Ztz} 1 cm, 2.5 cm@] S A Aol Vel
AL ygd T RS FA FA ODS columnor 50% MeOH, 75%
MeOH, 85% MeOH, MeOHE stepwise &&A|A FFAL FAsIY, 50%
MeOH Al 2.3 cm, 75% MeOHol A 1.3 cm, 85% MeOH A 1.2 cme] A5
A Qo] Lrebsth(Fig. 5)

o] & FA4ol 71 73 50% MeOH HEL& thA] T4 ODS columne] A
30% MeOH, 50% MeOH, 80% MeOH=Z &Z3lgon], B33 zt L9
1/200090 A &H#A-S ZASH A3, 50% MeOH EEoA 15 cme] A8 A
Aol Vegen, ZAE 1 g o8tz At mEkA, 50% MeOH ¥
¥ 1/10 #& packed column 1 ¥ 3H-& Develosil ODS-7 columnoljA] 254
nmol| A monitoring 3}HA 60% MeOHE $vlZ 2 mL ¥ EH3 I UV
¥4 peak’t UEIUYA] & W74 EHE A& F 2409 JES A
on, Z} FEER FAAS ZABIY £ A, 11~14H 79 peakol A T
o] UEltthFig. 6). mWetx, UmA] Al disldE Fdg e
azrEagd g vHEste A A AT

te] 247) B F FJFAJE 11~141 FEL FJA Develosil ODS-7
columno| A 65% = 60% MeOHE £vllZ A3 peak 1, 2, 3 0.2 &3
3t ©o] ¥ F peak? 2¥H& ¥ %3l thA] Develosil ODS-7 columndi]
A 60% MeOH=z ztzte] &3FAS 7tAE peak 2(2189 mg), peak 3(36.5
mg) & E2lTHFig. 6).

50% MeOHo| A] 23 peak no. 2 A4 EAY FX J4

- FAB MSE4}e) 9%t #A&ge] 4

Positive modedl4] FA3F FAB MS spectrumdA= m/z 2959
[M+Na}+ o]2o] #AZEHA3 m/z 311 mass unitd]] [M+K]+ o]& peak’} &
Z5o] A EF peak no. 2= A 272¢1 EAZ FAHHJOH, ¥
s MSAdAHE m/z 295.0960 mass unit7} #Z5 o] sodium sulfate”]
(-OSOsNa)E 7}A = CuHzuSOsNa®] EA}124E 713 Aoz FA I HFig.
7). &4, peak 39| 7¢-X% peak 29 TLE #4S UElo FY EZE F
A = At
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=L

CHCI5(2.7g)
Alumina column
(Aluminoxide 90, Merck)
(3 cm, id. x 17 cm)

|

1% NH4OH - MeOH(1:1) CHCl3-MeOH(1:1)

Silicic acid column
(Kiegel gel 60, Merck)
(2 cm, id. x 20 cm)

| | | |

CHCl3 CHCl3-MeOH(95:5) CHClI;-MeOH(9:1) CHCl:-MeOH(7:3)
MeOH

ODS Q-3 column
2cm, id. x 18cm
84 MeOH 2ml/min

CHCl:-MeOH(1:1)

50% MeOH(1.9g) 75% MeOH(349mg) 85%MeOH(27.4mg)

|

100% MeOH

Fig. 5. Isolation procedures of antibacterial substances from chloroform fraction by column chromatography.



50% MeOH

T4} ODS Column
2 cm, id. x 18 cm
2 mL/min

30% MeOH 50% MeOH(0.95 g) 80% MeOH

Develosil ODS - 7 Column
(1 cm, id. x 25 cm)
60% MeOH, 1 mL/min, UV:215 nm

Peak no. 1 - 10 Peak no. 11-14(521.1 mg) Peak no. 14-24

Develosil ODS - 7 Column
(1 cm, id. x 25 cm)
65% MeOH, 1 mL/min, UV:215 nm

Peak no. 1 Peak no. 2(300.8mg) Peak no. 3

Develosil ODS - 7 Column
(1 cm, id.x 25 cm)
60% MeOH, 1 mL/min, UV:215 nm

Peak no. 1(1.6 mg) Peak no. 2(218.9 mg) Peak no. 3(36.5 mg)

Fig. 6. Isolation procedures of 50% MeOH fraction on the ODS column
rechromatography.
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Fig. 7. FAB-MS spectrum of antibacterial substances from the peak no. 2.

- 'TH NMR spectrum¢] 4

374 2d9 'H NMRS =43} Fig. 8o et £uls) 248
9] signal& A3+ Zt protong] signals AAF ZFHAAMHE £xFHo=Z
o] alphabet?] A AFEAEZ YehRlch. Proton signald F 107]<]
signalo] UEelgtem, A& gtozBE A4 Zdi methyl proton(-CHs)ol
1.63 ppm(s)ell 170, 0.89 ppmoll 27}(doublet)2 F 370(e, i, j)7F eSS H,
methylene proton(-CHzy©] 3.94 ppm(t), 238 ppm(q), 1.98 ppm(t), 1.41
ppm(q), 1.15 ppm(q) 5 F 570((b, ¢, d, f, g h), methine(-CH=) proton
519 ppm(t), 1.54 ppm(m) 3 27i(a, HoIT:. B2 F7+ 117491 HE 2
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Hald, BEXIErt 224 25 AFo] Ul 2FHO Ue ALE FHHJUG

FE, RS MSAA F 21748 F47F 9 U= AP proton NMR
spectrumof| A} WUEld protonES #3HA F 21707} Hol o] AREe] F
5o,

Y w—pied Aer #4020Y d j
RS NAqRIOLEY HRINY

SR CHy X2
H‘:‘.:' eitrs "
. methyl(-CH,) X3
oo ,ull. RS e
Paal e tuin, 9 sne mett‘y‘ene(-«CHz-—) XS
methine(=CH-) X2
-
C00D
b
..CH -
: c
~-CH,
&
~CH= Ch 0D
f / ] J f S
.,.._._..../LJ_..J A N
¥ XY 5.0 P .. LX) [N 2.8 24 ) P 1.¢ ™
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Fig. 8. Proton NMR spectrum(CD;OD, 500 MHz) of the antibacterial

substances.

- ®C NMR spectrum®] =%

74 B2 ®C NMRE ZA3 spectrume Fig. 9o Y. &
A& guj9] BAE F9stn methyl €499, metyl ©4%9 9 methyne &
&5 F 10N dart BFHAeH, ARG ZAFE alphabete] &4}
2 spectrumol] HEA]3FH T
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DEPT spectrum< F43to] zt g4o] A & =AM A (Fig. 10),
A Fo 2 Yehd methyne g4 493l signalo] 3717}
w5 HAow o] F g EAF FH S signald 1204 ppmI 29.0 ppmo]
Uebhd 2709] signal o|QtHB, G). E3d 4 F ©Ao AI3IE signalo
139.2 ppmel 1717} #Z5 29 (A), methylene g0 43atEs 2o wal
o 2 Jehd signal2 F 57](69.0, 41.0, 39.7, 29.3, 26.9 ppm, C, D, E, F, H)
o]t} §H, methyl &tA o] A Fsl= signal2 23.0 ppme] 27, 16.1 ppm
o 1/l § & 3K L )9 signale] #Z=HA olE Ade nEdF
MSAlA 11718 G422 Ho e A4 & AR

10
-z
e
Lo
o2
Lo
ok
O
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Fig. 10. DEPT NMR spectrum of the antibacterial substances.

- 'H Detected Single Quantum Coherence(HSQC) spectrum®] &3

Proton#} gt4o] A¥ A# AAE Lolr 7] 943} proton-carbon COSY
spectrum(HSQC) & &3t 1 AF 999 UdH¥E Fig. 11 Yehliith
A 22 Yebd adlA j7tA9] 2+ methine, methylene, methyl 7]¢] proton
signal & 7}2%¢] Uehd AojA K71x 9] methine, methylene, methyl”]
o] &4 signal £3 & assignment ¥t}

%, D, E, F H &#488& ZZt d, h, ¢, g9 methylene protonE3}
contour’} YElon, G w©iAhE o]d] AIsl= {2 methine protoned}
contour7} #FEATH EFL I ] £ K] &AEL 747 ofd AE i, j, ed
methyl”7] protone®} contour’} #ZFE o] o|E A9} protonge] ZFHE o]
A FRA3A.
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Fig. 11. 3 E32 <9 HSQC spectrum of the antibacterial substances.

$HH, 1204 ppm9 methine ¥4 signald 519 ppm2] methine proton¥}
contour’} #3550 o] §Av} methine ©49S AUt 3, 45 @4
¢l 139.2 ppm9] signale ©]9} AFE protono] §lo] proton NMRY] signal
o] gleu, contour® VERI}IR 231 Q)

ol9} o] g7 EA9] HSQC spectrumol] 2]3te] 107§9] Z} protone &
ol 1174 z #asd AR 72YS FUstt(Fig. 12).
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Fig. 12. HSQC spectrum of the antibacterial substances.

- 'H-'"H (Corelation spectroscopy(COSY) spectrum®] =7

Proton ¥ ®C, HSQC NMR spectrumo]A] 318 7} protonE e A2 4
g Qolrr] 98t 'H-'H COSY spectrum< 233} ch. Fig. 13¢] e}
A uke} ol aclA j 74x]12] 2} proton signalEo] UEMA contourSZ A &
4 ZHE 2ASHE, acbZ dAHE =CH-CHrCHr 9 RE 7z e
59" methyl 7%, 283 dghfij 2 9A5E -CH-CH-CH,-CH-
(CHi). 5 3708 RETZE Hol 1SS & 4 AU
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Fig. 13. 'H-'H Cosy spectrum of the antibacterial substances.

ol A#AE EhE 7} proton#} A9l NMR spectrum ZA#}E 23}
X 17 o] A&sFE e, 28 159 o5 74L& Uit &, g4e
CF-B-AK)-D-HEG-(, J) 2 9429 7292 ¢ 4 gtk
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Table 1. Determination of proton and carbon position from the 'H
and C NMR spectrum data(CD;OD, 500 MHz).

Chemical shift{(d:ppm)
Position

1H 13C

1 —CH,—- 3.94(2H, tt, /=6.9) 69.0(t)

2 —CH,- 2.38(2H. q.q. /=8.4) 29.3(1)
3 =CH- 519(H, t, =98) 120.4(d)
4 == — 139-2(3)

5 —CH,— 1.98(2H, tt, /=7.0) 41.0()

6 —CH,— 1.41(2H, q.q, = 10.50) 26.9(1)

—CH —~ 1.18(2H. q.q. v/ =12.2) 39.7(t)

8 =CH— 1.54H, m, /= 7.0) 29.0(d)

9 -CH, 0.89(3H, d, /=6.3) 23.0(s)

10 —CH 1.63(3H. s) 16.1(s)

11 —CH 0.89(3H, d, /=6.3) 23.0(s)

(3.94) (5 19) (1.98) 1.15) (0.89)
CH, cr{ ¢,  CH
/ u\ (23/ \ / a4 \ (1¢50)
NaO4;SO CH; C'jz CH
l(i 63) é 0.89)
H chemical shift (8=ppm)
(s8. o) (120 4) {41.0) (38.7) (?3 0)
C CHz CH,
(29 3/ \(139 2)/ (6. 9/ \29 w/
Na0380 CH, ';] CH,  CH
(16.1
(23.0
CH; Hy

J
13C chemical shift (3=ppm)

Fig. 14. Structure of the antibacterial substances by proton and carbon.
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- 7 B39 'H Detected Multiple Bond Connectivity(HMBC)
Spectrum®] &7

AF7tA Z+E NMR # MS data2 HE FA3 L2271 2=AE el
71 918ld HMBC spectrum& ZA38to] o] 3l Zb protonEd} ©149 A
2 e E AR Fig 159l AAF 9 H 9] protonE 3} carbone] 7
ZelE 2e]31, Fig. 160l 1A% 99 2 protond} g9 92 FHE
Zvzt Jetlilth. ZF contourE-S RAFEE 23 o] protond} ©AE S HME

2&HA 93 A4 9ee FASUHFg 17).

2O 0 SNINILIONET SO BTN t, J
oo S eachory: W:mm&n
EaR
Mesco Riamincs: POOC
¥ ¢
B T
Salex, 414y-1.006 108
e, Wi £ et
5% B
B It
L] I T -
Pl g MR AR h
iyl W
i KNG BY i1 i“g
e f % e < pe
ﬁ
§
d _‘TH_ .
¥
—ﬁ————- o ol
¢ 2.¥
£ 3 o
8.4
pos H
1.5
]
3

b ":: C m g ~
Q[Wg | -GHCHAC-QHyCHy!
- - ol -~ - - i . | H
Pl CH-CC : CH, T ]
CHa ) 8.4

| H
e a 4 ! . -
. . U T
16 148 130 12 L34 160 S0 8% ¢ N¢ ng &3 M 2y )p
L (pem}

Fig. 15. HMBC spectrum in low resolution field of the antibacterial
substances.
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Fig. 15. HMBC spectrum in high resolution field of the antibacterial
substances.

7N H/ NN
CH, C CH, CHe.  CHs

a\ 2 NVANTANY,
Na0O,SO CH, | C \ Cb CH
\lw |

/
CH,
Fig. 17. HMBC spectrum of the antibacterial substances by proton and carbon.
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o]4e] z}E NMR# MS spectrum O 2R E o] BAL o|A71RA] ¢elRA| A
23U 4,8-dimethyl 3-nonene sodium sulfate®] 72E 713 A2 EF=E

29 59 cH(Fig. 18).

Fig. 18. Structure of 4,8-dimethyl-3-nonene sodium sulfate from Mideodeok

antibacterial substances.

89f

UG Y (Styela clava) 2 HE] & EFJ & #str] Astd vt g oA
=22 F&33 ddAAE ALY 87) HRAA Fadol S A
on, 71 & F4 ODS YoM 50% MeOH=Z £2F B 374 EA
2 ODS ZAM 4 MeOHZ AAAste] &7 23 peak no2 2189 mg
< & ZAA

Peak no. 2& FAB MS #4 ZAx, 3 2722 FAHoH, 1id%
MSH| A CpHxSOsNae] 21418 &8¢l 31gth. Proton NMR 3} carbon
NMRojl A Ztz} o]59] Co9 HE assignmentdt$l 2w, HMBCH A HEH o
2 39 A3}, o] EAL 4,8-dimethyl-3-nonene sodium sulfateg}s= A28
E4YE gl
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Al 8 A Wty S dwd FHAE 29 Bt

e

HEFE o83 WAAF R 2 71T A7 19509 o|F w]=, dE Sl
3] AP=o] ghehNisizawa, 1978; 8, 1993). sjzFo =l de FTEA
EZEEME &2A 3I/HE, diterpene B triterpene]] 313}HE, phenol/taninf, A%
ASRHE Fo] HuFo)R] Jom(Ali et al, 2002, Bennamara et al, 1999;
Vairappan et al,, 2004; Xu et al, 2003), o|< 18R, A FFX238, FEY
3L, FETEY, doEH E HEEAE T v Aol e AeE &
#A AtHAsia et al, 2004; Mayer and Hamann, 2002, Mayer and Hamann, 2004).

1IAdx APdAs vltiY(Styela cava)d] 72 RZEE 34 2D S
e, BAsd YAy I A4 L AgF BN Yo 1 7=}
4,8-dimethyl-3-nonene sulfateq]-2 4 &} X th(Fig. 1).

8 6 4 2
9 7 5 NF 3 '™ 0s0sNa

11 10

Fig. 1. Structure of 4,8-dimethyl-3-nonene sulfate.

wEtA, o] FaAd EFE o837 Y3t T2 A" w4 EF
4,8-dimethyl-3-nonene sodium sulfate®] thag R A A = EAubH o] g
o] g3y, ¥ HAAE JTERDY 4F WA, FuMTE Tl g
oA A5 BAY AEZE oot 3, JaEAY FE 3 FAEA
& AT
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As 2

As

" Y (Styela clava)E FFA] AtdolA FAE AE T3t FAE W
A 7HAE wE vl ste], polyethylene £7]9] Wol -20C9 WEie] A%
AT AFo) AFEE G 8%, 4,8-dimethyl-3-nonene sulfates »jH Y
ANEZEE AAST AL NMR 2 MSZ ¢ & #9lsty A&yt &, &
AAEe) AL Z4E 5T IFTAHIZRE B 2 RS A8
.

Fagd AF

e, A B Fo FaABE golrr 93ty AR #FE nxd
(Bacillus subtilis) ©.2 4] Nutrient Brothol|A] 24X+ Z# A7l ¥ 10°/mL ¥
=2 343 F vigY 1 mLE Plate Count Agar(PCA)o] HE3ld 35T
A 24 A3 ulgEte AS AXYD A FFe 2NE A

FA8A 2 HA WS A FX(minimum inhibitory concentration,

MIC)¢] &3

hF 2 - BA A, vdYg FEE9 Zt &) & 4 FoEdHdL &
oA vty 10 g 58 4IHS #Hst paper diskel] FFA1711, &

€ ¢ d&2AA naxd g PCA HiAE o] &3lo THE HE=ZTY
Foll BZAIZI F 35TolA 24A12 vl & A5 A 8P FF 2 3
A Z7E FHsY gEAHS G

HA 48 JA ¥ E(minimum inhibitory concentration, MIC)9] &AL &
A Al =] 34 (Broth dilution method)2.2 Z33}Hc}t &, 35ToA
2471 7r w3t # 4L Nutrient Broth(Difco)ol] oF 10°/mL TE2 AZ3 &
o E Ao FaFoz2 EF30 4 AFAE Axso S A F
FS A3 o2 A ImLo] i3k A=A 4,8-dimethyl-3-nonene sulfateE
200, 100, 50, 25 pg/mL HEE A7t F 35To| A 24X 7t wjgsld & F
2} &= spectrophotometer2 650 nmoljA FJEE ZAHsHT) ©o] W F
d Fxrith 371 A FETE AMEsIRen, =8 HrtHe & da¥s
WA 3t7] 918ld RE AJPolE positive controld} negative controlg z+z}
A3 -
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HzTe F3& - 379 E3=
g &4(%) = P x 100
E£T9 F¥E

FE8v 2 7z} v F&d JAEA

ol 3k vl 100 gof] 3ui#Fe] acetone, 50% acetone, methanol, ethanol
2 B2 F& AF3ly, 4 32 &ve WAdde A4 Y &= 23] o
F&3te Adg #{ O Y TF5F F, FFEAHE paper diskHo R
=3 QcH(Table 1). =3 7 EFo] 71F @ol FEH acetoned Py Y
100 goll 2+ 1, 2, 3, 4, e Fo.& 1, 2, 33] F& - AHsto JABHE AL
3t

39, 7t 2292 100 mLe 80% MeOH#F} FF¢] hexaneo 2 Hul 5}
hexane & & ¥ #3l1, 80% MeOH 3R L& £33 o & chloroform, BuOH
2 EZ J94-9 BEujgd Z FES Y FF F oEHE FHIAH
(Table 2).

Alumina % silica 24 A ZvlEadvda 9 T4

Acetone FZE 9] chloroform, buthanol & & Alg FA9 208 H =9
2971 g8 g7]4 alumina Z3(Aluminoxide 90, Merck, 2cm, id. x
17cm)& 25t CHCl-MeOH(1:1)3 1% NH,OH-MeOH & 3Hguj(1:1)E
Ztzh 3ujg o2 {EAA FAEAHE SAHSUT. W, alumina ZHFH A
1% NHOH-MeOH(1:1)d] §&A1AH 5% a4 & Al89 200 A=

£ B39 silica 2 (Kiegel gel 60, Merck., 2 cm, id. x 20 cm)2 9+&
CHCl;, CHCL-MeOH(9:1), CHCl-MeOH(7:3), CHCl-MeOH(1:1) 2 MeOH
$U12 AR IHE Z/ANA AEA §E%] FTBHL HAY
=

T/ ODS ZY A=ZviEae}v|dXe 484

Silica ZelA FFEAHL Ued CHClL-MeOH(9:1), CHCl-MeOH(7:3)
JES A8 FAY 2008 B= Fuo] #4 ODS Z & (Fuji Gel, Japan, 1
cm, id. x 12 cm)o)A MeOH ¥XZ 20%, 30%, 40%, 50%, 60%, 70%, 80%
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9 100% 2 7tz Z7HAA ARA 2E Be) suFoz 82X 4 Y
o FFBIL ZAFRIST

HPLCo A §AEA &5

ODS-7 Z+&d(Nomura Chemical Co., Japan, 1 cm id. x 25 cm)& H-3gh
HPLCH A= 60% MeOHE 1 mL/ming #4402 215 nmoA] TUEH 3}
AA §EAFHT o] W, 7 2 mLAE FFHIS gF G & AT

FAELY) dF &

AEE 7P 10 kg SuRe] olMELE 13 FEel U BE ¥,
hexane® 2 H|FA A& F& AAT v}, BuOHF EZ Eujsle Jo &
4€ 7F- BuOH #¥9| =F29<& A o] BuOH HEL A 55
2, 9714 alumina Z@ A 1% NH,OH-MeOH £uj& F&3l3, &4
¥ ¥, silica ZP A& CHCl-MeOH(7:3) £% &2 &34t &2
oo A ODS ZAHoA 60% MeOHE FE3o] FHFZHOE Develosil
ODS-7 Z@(Nomura Chemical Co., Japan, 1 cm, id. x 25 cm)oll A FEZ
o Bysgon, 2243 HPLC BAL E5o 5938 74 E29
O,

grgde] 3FEH

4,8-Dimethyl-3-nonene sodium sulfate®] ¥4} Develosili ODS-5 Z#
(Nomura Chemical Co., Japan, 4.6 mm, idx 250 mm)& ©]&3lo 75%
MeOH-0.01M KH;PO; 9459 (pH 5.00Z olF5A 2 &4 08 mL/min #%
o2 EgHA 215 nmo| A RUEHEHA HPLCE EA43¥

Age A5, ¥A, A8 1 goll 40 mLe] MeOHE 713t wmiafsla
AE2 (3,000 rpm, 108)slq A5 1.0 mLE FH3gd. o7]d FF/FSF 30
mL-S 7}l seppak ODS ZHo| {37111, 70% MeOHZ &&3lo 3
¢ o3, MeOH 100 uLel| o 10 yLE HPLCH] FH3ste] &4 s th(Fig.
2).
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1 g of Homogenized sample

}
Extracted with 80% MeOH
}
Centrifuge at 3,000 rpm for 10 min
l
Supernatant 1 mL dilute to 20% MeOH
y
SEP-pak cartridge Cis
d
Wash with 20% MeOH 10 mL
l
Extracted with 70% MeOH 5 mL
}
evaporated and messed up to 100 pL
}

Injected to HPLC 10 uL

Fig. 2. Clean up procedure for determination of 4,8-dimethyl-3-nonene
sulfate.

pH 2 4 AN XA}

HA S JdA = MIO)Z 34 3 100C 7FgstdA 2, 6, 9, 2447kl
g 8T 121T, 1587 115C, 6022 11 ¢ 3lolH 22 g%
£ HPLCZ B34t &%, pHE &z 3,5, 7, 9, 118 3o 8, 18, 244
T FAE He §4E84 S HPLCE st

-

=

FHdEAY ZF A dd FFA A
Ha AR AAF=MIOZ 34 %, 4% a8 $4 2 S49 AL,

- 134 -



HAAT, &%, 30| To U FaEAH S P oz EAEF HTable

g ST 3 SATS Nutrient AgardlA] Fd Al F
Nutrient Brothol| A} HZ wld 25 o|A] 24417 v g3te] AP A&l
EXFE YM Broth(Difco)oll A ujgste] Ao ALEstgiuh

FaELE vy A 34 54 24

A& dAFS 1% tween 60 €9 1 mLo] A7)z, AF 18 go| ICR
A FA vhe-2BF%) vt A2t B FARste] 24412 o] Al o
& 2ASAG-

a3 9 13

F&8v9 A3

gy 7ARE B go] 93.0%, 380 31% olRen, §7% FF
< 39%E Jerliey a4 EFAL F49Y sulfate 3FEO|T. mEtA,
FA4o] A3ty B FIUIE & Hole SMEERE FE3e Ao F& AL
g2 Z2AAd. gatA, v o 100gS 39 %F2] acetone, 50% acetone,
MeOH, EtOH, ¥ E& ztZ 334 F&3toq ¥5¢ ths, 10g 43 +
EE9 ¢ BHE ZAMSISC Table 14 yebd wpe} o] 22 F
Ag HFES BE oA g &do] Y2 acetoneo E F
Rol 714 i EAo] =4t

3L, acetone F&9 7%, acetoned] HEE dulE e Aol FL2AE
==

319& W= 3 F AAe gF &40 FUERoY, 1 o)A E Hlixdt
91, acetone. 2 13 FZ&31 W FALE 23], 33 23 FRAM = FF
g Aol JeElUR gskth o] AAE FHHE HESY £ W, ¥ &
A BE-Y F& 50 MF F B o oF 2 FH BolA, AAA
55 nd3oE, 7 EFY % 8l acetoneo] 71 AT o, &
e A5 3ujFo g 13 FE3= o] Aty AdHUS

of-of Fulz

uEy 7} BE acetone S22 FE3] FEES 80% MeOH$}
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Table 1. Antimicrobial activity of different solvent extracts

Solvent Inhibitory activity* Residue(g)
Acetone +++ 210
50% Acetone ++ 144
MeOH + 1.79
EtOH ++ 2.89
Water ++ 3.46

* Diameter of inhibition zone. + : below 1.3 c¢m, ++ : between 1.3 cm

and 1.6 cm, +++ : over 1.6 cm.

hexane® & ¥u3lo] hexane S ®dti 80% MeOH FE L t}A] &
23} 40% MeOH$} chloroforme. 2 #ujsted chloroform &< &34
T}, 40% MeOH IB-e x33lo] BuOHS} 22 23sle] 7tz BuOH &3

p

I B gy EI3l9t. o]#8A Y& hexane, chloroform, BuOH 2 &
T 4N QT’:-’] g FAS ZASE AFAE Table 2¢] et vZA4 <]
hexane &3 FAA & LA FTEAHAE YeEhA &gen, E F
BoAE gae) do] AZHYT. FRABAL @ A §u YRW =)
31A) 9 chloroform &3 BuOH &9 = 38 oz UYrolxon, s
4= v '
wEtA], 8o B9 Aee, WA hexanelo 2 EuH|slod HIFAH FA4
A 5L AAsD FA4o] 73§ BuOHE 74 BEAEL F23+ Aol &

1 7
E3olgta gaElen, Hx FEE9 WNFR 80% °F AAHU

Zy aRvEaggy e o FEAFA =3

g Aol & acetone FZEE3} 50% acetone F=E 9] chloroform, BuOH ¥
& 9714 alumina’columng F#A|71 A3, F49 CHCl-MeOH(1:1) £
2 EAMe FEEZel LEHA  gskew, VY 1%
NH,OH-MeOH(1:1) E{-&ujolr FgFEZH] &&=HATh 1% NH0OH-
MeOH(1:1) EF-EmE 1, 2, 3, 4, Sull&7HA] §&A1A 7+ &9 FHBAHE
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ZAYSE v}, 3ul 7R FFAlo]l vEbyith welba g7]|A alumina columnel]
A FFA 9] sulfate BEAS FHA7)1 HA FA9 CHCL-MeOH(1:1) €

Table 2. Antimicrobial activity in different fraction of partition

Hexane Chloroform BuOH Water
(567.6 mg) (122.6 mg) (191.7 mg) (3,960.0 mg)
10 - +++ +++ -
equivaient
>g - ++ + -
equivalent
25 i t | i .
equivalent
125 g _ + ) _
equivalent
0.625 ¢ ) ) : )
equivalent
* Diameter of inhibition zone. - : 0 cm, + : below 1.3cm, ++ : between

13 cm and 1.6 cm, +++ : over 1.6cm

j 2 columnel] &35 ZA v EFE AAAFL 1% NH,OH-MeOH(1:1) &
&l v Fo g BEde Zlo] AFH o

#9, siica coumngolME T B3 3P FFe] CHC,
CHCI3-MeOH(9:1), CHCI3-MeOH(7:3), CHCl;-MeOH(1:1) ¥ MeOH=Z X134
o2 {&3td FEEY 10 g AFHLE a4 S A A3 CHCL-
MeOH(9:1), CHCI-MeOH(7:3)e| A Y3 o] Zkz} 1.0 cm, 25 cme] A& AR
Yol Yelgtth. welA silica ZPo|A= 38]Fe] CHCl-MeOH(7:3) L1} 2
S&A 71 Aol AT Az gt

T4 ODS ZAyHAA 9 &5 =7

Silica Z g A gFAdo] YERE CHCl-MeOH(9:1), CHCl:-MeOH(7:3) &
RS 8ty FA ODS columnd|A] 20, 50, 60, 65, 70, 85% MeOH %
MeOHE 717} Zg H3]9 3u|5y TAF o2 &EAA FTHS AR
A3}, 50% MeOHO) A2 E] 85% MeOH & &o|| o|27|71A] 2z & A
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Aol velgth a2y HPLC A E4 oA &A% 2, 50% 9
60% MeOH EEX T EEFH §& Azto] 4Xst= FaEES Azt 4
FEQom 65% o]4de MeOH Ee the EFZ FHHUY. waby +
A ODS ZHdAE Alg FA9 2008 AE He B39 ZHAA 20%
MeOHZ ZHS AH & 3ujge] 60% MeOHZE &3t Zo] HF3 A

2 FIHAT

ODS Z§ S ©] 83 HPLCI A2 §&

Develosil ODS-7 Z# (Nomura Chemical Co., Japan, 1 cm id. x 25 cm)
< B%3 HPLCYAME 60% MeOHE 1 mL/mine] #4292 215 nmelA
EUHHINEA SEAAE AT, 0 EFZL 258 ~328 Alold $&HU
o}

dF 2AA 209 44 £ EE3A

oj%ge] ZAF A-f Ful ¥ BHE o]&3to WY 7H4F 10 kg Fig.
37 e #iez o AASIY 3957 mge FT E-A 4,8-dimethyl
3-nonene sulfateE ¥ FASHHS& 0.0023%).

SET P

ODS Z+g& 533l HPLCO A 4,8-dimethyl-3-nonene sulfated] A= £
4 zae pH 508 Q4 buffer® ol§3T}. e WaEARY BIY=E
2 By A & 13 Develosil ODS-5 Z# (Nomura Chemical Co.,
Japan, 4.6 mm, id. x 250 mm)& A}&3slH o™, 75% MeOH-0.01M KH,PO,
@29(pH 50)2 08 mL/min §%°02 EHA, 215 nmolA ZUHF 3
At} 4,8-dimethyl-3-nonene sulfate EFEEZ L 6.8FUd Y33 vjaz A
Z5 o v(Fig. 4), A& A= 10 ng(S/N = 3u]) ot =g 001 ug,
0.1 ug, 02 ug, 05 pg 1 ug 2 ugdl oish 33 A3 o Fxo &
peak WHHE o|&3to] AFNS FHAF Ax FAAFE)7} 0998302 ¢
3 A4S vehl Ao (Fig. 5).
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- 6ElL -

Styela clava (17 kg, edible part 10 kg)

Homogenized
Extracted with Aceton (1st, 3 volumes)

Filterated and evaporated

Hexane 80% MeOH
(36.7 g) (303.1 ?)
I |
BuOH Water
(154 g)
Alumina column(Aluminoxide 90, Merck) 3.5 cm, id. x 67 cm
CHCl::MeOH(1:1) 1% NH;OH:MeOH 4 vol.
(27 g) (5.2 g)

Silic acid column(Kiegel gel 60, Merck) 3.5 cm, id. x 67 cm

|

CHCls CHCI;:MeOH(7:3) CHCl:MeOH(1:1) MeOH

(13.6 mg)

(4376.7 mg) (1,3321 mg) (312.0 mg)



-0bl -

| ODS Q-3 Column (3.5 cm, id. x 32 cm)
| i | | |
© 20%MeOH 60%MeOH 70%MeOH 85%MeOH 100%MeOH
(952.9 mg) (1,876.4 mg) (256.2 mg) (2971 mg) (205.7 mg)

Develosil ODS-7 column(l cm, id. x 25 cm),
60% MeOH, 1 mL/min, UV:215 nm

Peak no. 1 Peak no.2 Peak no. 3 Peak no. 4 I(’;:ga; 7“3{ g? Peak no. 6 Peak no. 7

Fig. 3. Isolation procedure of 4,8-dimethyl-3-nonene sulfate from tunicate.



Retention time{min.)

Fig. 4. HPLC chromatogram of authentic 4,8-dimethyl 3-nonene sulfate.
Develosil ODS-5(0.46x25cm, Nomura chemical), 75% MeOH-0.01 M
KH;PO; buffer(pH 5.0), 0.8 mL/min, UV 215 nm.
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25

057

ole
OE0 506 1EH7 2EH07 2507 3EHV 3E07 407 407 5807 S5E07
Area

Fig. 5. Calibration curve of 4,8-dimethyl-3-nonene sulfate.
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ANES e dF B A Py 3t 9A, A8 1 goll 40 mL
9} MeOHE 713t wldslz P4 EE](3,000 rpm, 10%)3le] A5 1.0 mL
g H3ddh od7idl F7/4 3.0 mL& 7181 seppak ODS Zr o] F A7)
i, 70% MeOH=Z £Z3ld F=3 ]S, MeOH 100 ple] o 10 uLE
HPLCel] F<lste] EAsttt. o] ez A3 A voy 71274
= 1g % 29 pgel =0l e Aeq Ueyth(Fig. 6). A, 24 A&
o #2 % dADY WS dYsA FE Fo AUtk

Standard

extract

—

5 i
=

v
Retention time(min.}

3

n
Retention time(min.)

10 .90~

Fig. 6. Chromatograms of 4,8-dimethyl-3-nonene sulfate and Styela clava

extract.
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MIC ¥ 2z}3 v]AEd dig Ja84

a3 AJFQ B. subtilise] thdk MICE nutrient broth 1 mLej
4,8-dimethyl-3-nonene sulfate® 200, 100, 50, 25 pg # H7Vele] S
A3 AAE Fig. 79 Jeld itk webA] B, subtiliso] g MICE 100%
A&)-&S JEbA 200 ng/mLE FAEHY o, FaHLS ¢ g HolUt

100
90
80
70
60
50

30
20

Antimicrobial activities (9

10

25 50 100 200
Concentration (zg/mL)

Fig. 7. Antibacterial activity of 4,8-dimethyl-3-nonene sulfate to Bacillus
subtilis.
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g, o] EZe] #WAdFe U3 XNBA, AF PEA, REA, A ATA
S22 olf 7tedE goliy] A3t Z4F vAES o2 B. subtilis
7ol MICQ 200 png/mLelA g B3 ZARBIAS L9AE #¢ 1%
S Al ¥t Escherichia colid] i3l 37.3%, BHAA &2 Candida albicansol A
37.7%, ¥Yd F3o|Ql Epidermophyton floccosumd|] thdlel= 35.0%2] &+
4S5 vedlen, 1 99 ¥e4d MAFEC distde g7 4] 10% W
9|2 YElg o] 22 B. subtilis 0|99 #FE0 Ul dadgAe] &
A o3 Ao g vehyith(Table 3).

Table 3. Inhibitory activity of 4,8-dimethyl-3-nonene sulfate to various

microbes
Inhibitory activit

Strain at 200 ;};’/mL(%})’ Broth
Staphylococcus aureus subsp aureus 1928 9.8 NB*
Bacillus subtilis 3014 100.0 "
Staphylococcus haemolyticus 3341 2.0 "
Enterococcus faecalis 3206 0.0 "
Klepsiella pneumoniae subsp pneumoniae 2208 7.4 "
Providencia stuartii 2568 10.4 ”
Pseudomonas aeruginosa 2513 8.0 ”
Enterobacter cloacae 2361 12.6 ”
Proteus mirabilis 2510 0.0 "
Escherichia coli 2501 37.3 ”
Serratia marcescens 2216 0.0 "
Epidermophyton floccosum 6586 35.0 "
Candida albicans 7965 37.7 YM broth

* NB : Nutrient Broth.
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Fa 8o L&A

Faegd o AFAHE dolr 7] f3td MIC F=E FA3% A& 4Y
ZF vioksled B A, Hx 4A 7 E 100%9] & % VER 120, 484]
F A A 69.6%F, 72X & 30.1%, 96X Tl 0%Z2 A7ro] Ao
o2t Aol A ATH(Fig. 8). wEtx Mg Folv ddolv Fiolety)
Hoh dAFHoz 79 F4E A AT a5t gle Aoz vey
t}. o] A:ZE Hol o] BEAL TE A ZEo AFgA R AlgL ZEd

o2 #aHNY.

Antimicrobial activity (%)

24hr 48hr 72hr 96hr
Hr

Fig. 8. Changes of Inhibitory activity of 4,8-dimethyl-3-nonene sulfate.
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pH 9 7189 o3 a4 EH9 AAA

4,8-Dimethyl-3-nonene sulfate2 pH 3, 5, 7, 9, 118 ZH3 &9 FojA
0R| 2k, 8AIZE, 18AIZY, 24A|7F AFslHA] & W3LE XAt 2 Z2d 24
AlZE A3 Aoz e wste A Utk wEkA Ao ArldAME ¢
A EAAE & F AU TE, E B AFAAME 100THA 71EA]
6AI1Zt 7MA e B Aol WA Fgro}(Fig. 9), AN A Alde
MIC %504 30% o)A 7439tk

8
—e

Antimicrobial activity(%
8 8 3838 8 38 8 8

-
(@]
T

o

hr

Fig. 9. Changes of Inhibitory activity of 4,8-dimethyl-3-nonene sulfate
at 100C.
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durdel F2Y 5 A AF o4 115THAM 608 7194 £
o] o] thah AP o VHFig. 10), WA e B =2 121TAA 158
g Aole B4 BA9 o] A wslalA wol P Ro= ek
=

115¢C, &vin

05

04
g \
503}
©
5
So2f
O
O

01

0
0 &
Min

Fig. 10. Changes of Inhibitory activity of 4,8-dimethyl-

3-nonene sulfate at 115C, 60min.
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vhg-2o dig 34 54

ICRA A wp¢-2d gt §4 54 A1golA 4,8-dimethyl-3-nonene
sulfatee 5 mg3 18 g vh$= 3miglo] B Fof Al 24 A7 o]fdl] %
APt ot 4 mgAll e AMEskAl dtoh kA, oFEtAT uh-2of gk
24¢e 9 Aoz ASQUTHLDIO = 1.0 g/kg).

Qof

4,8-Dimethyl-3-nonene sulfate®] 2] A= vigy 7143 E 3u)z9
acetone®. 2 F&3le] o7, FF F hexaneoZ AIFAH EF AAsL,
BuOHZ FZ&3l9 g7]A aluminao) F&AA 1% ammonia-MeOH(1:1)Z
|ZFA)7]13L silica P\ A = chloroform-MeOH(7:3) fvl2 £&A1H F4
ODS Zrg oA 60% MeOHZ £Z%3led ODS ZtHo|A] 70% MeOH=E &g
FABE Ao] 7ttt ol Rjo g Fu A AF 17 kg vlv Yy
o 2HE 4,8-dimethyl- 3-nonene sulfate 395.7 mg(4=§& 0.0023%)S ¥ A
A8t o). Bacillus subtilisol] th3k MIC= 200 ng/mL o]glew, 1 o]l 1
T ¢854 HEd & 3 AE, ¥30]d gty o] R % A4S U
Bl ittt HPLCol 9% A% £4L ODS ZolA 001 M AL F &5
A(pH 5.0)-MeOH(25:75) &2 08 mL/min §402 &2 215 nmoj
A BUHY st IF BAol 75aE(AE WA ¢ 10 ng), AXeE 80%
MeOH=Z FZ&3}o sep-pak ZPoA 70% MeOH=Z £Z3lo EMT F$
FlE Y 7hael 29 pg/g FHHO) AN FF VAL UAIRF o] FRE 7
Asle] 49 Fols Ao &3] LAE AuRYg Fd Ay UL
o, 100CelX = 6AIZI7HA], 121TCAA 158 71Esld= AT pH
3~11 FHAE 24X Folx MR, vpg2d i3t A F4L
LD100°] 1.0 g/kg ©] %tk
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A 9 A vrY ZAol ¥ glycosaminoglycans®]
F= 2 A

XE

o By vl M= vl M F(Halocynthia roretzi, Styela clava) & dF
7t ARANFLRE @8 A AEHAAR A Py o] JEEA
ol AA7A Aoz AuEHE HZ YAl Fristn 53], 49 &H|
Hef7l AL THA A 2 Yre FeE 7MFEH A3 Utk Mauro F
(1995)& WA F AAA &3 glycosaminoglycans(GAGs)7} E-R-5E oA
%23} chondroitin sulfate B(dermatan sulfate)®} ¥]5:%t [4-a-L-IdoA-1—3-B8
-D-GalNAc-1]9] 7|72 E 7t 9Hilbr sley =3 {fAgE $E2
sulfated polysaccharide?] 3}8t2x42 ¥t

GAGs¥ mucopolysaccharideszti 4#HFE AL Z 71A7) gle 2 03
F A&E ¥ polysaccharide chain®]t}. GAGs+ disaccharider} ¥HE-®H -
Z2 F sugar 3 3Ue  o}v=F(N-acetyl-glucosamineo| 1} N-acetyl-
galactosamine) 2.2 T4 H o] glycosaminoglycans(GAGs)etil E&t}. o2 gt
GAGse sugar Z7]d] 3ol 7lHE7|(C=0)E 7M1z SASE Ho,
sugar Z71E 219 2% FE S sulfated] 4 X we} 77X 2 {3}
™ chondroitin sulfateZ} o]d| &3}

Chondproitin sulfate= hexouronic acid(glucuronic acid, galacturonic aicd)
9} hexosamine(glucosamine, galactosamine)©] ester A% FHOE UFE
hexosamined]] sulfate’} ZAg=Eo] Q1= sulfated polysaccharideo]|t}.
Hoffman %(1958)°] 3% 9] chondroitin sulfate A, B, C9] TX& 9o
W, Az §2zd el ETyA  =Aeum R 5
N-Acetylgalactosamine?] 4-O-sulfated® Zl©] chondroitin sulfate A(Ch-4S),
6-O-sulfated ¥ o] chondroitin sulfate C(Ch-6S)o]™ o]&& AF9] 207
40%E A3t} Chondroitin sulfate B= Ch-4S, Ch-6S9}+= €3] glucuronic
acid tj4lo] L-iduronic acid& -3t AAT FES EIAHEA Bo] &
A2 2 dermatan sulfated}1 % 31 HAW Aol M{FoxE AASNE A
oz 4HA Uy ol9 sulfated polysaccharideZ chondroitin sulfate D,
E, K, keratan sulfate 218} 3. heparan sulfate 5] 1t} 18|31 nonsulfated
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polysaccharide2 & hyaluronic aicd ¢} chondroitine] ]t}

Chondroitin sulfates XFEFES AEFE =& Z4 23 Ao ol=7]
7HA dE] X3l glev(Mourao and Dietrich, 1979), 9] 5%, I F
of = 29| ejolSampaio and Dietrich, 1981) = Algo] 99} AlAZZ
(Sekino et al, 1977)d| X = LA EZ, Abgoly E79 oo} w
(Hata and Nagai, 1978)d| M= #4=lon, o] vt g9 glo} ztat Aty
Z7Z](Yonekura et al, 1982), Ao]dZ(Nadanaka and Sugahara, 1997), ¥ 3
F % E(Cassaro and Dietrich, 1997), &, ={#], 240 dF 9 FVHA=F
(Kawai et al., 1966)9] 4] sulfateE 7} GAGs9| —:—E]H‘}ioﬂi Aate] ME
] (Vieira, 1991)01]*15 A2E FAYBH7E EAH E/HFE oAz
3T BEXsa leol gAHA

oldl GAGse FYURE FA7IA ZoidE, 4o aw(ELM) Fo| A
Hi Ao HT Fole HFAVIZ ddl EHFA, & B o=
Adsl A2 ALl Bog dFolnt. Wby B d7e dEFF AHE
d YA ¥& BEE sty HrEL e vivY AAZRE FEY
GAGsS &8t AAsld o =4S 35, yoprt 44 &8& A%
NZARE A A ch

Ag 3

As

B A AHgE voY(Styela clava)e Ag AAA AEAA AFH3S
20 kgo.2 AEFY F 4T Y3 At Fau 2+ FE9 BHE
8l A2 E 2L FEEAA % F AP ALY

GAGs F&
WtiE 1000 g A Fahe] A5rET BAAAE B Qo AL BF
8}o] 95% ethanol 3u)E 7hahx, 3% 4 WAAZ e AURUE 58 3

AES 52 AZF § GAGs €2 Ve

HPLCo] 8]8 GAGs®] 3fel
574 #1z29 AE 10 mgs FH3slo 0.02 M phosphate buffer(pH 6.5) 25
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mLe] &3] & 16,000 gellA] 94 £t 22 454 HPLC A|IZ &4
2 Aresgch 3L 300 x 7.8 mme] BIOSEP-SEC-S 2000(Phenomenex,
CA, USA)S At&alax, F35E UV-VIS detector(Shimadzu SPD-10AVP,
Tokyo, Japan)Z 210 nmollA] A3}t &vl= 0.02 M phosphate buffer
(pH 65)E 1.0 mL/min¥ ZHX BTt

Ion-chromatographyol] 2|3 GAGs<] ¥ 2 AHA

Mauro & WH(1995)0] wie} ztzte] F&E-L2 05 M acetate buffer(pH
6.0)2 %3 3}l¥ DEAE-sepharose CL-6B column(33 x 1.6 cm)’delA 07 1.5
M NaCl2 HFEFHE Fo] % 1.0 mL/ming 254 nmo|A 6 mL¥ #3F

5 248w w55 FAUE sk

WS o] L WP R v} E 12} 5 (HPAEC-PAD)o] o8 ©§ 2

oful:=Fo] AHF

Ion-chromatographyol] ¢j&] &2 HAE FE(FL, F2)& =74 J=
2 g71&Ax 7} 523 BioLC system(Dionex, Sunnyvale, CA, USA)S A&
St 9% 2 opnmFel EAE $)5te] CarboPac PA1(4 x 250 mm)<
AHeslgR, Alg FEe 10 plE 39|tk Pulsed amperometric
detection(PAD, Concorde Waters) & 7|94 18.0 mM NaOHE &£v|Z 1.0
mL/min¥ ZHAN EA3Att. TFY &EANH w=E vt JF
[ 5502

Agarose gel 7195 23 GAGse] 39l

YUAlE 2 Ion-chromatographyol A A AE GAGsE chondroitinase AC,
chondroitinase ABC S92 7}5R38]3 t}2 Dietrich and Dietrich WY
(1976)o1 w2} 0.6% agarose gel(w/v)olA  FH<lEgtk. 005 M
1,3-Diaminopropane/acetate buffer(pH 9.0 A}&-3lo] 3A)17F F<F A8YsH
o0, 01% cetyldimethyl ammonium bromideZ IA3}IHTh AAHEH gelS
acetic acid/ethanol/D.I.W.(O.l:5:5, v/v/v)ell £3l" 01% toluidine blueZ
A3 & 0.1% acetic acidollA A3ty FRISIAT. AEEH BEFS
chondriotin sulfate A(Sigma Co., St. Louis, USA), chondroitin sulfate
B(Sigma Co., St. Louis, USA), chondroitin sulfate C(Sigma Co., St. Louis,
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USA)E AL&-3l4h.

2 AAE GAGs9 & A 31513 A4JEH

Ion-chromatographyE %3] £#|@ fraction 13} 29| 3}8tF ZAL #A
3l7] $j38 sulfated glycosaminoglycans &% 32 $3}<] metachromasia
H(Richard, 1986), uronic acid &# FA& $3l4 Bitter 5 WH(1962)S
A8l carbazole H(Frederik et al, 2000), hexose & ZHES 3
phenol-sulfuric acid ¥ (Frederik et al., 2000), acetylhexosamines &% &7 -&
$13] MBTH(3-methyl-2-benzothiazolinone hydrazone hydrochloride) assay
(Frederik et al, 2000), sialic acid %% ZAHE 93] ferric orcinol
assay(Frederik et al, 2000)2 @3t £4 vzE s A1 L8 TFTo=
phenol-sulfuric acid ¥4l = glucose(Sigma Co., St. Louis, USA), carbazole
assay°l|+ glucouronolactone(Sigma Co., St. Louis, USA), MBTH(Sigma Co.,
St. Louis, USA) assay°l= N-acetyl-D-galactosamine (Sigma Co., St. Louis,
USA), 18] sialic acidi= N-acetyl-neuraminic acid(Sigma Co., St. Louis,
USA)E A-&-314th

vty ZAAZRE dojA GAGs9 F2& Annool WH(1974)& 7Ix=
2 o] 108] HF7FskE 121CeA 2
£ 4t 4o FEYL AFFF V)4 A Brix 1571
FET v of 3y dg&S st AAAFAY. AHAE GAGs
© dAEYstA dEES AAT vs TAAZs AP AHEsHA T
HPLC9] 93 GAGs<9 &9l
¥ ¥ chondroitin sulfate AQI— CE o]83% HPLC 43 A3 HEE A
ZH74min)o] Zo} u|g oA FZ3F GAGs7} chondroitin sulfateE g3}
3 Sthe A€ Fig 1 e Aeh

Ion-chromatographyol] 2|3 GAGs?] #3] 2 A A
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ngy AAZRE %3 GAGsE ion-chromatography 2 A A8} Fig.
26] UERAAT. EBFE 254 nmoll A 2719] fraction(Fl, F2)o.2 R¥E 0
o, metachromasia(hexouronic acid) <} carbazole assay(sulfated
glycosaminoglycans) 2 813t ¥tt. Eg A7} F29] sulfated glycosamino-
glycans 3tefo] St Fleo] Z$ 1 @do] @ AL FAT + AT
o]% 7} fracion® 2 3, 54 & T2 7Axd AH59 7 £§ ¥F2 F
o] ¢F 60%, F27} 40% Q).

L

I

74

Styela clava

Absobance(210nm)

274 6 8 10 12 14 16 18
Minutes

Fig. 1. HPLC anaylsis of crude GAGs from Styela clava
tunic. A: Chondroitin sulfate A.

0.31 2.0

1.8

0.28 | Fraction 1
—

Absorbance(254nM)
NaCl(--

Fraction number

Fig. 2. Ion-chromatogram of the purification of GAGs from
Styela clava on DEAE-sepharose CL-6B.
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TAESol &P a 2 vt E e 9 (HPAEC-PAD)]| 2@ @35 ¢ olv
aFe] gF
BT Sl nd A 2vlE g9 (HPAEC-PAD, high performance anion

exchange chromatography-pulsed amperometric detection)& ©3& 2 o}n
=) S A3 Fig. 3, 4 2 Table 19 242 Yelg Ao} Fig. 3(a)}
4@+ F1 2 F2 g&& 937 719 EFF vud Aolw, 3(b)9} 4(b)=
oluli=d 2709 HEFFH vmF Aot a9} Fo] FlelM & glucose?]
gdZFol 7HF =dou, FolX= galactose ol 7 =A UERTH
Glucose® 12 3l Zt A& mole HE A HEW(Table 1), FloAlE
glucosamineo] 7} 3o} 0.25%431, mannose 0.17, fucose 0.09, galactose
0.080]1 o}, F2ellX & galactoser} 7.282 7} E3t3l, glucosamine 1.06,
galactosamine 0.41, mannose 0.272 ZH¥ A GAGse] AR L HAF1

At

A719% A3 #¥ AAE GAGs &9
ey BAAAM 23 crude GAGse} 84S 3tE fraction 2(D2)E X

Table 1. Sugar, amino sugar and sugar acid content of
fraction 1 and 2 from Mideodeok tunic extracts

Mole ratio

Peak name Fraction 1 Fraction 2
Fucose 0.09 0.13
Rhamnose - 0.21
Galactosamine 0.09 0.41
Arabinose 0.06 -
Glucosamine 0.25 1.06
Galactose 0.08 7.28
Glucose 1.00 1.00
Mannose 0.17 0.27

- 155 -



wele s eeie g
@ I
s
88
b
-2
(18
A%S
Rmevintsd Binewdaed 1
e o .0 ass 25
T Ly T T ¥ T ¥ &) i ¥ T L ¥ d
(1] w Ee ] [ 1) % 109 13 45 wWo 93 Lot E14 L1 ] & a8 wa e wus wa ki
(2) (b)

Fig. 3. Sugar(a) and amino-sugar(b) composition of Mideodeok F1.
Standard: L(-)fucose, L(-)rhamnose, arabinose, D(+)galactose, D(+)glucose,

D(+)mannose, D(+)xylose, D(+)galactosamine, D(+)glucosamine.

P Mz -’:’:’ 'm§
=3 -] e *- At
3 " ;
4 2332
- Gocrion
6o
6 04 {i
234 25
PP & s -
s Do ww\i "—m«*{mwmm PRI
- Sy K an 2% ¥ D,
g% 5\ el S,x ?%ﬁ%v i {f‘m
23] i NEAYD AT A Vot G BT AUFAN
Harddaet Srpiapnesd
59 ; 1 + y Lo a0 , ey y y i
@ 20 46 $0 4B 198 Wd WD 186 R 86 2¢ 42 &9 &D D We e we W
(@) (b)

Fig. 4. Sugar(a) and amino-sugar(b) composition of Mideodeok F2.
Standard: L(-)fucose, L(-)rhamnose, arabinose, D(+)galactose, D(+)glucose,
D(+)mannose, D(+)xylose, D(+)galactosamine, D(+)glucosamine.
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F3 F%(7200 pg)eE A7)9%F ¢ die= Fig. 59 2t} Crude GAGse]
A% B¥F chondroitin sulfate A, B, C, keratan sulfate, hyaluronic acid¢}

Ha 35S o, A2 & Rf g& Btk D2 i3 PAZRYH F&2¢
G2 2 G3 i A& & Rf 3 vehdie EQo] EFF] Ue AL=E
et BYES FALES A3 fste opwixed Ealasigd
chondroitinase ABC == ACZ A3t 2% WA G2 &3 FA13 dH
& HYh

2] AAE GAGs9 & ¥ 31513 AE4

Ion-chromatography & &3 #2|d 3&9 384 xA4g¢%¥ di= Fig
637} 7t} Phenol-sulfuric acidel] 93t Fet431E 88 £ 45} fracton 1-&
1.7%, fraction 2+ 3.0% = fraction 29] 3¢ FEF3159] §3Fo| fraction 2
of B} 2ui7lF 2 A& & & Jom, LT hexosamined| F{Fe 74zt
31%%}F 9.1%, uronic acid®] L 2.0%$} 3.3%0|t} o]AL FELIE T
ol olu}, hexosamined} uronic acid’} H|#|F o8 ZH& fraction 27}
fracition 18tk E& 259 GASGsE &tz Yo, GAGsY
hexosamine, hexouronic acid®] FAd] 4zl A3y +4--AEL 717
sialic acid ¥4 43} fraction 12 0.5 mg%, fraction 2= 0.6 mg%h=Z A Z H]
<A ek dthe S Felstaoh

3 2} 7] ¥4 ¥ (nuclear magnetic resonance spectroscopy) 4]

Sylela clavel X 3%3 GAGs® 'H-nuclear magnetic resonance
spectroscopy(NMR) #AZ 3+ Fig. 79 23, o]E9 YA+ Mauro 5
(1995)¢] &3 W3] Table 20 YEMUY. Fraction 2v a
-L-IdceA-(2S04), a-L-IdceAe] E&AE A3 FTFUz Aoy,
Fraction 1914 £ %3 F-diE 7R 0SS &<l Fraction 29 &
F A B-D-GalNAc-(2SO» A H4, 5 69 FFUE AT 4 g
1, B-D-GalNAc-(6S04)9 H3, 59 &FFuE& FI¥ + oy O-sulfated
d9<2 4149 413 ppmol A A FFdE s, A7) AL gi
tt2 AL Ho|AW Styela clava®l Fraction 2-& a-L-iduronic acid-(1—
3)-B-D-galactosamine®] 7% 717 FAitdHFes AE &As4 .
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Fig. 7. 'H NMR spectra at 500 MHz of purified F1 and F2 on

ion-chromatography of extracted crude glycosaminoglycans from Styela

clava tunic. Purified glycosaminoglycans Fl1 and F2 obtained from the

DEAE-

6B column.

sepharose CL
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Table 2. 'H NMR spectra at 500 MHz of purified F1 and F2 on
ion-chromatography of the Styela clava tunic extract

Unit Protons 5314, pyrifglma Bossenpec  Pavag gy F2
a-L-IdceA-(2504) H1 5.18 5.16 5.16 5.14 - 517
H2 417 4.16 4.17 4.14 - 4,18

H3 421 4.20 423 4.32 431 423

H4 4.07 4.06 4.06 4.03 4.00 402

H5 483 4.82 4.85 483 - 4.84

a-L-IdceA H1 4.9 4.88 4.88 4.90 - 494
H2 353 351 3.53 352 3.51 351

H3 3.9% 3.90 3.90 4.06 - 4.06

H4 4.10 4.10 4.10 4.06 412 4.06

H5 472 472 4.72 4.80 479 471

B-D-GalNAc-(250s) Hil 472 472 470 471 471
H2 4.02 4.02 4.05 - 4.02

H3 4.02 401 4.03 4.00 4.02

H4 4.65 4.64 4.69 4.63 -

H5 3.73 3.80 3.80 - -

H6 3.73 3.79 3.79 - -

CH; 2.10 2.08 2.08 213 212

B-D-GalNAc-(6504) Hi 4.64 463 460
H2 402 4.00 4.02

H3 3.86 - -

H4 4,15 412 4.13

H5 3.86 - -

H6 415 412 413

CHs 2.02 2.00 2.02

®This results refer to Mauro et al.(1995), °results refer to Ferro et
al.(1990) and ‘results refer to Mauro et al.(1998). “The purified sulfated
glycosaminoglycans each of styela clava fraction obtained from the
DEAE-sepharose CL-6B column.
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[

BFFEE 3l 121ColA 2412 71838l F&3 thE Brix 1571 HE
% %% O AReE s1od AW ARE HPLCZ 24312 o
chondroitin sulfate A, C¢} TU3F EAA17HE el o] chondroitin sulfate
9] &7 71eAS YeERYh Ion-chromatography & 53l 2719 RO =2
23, a8 FEL metachromasia (hexouronic acid)®} carbazole
assay (sulfated glycosaminoglycans)@ #1&t{ct. Z+ &9 &S Flo
oF 60%, F271 40% 2 TAHS A7|9%5 L £3ld chondroitin sulfate 7} ]
d P2 SA8ls A A A F1o e vf$ @%1, R2e ¥3H
53 Ao E JYENT o]l FE7F ¥2 F2v keratan sulfatelt} EX}&
o] A& Ao Z eyttt Phenol-sulfuric acidol] 1§ Fe43lEds B4
AT F1& 17%, 2= 3.0%% F29] AS EusEo] daFo] F2o H|F 2
W7tE 22 A& ¢ 7 ANeH, EF hexosamined] FFS 2+ 3.1%9)
9.1%, uronic acid®] ¥ 2.0%9 3.3%°]At}. GAGs9 sialic acid 414
7} F1& 05 mg%, F2& 0.6 mgh2 AMZ HxsA &/t AAd. F2&
a-L-IdceA-(2S0y), a-L-IdceAe] &AM E 73 FEd=E A3t oy, Flo
AMe g FdE AL JeE #Qsdd. F28 FdidA B
-D-GalNAc-(2S0)°lA  H4, 5, 69 FFdg HIAZ 5 glow, B
-D-GalNAc-(6504)¢] H3, 59 FFUE AT 4+ gloy O-sulfated FY
Ql 4.14% 413 ppmolA A3 FFdE EddAH. 4] AEe i o
& AL Ro|XW Styela clava® F2= a-L-iduronic acid-(1—3)-8
-D-galactosamined] 7% & 713 GAGs& = A& &AsHth
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Al 10 A M Eol| ti vE Y GAGse| AE54 a3

A&

HT x3tE BIES AZHALEG, AEAAZEE, & £ 4F Aud
o FE Aol AL ZIdgdE Aol ¥rE K THAmes et al, 1993;
Totter, 1980). 123t &/34AE ZAHT 5 Ae FAsA 9 Mdd AT
o o #Be BHol F¥FH: Utk Superoxide anion radical, hydroxyl
radical, singlet oxygen % H,O, 59 &AAitA = 4HslE o] of- 73ly] o
gol QA Wl AAHNA Zaw Hsh 2E8xE FuebA 0 (Ames,
1983), oleld 48 AEdAE AARNNE FESGT wud, AEw »
DNA 5¢ €444 ¢¢ MED toe 498 fUste Aoz delA
o (Ames et al, 1993), Qian and Buettner(1999)¢} Wink 5(1994)2 AA}
AgAol P8 i} Fe'7l ztzh fasigadte] whgo] ofsfo
Wl o] E4ETT B ST,

227t Qurdez HE o 4% 3t 3% 29F EHE D
AE phytochemicals&} i E2l& o8 7154 &S] ¥g=Ho] Utk ol
3t phytochemicalse ¥HYdd 2L 8 pro-inflammatory Ao 2]3] A
=¥ NF-kB 8432 JAA e A2 22AH UtH(Youn et al, 2005;
Surh, 2003; Zingarelli et al, 2003; Youn et al., 2006). Cytokine-cytokine
Z A8 A pro-inflammatory cytokine(IL-18, IL-6, IL-8, TNF-a %)%} anti-
inflammatory cytokine(IL-1 receptor antagonist, IL-4, IL-10, TGF-8 &) t9
TFol AATH F4, AR T4 2 AFEGuEY 53N 4
St} (Turrin and Plata-Salaman, 2000). 9FeF pro-inflammatory cytokine¢] &
=7} £7}5 1, anti-inflammatory cytokineo] A2 zH&3}lA] Esle od
@AM e 9SS H AE SANEo euA He o2 s A7
3 2 AT FA4LS /LA "ok

3 ¥ E(Kamiya et al, 1987)o]y} HAF(King et al, 1981) T3
AIEZEY 3 245 vz ¥ ¢ Y8y aqd & A3t
olE€ ¢ AEY EHxaWolu & ds AT VA EFE ol&InA
e xdo] ALHL Utk @A B ATdAe GAGs £3E°] iNOS,
ICAM-1 ¥ VCAM-1 § @58dEAA mA e & ZABII-

>
e

flo
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AR 2 W
A s
O Y(Styela clava) AE FE2EH 272 ALEE W A(Halocynthia
roretzi) ZAZRE EZH glycosaminoglycans F-& 6Ho] JdFd Wy
o gt FEAAst APl AHEsIAT

JB-6 A X5 o] 83 7]6A EAdo] g5 v 9

AANA EEE 7158 EFY Axs4 A1FS HASAH. Alxdd &
THE Vs EFE AT F Holde AEY nEZEZo YR 2017}
A violet salt® Ast= MITE Azlsty Aolsles MEY H&S FAHE
2= QlE MIT assayS A5t 96 Well plated] 1x10°/well &) =2 A
¥E AHEH F oed Jisd EES v dEE Asidth 2443
incubation ¥ E AXEd A7 22X & v AE A A DMSOE
Abe8te AEE L3421 ¥ microplate reader® ARE-3dled 540 nmol A
OD & &334

NF-xkB plasmid constructE o]-&3 A FAHE A

7154 EZES NF-«B plasmid construct® ©o]&3F ZGAMXE *]?j% A
Alste] ZF 715 BRSO % AATGA M MEW NFxB £FHsts
g & vk FHAME(B-6)9 NFxB 3 aALE o83t YA Edx
AR F dFEL AFL AAEETh AEE 5x10°/welld] 2 24 well
plateo] HZF3 3 t}Sd NF-kB plasmid construct® FuGene6 E A XA
AloFE ARGt AEUE ER2HH AFTE 2447 wgE F V154 B
A& MAEATE A 24A)7F v g T HjAE A A F PBSZ 2% AlH
3lal A EZE3] FFHS AMEste] AEE LIAIFHY FAI LA F
7tz FL3 F9 AEE 35 luminometerE o] &8t WFEL BA
< SA3A

i

iNOS, ICAM-1 ¥ VCAM-1 5 g93AEQAd v)x+= Y3}

NF-xB 2 NF-xBd| 9J3] ZA=E+ thF 3 < iNOS, ICAM-1 ¥ VCAM-1
T @5uddA vXe 9F HAEAT TNF-oE ©]§3te d4F5S f¢
gt N EFO 7154 B4 At & Mxys Axde sl Western
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blote. 2 X&) o] NF-xkBS W3S #EAFHYS B ol iNOS,
ICAM-1 2 VCAM-1 @uizlo] vl wsle Q'O]G}S’ifl]- Z, 75 cm® HE
gzl AEE et JAF=rt 70-80%7F HEE @ F s ERE
A A8t 24X v F A E A AStI PBSE M EHE Fof] XL
HFAE o]t AXE GIAAHT AE LAES PR AEF
g AT 45 B FPoko] Bradford WHE oS3l WA Hg
XA A & UL o AEE SDS-PAGEZ @ujd EIPE A
3+ & nitrocellulose membraned] o]43le X3 F iNOS, ICAM-1 2
VCAM-1 datgA 9} wt-g-A1Zlth. HRP7} 293l® o|xaA S r,m 312 A]
Z1 ¥ Enhanced Chemiluminescence(ECL) kit& A}&3lod w¥H&A]Zl & LAS
3000 FFA=71E AHE3le] @ FIAFTE FA3H -

dZuk3S A3 p38, INK, ERK UlAlo] A o] dufd wisl A}

| & ZAHSE p38, INK, ERK thAteA Fag Z8g dodle
S de] WEE s AMEF Vlsd EFES AT T AEAA
G A& FZ3t] Western blote 2 p38, p-p38, JNK, p-JNK, ERK, p-ERK
W32 39t 75 em? AXE ujdr)d A XS wkstd A Es} 70-80%
7} HEE 3 £ 754 EAS AASATE 44T wjge & i E A A
81 PBSZ M AT Fol ATE B34S olgstel AEE SAAAC A
¥ gES d4Edsd MAxsE *113]55} 23 wg F3EY
Bradford W} & o] &3l @wid HHY % AT A F 9 G
A8 E SDS-PAGEZ ¥z BglE 2AA)8 & nitrocellulose membranedi
gstel AR § A6 A BEART HRP FAHE 0)2H9
AE t}A] ¥H8A)Zl ¥ Enhanced Chemiluminescence(ECL) kit& A}-&&te
WrEA1Z1 F LAS 3000 9485718 AHEste @A dHPEE FASA
o

NF-«B¢] 8 yj2e] Ao|xA}

NF-kBol] t$t immunohistochemistryE ©]-83F NF-kBo] 3] 29| A o]
£ gRlatith AxFo 71%4 EFS At F NF«B gAE o] &3td
AEW NF-xBe $1x8 FBoz gelsqt. & AXd 7154 E2ES A
g F 24A7F viggE Fo 4% XTELH = WEEE 11438t NF-«xB
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S WeAZ F olAFAZA FITC/ B FAE A1&stad TAl w8
AR WBAT AL ALt Aol e NFxBe) 928 e

A3 2 22

AR fFasx9 44

AR FEFEE AR A5 AN oy AR 228 A
4 BAY Ax=s4d AEY Zde vgY 12 73 mg/mL, ¥HY 2& 97
mg/mL, v]8Y crudex= 7.0 mg/mL, A 1& 6.7 mg/mL, ¥A 2= 7.5
mg/mL, BA 3 67 mg/mL, WA crudex 4.6 mg/mLo] ICs & 4H&
SHATHFig. 1-7). ol} 2& ZAAE ugo= HAHY ICx9 1/10 =&
7|#22 Z+z} 075 mg/mL, 15 mg/mL, 20 mg/mLe] FEE A&}
NF-kB #3339 Ad& A3t NF-xBe| &4& A 1 47 075
mg/mL, 1.5 mg/mL oAM= vidg 1, vltyY 2, WA 1, ¥A 2, WA 394
TNF-ao] ¢J3ste] F71E NF-kBo] A4S AR X3te AL FA3AL
™ 2 mg/mLo|A NF-xkBe &Ao] HAHE FHE AT F AUt BA
crude, 7| Y crudee ICs9 1/10 F=<] 0.75 mg/mLolA] TNF-a¢f 2]}
o §=¥ NFxBe] 842 o 271 A71E A2 BAsthFig. 89)
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Fig. 1. MIT assay treated Halocynthia roretzi fraction 1 in JB-6 cell.
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Fig. 2. MTT assay treated Halocynthia roretzi fraction 2 in JB-6 cell
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Fig. 3. MTT assay treated Halocynthia roretzi fraction 3 in JB-6 cell
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Fig. 4. MTT assay treated Halocynthia roretzi crude in JB-6 cell
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Fig. 5. MTT assay treated Styela clava fraction 1 in JB-6 cell.
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Fig. 6. MTT assay treated Styela clava fraction 2 in JB-6 cell
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Fig. 7. MTT assay treated Styela clava crude in JB-6 cell.
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Fig. 8. Dose response of NF-kB activity treated Halocynthia roretzi
fraction 1, 2, 3 and crude in JB-6 cell.
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Fig. 9. Dose response of NF-kB activity treated Styela clava
fraction 1, 2 and crude in JB-6 cell.
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2.

voly HAdqAM 3 GAGsY MEEAHS AES A3 gy 1& 73
mg/mL, vdY 2= 9.7 mg/mL, ¥]t]lg crude= 7.0 mg/mLe] ICs e
Btk ol uigez HA A ICo 39 1/10 558 71F2o2 Z+zt 075
mg/mL, 1.5 mg/mL, 2.0 mg/mL%] F=E& A}l-&3le] NF-xB ¥FFHAHAS
AR 2 A3 2.0 mg/mLe] FE4 A NF-kBS #Ao] dA=e Ao
2 Yesy. A XA el NF-xBe] &3g @& A3 NFxBe 3 Y=o
Holg AJAlste A2 Yeigen], dF#d AdAY iNOS, ICAM-1 ¥
VCAM-1 59| W3tE zAMe 23 vty 13 HA 3 A8 @9d i¢d
< A3l ALE YT dF9HsS 2-Hde p38, JNK, ERK tiAls}
Fol Ao @ ¥MslE ARG A7 p38, p-p38, ERK, p-ERK, p-JNK¢]
doll daide FEol Ao INKe Hdde vYy 13 PA 3 A8
A ARE e AT

- 175 -



A 11 A vty 4A2RE 58 GAGs TPAC] 93
Y P2 WRGZ] vXE 9T

X2

FHZT Aol oaE HAEFS F5ES AW AGAY TS 2T ELS 2F
A ¢ AgPS =RA3srir FHoH(Li et al., 2005; Tan and Coussens, 2007; Arias
etal, 2005). 9% ) 2o o} A NF-xBekiL s} wujdo] o} 228 482
e Ao g ¢4#& o). NF-kB= AHAFRIX}IZA] COX-2, VCAM, iNOS 58 X
33 e B F < 45A4 2 wE-S %743 (Karin and Greten, 2005), ©] &
3 dzARTe o] APt Aolol YolA 23 482 Irhn Bk wepy
NF-xBS] 8A4& AdAete AL dF2 187 & st oM wl¢- F 8
& 9]9)7} Q1S Ao2 Az H} AA 2 Matsumoto(2005)5-2] A 7@} 23}
@ fsh Eulub o] NFxB AsiAl 32} Al ghel 482 Aol A A8
Gt gt} et FH ol J A QA NF-«B A g s B2 471
& 5] 1 21t} (Nam, 2006).

GAGst 7HA7F 8l 7 9d9F Al¢2 ¥ polysaccharide chain® 2 A]
BSE5AAAS} Aistd AGA2FAA T3 FEE st AR g
A HCripps et al., 2005). 2]y} Gl o]A GAGsS T3 FYFF EAHA
2942 WA U S0l B8 ATE oFF Ak Bk ¥ A7 vHE, A Ao
A 2% A GAGsE o] &35t o] o] AR HF rlA& 2&S 93t A
A AT

OXl

) N

Az R I

As

Glycosaminoglycans(GAGs)+= ¥t & (Fraction 1), ™ Al(Fraction 3) 43I =
By Egl® AL ARSI 12-O-tetradecanoylphorbol-13-acetate (TPA)=
Sigma-Aldrich(St. Louis, MO, USA)el| A, p-Akt (Serd73) &A= Cell Signaling
Technology(Beverly, MA, USA)d| A #1312 ¥ 7]E} Werstern blot € © Y
M-8 Yz} A= Santa Cruz Biotechnology(Santa Cruz, CA, USA)dl| A <)
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3l At} 23t 84 = Zymed Laboratories(San Francisco, CA, USA)ol| A -9 3} 4
o

NAEE 2 AT 4

FTEAETEAN YT 5589 43 ICR vl9-25 AP ALE3A
NPEE thZF(Acetonedt A7), TPA ], TPA+1 mg GAGsA &, TP
A+2 mg GAGs A2 Fo2 Y¥ren nf Aade A viage nferg 7
A= At

S L A Ay

ARAE o83ty vhe-2 §F FE9 HE 7Fo] AAT F 34zt F
€ 7|12+ AXY. TPAE acetoned] 10 nmold] 5 & R3]A|H AML-3ch
GAGsv S7/5%°] 100 mg/mLe] =2 83A1Z1 & t}A] 200 uLe] TPAE
ol 3|AZAT (1 mg GAGs/200 pLe] TPAS} && 2 mg GAGs/200 i
Le] TPAE9). GAGs7t 3719 52 FH71E A @& TPASYS 200 uLy o
S AAG FJFd =E&AFen 4 Fo AR ZAS AFH3I}AS dRT
2 200 pLe} acetone%t A &3}

Western blot 4]

Rz Fo F G2 Hwang 5 (Hwang et al., 2007)0] K313} vl o 2]
8 #2321 32 Nuclear Extract Kit(Carlsbad, CA, USA)& o] &3t 333}
Aot &3 @9 A& Bradford kit (Bio-Rad, Hercules, CA, USA)& o] 83} &
Fetdoen 30 upge ©HAEL FH3le SDSPAGEAA HANFAEE F
nitrocellulose membraned] Z©]3} gl @l 2 o] A o]H membraned 5% skim
milk2 g A7 F DA & 13 A E B 4T A &=t Fe kg AR
. thed 24 AT WD ALdA 37 wgAY. vud Wse
luminescent image analyzer LAS-3000(Fuji film, Tokyo, Japan)&- o] &3} <l
&t

HdH

W HFEZ22E 10% T2LY] st 4 um FA 9] vetd AHE HEJG
BN LS A3t FHL xylenel 2 2t & AAT F ¢FE o] &3t 25
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£ A3 F2ev 3 % hydrogen peroxide(AppliChem, Darmstadt, Germany) = 30
B2t x2)st gt PBSE AL thL 5 % BSARE 424 A4 147t blocking 33t}
4CoA 329 < 13 FAE €2 F 32 HRP-conjugated antibodies
(1:50) 2 -2 A 3A1 2 ¥E-g-& A F o

TAAE

2 E A& Student’s t-test(GraphaPad software, San Diego, CA, USA)E 9]
23l EAXEE 28O meanstSEFE| 2 XA FS SA A p ghol
0.055T & Al BA A A {24 2ol7} de A2 dastt

A% 8 13

ngyggdd A 558 GAGs7l YR QZ v 4%

o g4 Ao A 2%3 GAGsE TPAY 93] 4 E5& VCAM, COX-2%
HZEAAe] Lo olFdA JFE vXA ZFPOm(Fig. 1) FFLA U
oJX F23 FEL s B NFkBY o 29 o]k JA3A £
thFig. 2). WA vty HAA 523 GAGsE & FAREZF &go] &
& Aoz Agdrh

PA AAoNA FE2F GAGs7t 45UAL] dH A= IF

VCAM3} COX2& TPAXZ G o8] FEd: HEA AFAAZA 6t
$-2 FRzAoA TPAAE 4A7 & AY Bo] HHAHChun et al, 2003;
Osakabe et al,, 2004). w&tA] £ A@AM = TPAXE 4AL A3 & 3R-zx3
S A F3te] Western blot?} W FM-g Fsld VCAMF COX-29] THYFY
FAsAT. A2 TPAY Ae tzTo Bl VCAMT COX-2¢ 3
F94 A F7HARHLH TPAY 3 f=dE d5UAEY LIS
GAGs?] AHFd 3] 24 JA FAHAT = ol GAGse EF
A 48 JAEGE AYsred HHde Aoz JebkdthFig. 3).

tlo o
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Fig. 3. Inhibitory effects of GAGs extracted from ascidian tunic on
TPA-induced VCAM and COX-2 expression in mouse skin. Mice were
treated topically with TPA(200 uL of 10 nmol TPA dissolved in acetone)
in the presence or absence of GAGs(1 mg or 2 mg). Control animals were
treated with acetone alone. (A) Western blot analysis of VCAM expression
in mouse skin. (B) The bands-of-interests were further analyzed by
densitometer. (C) Immunohistochemical measurement of COX-2 in the
mouse skin. Dark brown color indicates the COX-2 expression(original
magnification, 400; Bar, 100 pm). (D) Comparison of COX-2 labeling index
in the mouse skin. COX-2-positive staining was determined by counting 5
randomly chosen fields per section, determining the percentage of
DAB-positive cells per 100 cells at x 400 magnification. * p<0.05,
considered significant; **, p<0.01 highly significant compared to control. *,
p<0.05, considered significant; **, p<0.01, highly significant compared with
TPA alone treatment. (meantSE, n=3). CON, control; TPA, TPA treated
group TPA+GAGs, TPA treated mice in the presence of GAGs(1 mg or 2

ng).
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A ZAAA F23 GAGs7} NF-xBe] A3} A= P

VCAM# COX-2¢] 2&8-& NF-kBol| 93] A5 NF-kBE IkBadgle &
WA Agsle] A XA w3 AejE EA3cHSurh et al., 2001). NF-
kBE IkBav} Q2k3l5 o] E&E u) complexZ2RE WEEHo| o g o]Fs
o8 7HA] dFSAAEY LEE xA3}A doi(Karin, 1999). A|PAHE B
A HARAANA F25 GAGse| A+ TPAd o3 =5+ IkBad] AL
glo} BaE AT oZN NFkB p65e] oz olF5g dAste Aoz
LHe sk o} (Fig. 4).

PA AANA F53 GAGs7} IKKe] @A) v 4

IkBao] ¢14tsle} Ealle IKK#arshes IkBag] Flolulzd] o] A HH
IKK9] &/ IKKBE| g14tslol] o] &gtth(Karin, 1999). ki £ Aol A
© GAGs9] A&7} IKKBS I4tste] mixle &S ZAMIAT A3 45
GARAZRE 38 GAGsel Hle TPAJ 98 fxsHe IKKBY A4
32 F&Fo g Aaste Ao g JYelyti(Fig. 5). '

WA AANM 23 GAGs7t p38e] A3t nAE 4

MAPK p38 9] Zl31 3= E4E NF«B A1d3& Ao zxH VCAMY
COX-29] HEE ZA-Hs= 8% DY FHo|tHLin et al., 2007). Fig. 39 A
2 & 9E ANY GAGse et p3se] ANsE AAFOZH TPAS o
g pase] BASE FRHo 2 U CHFig 6).

AA ZANA FZ3F GAGs7} Akt Qslo] v G

NF-xBe] A3 GFUAAE9 L Aktzn 3te @ g sz
ZAAYE Rt YrkKane et al, 1999; Romashkova and Makarov,
1999). melA] £ AFAAME GAGs7t Aktel]l PiXe FEFS FU3A T} Akt
o] &AslE7] YalMe A4tsrt =ojor sted GAGse A+ Akte] <
2e s gAIFgoZ A TPA 9% Akte] &S A3 th(Fig. 7).
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Fig. 4. Inhibitory effects of GAGs extracted from ascidian tunic on
TPA-induced NF-x activation in mouse skin. Mice were treated topically
with TPA(200 puL of 10 nmol TPA dissolved in acetone) in the presence or
absence of GAGs(l mg or 2 mg). Control animals were treated with acetone
only. (A) Western blot analysis of p65 protein level in nuclear extract
from mouse skin. (B) Densitometric analysis of p65. (C) Western blot
analysis of Ixa and p-Ikaexpression. (D) The bands-of-interests were
further analyzed by densitometer. * p<0.05, considered significant
compared to control. ¥ p<0.05, considered significant compared with TPA
alone treatment (mean+SE, n=3). CON, control; TPA, TPA treated group
TPA+GAGs, TPA treated mice in the presence of GAGs(1 mg or 2 mg).
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Fig. 5. Inhibitory effects of GAGs extracted from ascidian tunic on
TPA-induced IKK phosphorylation in mouse skin. Mice were treated
topically with TPA(10nmol 200 pL acetone) in the presence or absence of
GAGs(1 mg or 2 mg). Control animals were treated with acetone only. (A)
Western blot analysis of IKKP and p-IKKB expression level in mouse
skin. (B) The bands of interests were furtheranalyzed by densitometer. *,
p<0.05 compared to control; ¥, p<0.05 compared to TPA alone treatment
(meanzSE, n=3). CON, control; TPA, TPA treated group TPA+GAGs, TPA
treated mice in the presence of GAGs(1 mg or 2 mg).
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Fig. 6. Inhibitory effects of GAGs extracted from ascidian tunic on
TPA-induced p38 phosphorylation in mouse skin. Mice were treated
topically with TPA(10 nmol 200 uL acetone) in the presence or absence of
GAGs(1 mg or 2 mg). Control animals were treated with acetone only. (A)
Western blot analysis of p38 and p-p38 expression level in mouse skin.
(B) The bands of interests were further analyzed by densitometer. **,
p<0.01 compared to control; *, p<0.05, **, p<0.01 compared to TPA alone
treatment (mean+SE, n=3). CON, control; TPA, TPA treated group
TPA+GAGs, TPA treated mice in the presence of GAGs(1 mg or 2 mg).

- 189 -






Fig. 7. Inhibitory effects of GAGs extracted from ascidian tunic on
TPA-induced Akt phosphorylation in mouse skin. Mice were treated
topically with TPA (10 nmol 200 uL acetone) in the presence or absence
of GAGs(1 mg or 2 mg). Control animals were treated with acetone only.
(A) Western blot analysis of Akt and p-Akt expression level in mouse
skin. (B) The bands of interests were further analyzed by densitometer. ¥,
p<0.05, **, p<0.01 compared to control; *, p<0.05, **, p<0.01 compared to
TPA alone treatment(mean+SE, n=3). CON, control; TPA, TPA treated
group TPA+GAGs, TPA treated mice in the presence of GAGs(1 mg or 2
mg).
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dZe o3 YA #AAY} Ue Aed RaET UchHArias, 2005).
2o A7AFAd otd VCAMI COX-2¢F 2& FFUAELS 9
Aolo A mle a3 4L e Aog HuHI ok oA o
23 4FAAEY dEAE 9% 2 ¢ oﬂﬂoﬂ AAA FaF Z}%—~

ALE AREG. £ A43¥9 AAE ST Y HA FAAREYH FE2
GAGsE p383} Akte] pathwayE ZAH3to 24 NFkB 432 sty
TPAd] 9§ VCAM3} COX-29] @S oAstych et HAZEE F&
gt GAGsE HAHA FEF ANEAZ ML 5 AL Aoz AlgdHn.

—E'_?&
[
[#3
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al
=

A4 RS EREE el 719

L Q70E 53249

ey 5 R AEERE 2 QA 715HEE AP FHe A7AEAMY

o] 37} Aol i EREHEE Ueh Tk

T & 2 ¥ e EFgAE
1& |o vlEY A 54 o s} o Fislg =y
G | A4E gtz eole M4 - 100%
2 2 gakslgAg AR
0 2y
0 |o S 24HE JFAEZY o FFEAY Eg o AAYHZAA
4 e 2 AA AAH] A | - 100%
) lo ﬂl‘ﬂi ) 7§€°ﬂ gHd o Bloassay 4 84 o AEAY
7Is4ERY £y ¢ 239 - 278
%Zﬂ 0 %WVJ—E—QI 24 o IR EY
o MY 3 ES B4 - 100%
22} lo 715 BA dF £, o AFAAYHY F o HFAAAF
de | A £ BEuye] g | A - 100%
(2 oAy & 2 AAZEY B o FaEAY ¢HAA o A L AAA
0 9 7% "* 229 AHA | ¥ A - 100%
0 A5
5 lo gAAEAY FxEY o &%) Av A o FHYEY F=£
) 2y 74 =3 - 100%
o FFRALE AT F571€o IS At o 2T 570
2 AAA Hr} Z37E - 100%
o AIXAYES 53 Hr} o MXAY Al && |o £84
A - 100%
0 7154 &oJAlgS] /I o °J°1A}§.4 Mg o JFAIR 4%
(4°l) - 100%
32} o AYFTEEDE o]8F o §5EEFHY F o FEHIA(EF
WY | in vivo A8 A 2 AFPA A A)) - 100%
2 |o A 549 85 o Adas ¥ Wy o AgEFH1F
0 A% HA MFEA i Wy g 3}-w] o}
0 s o W] tigh A |o X5 A}
6 s 539
d) o HAFREAY B8t o dAFRY UF o AdgR(XVR)
&S st FARML A4k - 80%
0 71543 AR Y M o AR Y Y o /AR 4F
($-8) - 100%
o vty FEEE 0|83 o 7|1TAEAY AlAl o AAFE 2F
71543 AFY NEGEE) & *M} - 90%

- 193 -




2. ANE 7l e V9=

71544 E(Nutraceuticals) 4] §78 wlol 2 AFS] shtolch 2084 @A) oF
z, DARZ B ISHAE Sol AAAE die 16009 2 FEE F4Ea 9l
or] 2008dEelE 20009 BeiA SoiE Rez ATk o7l FTAF @
(RIS} hASloke TFKe k2B ook (herbal preparation)o] T 48
7 27 FASEA B 23 U} F1Ee] BHRE NS o 0% AT AL
2 1953 ok

AR, AP wHe] 58 JUPRe Wl U 71EHA Aas s
for, BgY & % Aol gasel ke F=elxol=e U Fe Aoty
F Ak & % A FHE FR2eolse] FUskEY WAE Fajel vlrise)
HAZT Fold BYNES] GUL AT & glol AF WY =58 AINY =
e AHE glomz gy Avld BYHE VI & Ae 4WY 2AS 7
ek oele] FE B, YR, TN YA 7HEHE GAGsS] 2AEFS Uehd
A0E N2E 2A4E B7] A% xo] ojRolAm Itk meh B A7 JEe
2459 So] mE PAEA} 2 Ao dAR:

A7 L WE AFAETHe Flelz
0 F]ATZHE GAGs FZHAl |- o] WMZIE GAGse AA 7%
(HFE2 dEo28H +£99)
3o T MFEZRE GAGsE FE23A |- 94 HAZRE GAGE % F
Z1eMNE Aste ZeNE

(ArdstEln X 23
- B = Ao A Ao

7He & FRAAM GAGsE F&

_ A&t ol
=R =1
S Sﬁ."i—v;?‘f &8¢ GAGs] - Z)up3lol A 2,0009991/d
F2 4 38 o)
- AANSAE, AE, AGF
d8E #4834
- F2 IHEES A3 GAGs
= [0 2, A, Y FAEZRE Eaiiﬁiiq we
TH| GAGsE 22 ATEE e
= T - HZ Aoy § Aoz 98
gro oj2ge A UF
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A 5 ANEEaste] &8AS

1. Z71479] BaKy

ofFl hgslo} A FolAk NBE AY FA AN S @ A 4F
o B, BEY, FT, YAZ Puloleds L W2 A5 wS R BYS
AR Ao oA Aok 2} T GAR A5l U AT A8, 5
AAIZ o| BeEe) A&7t AXROIA ol®l FPe AA o sso2 Ueht
el i Q77 APAEL o18F A2 AFNLS WA kS Fashl o
oo} & AT Hololth FlsAAIEe) AT HEH ]t A7 ASHNE
o) At TiEo] ool ghom AMA Pl HFe) NsEE vzt 3
olw, oleld Z®o] YT NS Wolmee Fa% 2902 Ao} %
o

Pltie AA2RE $& AP GAGs A¥e] 727h HHAT B 7AY 7154
o WY oSS Fs4AEe AR TS FANE SoIN AFH A
A3 o we 4538 20 vivo) R FELU(n vito) S Flel FFY Ravt
AT 7EHE eTHE FRUYS QU FYs] A F71A7E St
of pilot plant 5] FAAAT AR Yelo] we] © F BYYR HPAY
o] o T2}  ROZ AR

RIHE 743 Al BASe Aol B RAG 23t olFe] Alme] Y
WigtemA Hiolezel e AYUS PIANYOEA AR AHEARS] BEol
Fsd Ao BYsHYon WPUYS F YA Baslolof Bek. Tl
Ae) S Thgel ojulis) Bl weERe WSkl gt IR YA
vlge] iAol SO R FPNG A pilot AUE FF NAE GO
2 ojnEe] &5 798 gkt 202 Vehgok

2 B A7ole] &8

g vlol At MAAIRE ATt 0PE FEolAR, vid Fuld Frteta Q)
o} sfekaAlol A AlE3) AFTEL 1/600002 S/AFAIEAA] 9] 1/130008 T F Hiv}
Formg 7o S £5S & & Atk 7S 1EAED ISR Fol 9]
n) AE3E AT, Al 7154 vAET Bhol tie BT 2] 33D gt
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B 7oA 850 Fusid B4 Ay, FHERY A R 7= F
b, FE|IA=EEREY A R 72 SN, 71sAEERY] FE ARy

3
Se Aze APBEel SIS PAsEd S50l stk wekd viag A2
SN $2HAD CAGE B3 HU4BALL MSIT AMY = JE AB)
ALE 92 71177 Pasith Wt ohleh $4HE JHE A WASRe ¥4rgo]

irEel Jde 7IsdEde F& R A Zieridel &8o] 7Fssith

3. 713} FHet
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