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SUMMARY

L. Title
Anti-diabetic and Anti-cancer effect of sea tangle and development of food

product with sea tangle

IT Purpose of Research

1. Examination of the effect of sea tangle on the diabetes mellitus

2. Examination of the effect of sea tangle and fucoidan on the liver cancer

3. Examination of the effect of sea tangle and fucoidan on the breast
cancer

4. Development of food product made by sea tangle and examination of

antioxidative effect and quality characteristics
Il Content of research
1. Examination of anti-diabetic effect of sea tangle
1) Effect of sea tangle on the insulin level in diabetic rats
2) Effect of sea tangle on the blood glucose in diabetic rats

3) Effect of sea tangle on the lipid metabolism in diabetic rats

4) Effect of sea tangle on the renal oxidative stress in diabetic rats



2. Examination of protective effect of sea tangle and fucoidan on the liver

cancer

1) Effect of sea tangle and fucoidan on the hepatocellular carcinogenesis
in the rats

2) Inhibitory effect of sea tangle and fucoidan on the proliferation of
HepG2 cell

3) Effect of sea tangle and fucoidan on the metastasis of HepG2 cells

3. Examination of protective effect of sea tangle and fucoidan on the

breast cancer

1) Effect of sea tangle and fucoidan on the carcinogenesis of mammary
gland in the rats

2) Inhibitory effect of sea tangle and fucoidan on the proliferation of
human breast carcinoma cell lines (MCF-7 and MDA-MB-231)

3) Effect of sea tangle and fucoidan on the metastasis of human breast

carcinoma cell lines

4. Development of food product using sea tangle

1) Development of food product(cookie and Maejakgwa) made by sea
tangle

2) Antioxidative effect of sea tangle and quality characteristics

3) Antioxidative effects of sea tangle solvent extracts



IV Result of research

1. Anti-diabetic effect of sea tangle

Serum insulin was increased by dietary supplementation of sea tangle in
the diabetic rats. Blood glucose levels of diabetic rats supplemented with
dietary sea tangle powder or water extract were lower than that of
diabetic rats fed control diet. Dietary sea tangle also reduced serum total
cholesterol, LDL-~cholesterol and triglyceride in diabetic rats. Hepatic lipids
were reduced and fecal excretion of lipids was increased in the diabetic
rats supplemented with dietary sea tangle. These results indicate that
dietary sea tangle decreased blood glucose and improved the lipid
metabolism in STZ-induced diabetic rats and this effect might be exerted
by increases in serum insulin and fecal excretion of lipids.

We investigated the effect of dietary supplementation of sea tangle on
the pathological scoring of diabetic kidneys in streptozotociﬁ(STZ) induced
diabetic rats. However, dietary supplementation of sea tangle did not play
a role in pathology of diabetic kidneys. We also investigated the effect of
supplementation of dietary sea tangle on antioxidant enzyme activity as
indices of oxidative stress in diabetic rats. Sea tangle supplementation had
no effect on plasma creatinine level. Dietary supplementation with sea
tangle powder significantly increased activity of glutathione S-transferase.
However there was no significant difference among the experimental
groups in renal malondialdehyde levels, a marker of lipid peroxidation,
and the activity of antioxidant enzyme(GPx and GR) in renal tissue. These
results indicate that decreased blood glucose by increased insulin is not

linked with protection against diabetic kidneys in the diabetic rats



supplemented with sea tangle.

2. Protective effect of sea tangle and fucoidan on the liver cancer

We examined the anti-cancer effect of sea tangle and fucoidan, in vivo
and in vitro. First, in vivo anticarcinogenic effect was examined to show
the preventive effect of sea tangle (powder, water extract) and fucoidan
on the hepatocellular- carcinogenesis. Food efficacy and liver weight/body
weight were not significantly different among the groups. GST-P+ foci
were expressed in the liver induced carcinogenesis by DEN and PH.
Dietary sea tangle decreased the frequency of GST-P+ foci, TBARS
content, and activities of GST and GPx in the rat liver induced
hepatocellular carcinogenesis. Water extract of sea tangle was most
effective in decreasing the frequency of GST-P+ foci. Fucoidan also
decreased the frequency of GST-P+ foci, TBARS content, and activities of
GST and GPx in the rat liver induced hepatocellular carcinogenesis. This
result suggests that dietary sea tangle and fucoidan suppress the
chemically induced hepatocellular carcinogenesis in the rats.

We also determined the effect of water extract of sea tangle and
fucoidan on the proliferation of HepG2 cells. Both of water extract and
fucoidan inhibited proliferation of HepG2 cells dose dependently.

Finally, We analyzed the adhesion and the activities of MMP2 and 9
of HpeG2 cells to determine the effect of water extract of sea tangle and
fucoidan on the metastasis of HepG2cells. Both of water extract and
fucoidan didn’t inhibit adhesion of HepG2 cells at the concentration of
50pg/m¢ and 100ug/mé . MMP2 and 9 activities were not affected by both

of water extract and fucoidan treatment.



3. Protective effect of sea tangle and fucoidan on the breast cancer

The purpose of this study is to examine the effect of sea tangle and
fucoidan on the carcinogenesis of breast in the rats treated with DMBA.

Intake of diet and weight were not significantly different among
groups. We found no tumor in normal rats which were administered just
carrier instead of DMBA. The rats treated with DMBA had tumors
regardless of diet. After 14 weeks after DMBA treatment, the tumor
incidence of rats fed control diet was highest among the DMBA treated
groups. Sea tangle powder, water extract and fucoidan lowered tumor
incidence.

Histological feature in mammary gland of each group showed
differences in the degree of proliferation of glandular and ductular
epithelial cells. The mammary gland of DC (DMBA+control diet) group
revealed increased level in proliferation of glandular and ductular
epithelial cells compared with the NC(Normal+control diet) group.
DS(DMBA+sea tangle powder), DW(DMBA+water extract)) DF(DMBA
+fucoidan) groups revealed decreased level of epithelial cell proliferation
compared with DC group. NC, DW, DF group showed no BrdU positive
cells in mammary gland and DS group revealed only small number of
BrdU positive cells. However, DC group showed a few BrdU positive
cells in proliferative epithelium of mammary gland. Histological feature in
mammary gland tumor of each group showed differences in the degree of
differentiation of glandular and ductular epithelial cells and pattern of
tumor cell proliferation. According to immunohistochemical findings for
BrdU incorporation in mammary gland tumor of each group, DS, DW, DF

group showed decreased population of BrdU positive cells in mammary



gland tumor compared with DC group. Immunohistochemical findings for
expression of alpha smooth muscle actin in mammary gland tumor of
each group . DS, DW, DF groups reveal increased alpah smooth muscle
expression level in myoepithelial cells indicating more differentiated
histological appearance and more organized glandular structure compared
with DC group. In contrast, the expression for alpha smooth muscle actin
in DC group tumors is not only decreased in intensity and frequency, but
also shows a more randomly disorganized pattern showing
undifferentiated status of mammary gland tumor

There were no significant differences in TBARS content, and activities
of GST, Gpx and GR among groups. This result suggest that sea tangle
and fucoidan didn’t have protective role on the oxidative stress by DMBA
treatment. We determined the activies of serum ALT, AST and BUN
content but we found no differences among groups.

We also determined the effect of water extract of sea tangle and
fucoidan on the proliferation of human breast carcinoma cell lines. We
chose as a model two human breast carcinoma cell lines, MCF-7 and
MDA-MB-231. Both of water extract and fucoidan inhibited proliferation of
MCF-7 and MDA-MB-231 cells dose dependently.

We analyzed the adhesion and the activities of MMP2 and 9 to
determine the effect of water extract of sea tangle and fucoidan on the
metastasis of MCF-7 and MDA-MB-231 cells. Both of water extract and
fucoidan inhibited adhesion of MCF-7 and MDA-MB-231 cells at the
concentration of 50ug/mé and 100ug/mé . MMP2 and 9 activities were not
affected by both of water extract and fucoidan treatment in MDA-MB-231

cells. However, MMP2 and 9 activities were reduced by treatment of



water extract and 100ug/mé of fucoidan in MCF-7 cells. To summarize
theses results, sea tangle inhibited the tumorigenesis of mammary gland
in vivo, and the growth of human breast carcinoma cell lines but not

effectively inhibited the activities of MMP.

Development of food product with sea tangle

We developed cookies and Maejakgwa Made with sea tangle powder and
determined antioixdative effect of sea tangle and quality characteristics.

The cookies were stored at 30T for 45 days. The 3% sea tangle
powder(STP) had higher pH value compared to the other groups and
control. As more STP was added, the L-value and b-value decreased, and
the a-value increased for the color values. The results of sensory
evaluation and acceptance test showed that the cookies with 3% STP was
significantly more preferable in overall acceptability than the others. The
acid value, peroxide value, and thiobarbituric acid value were lower in
cookies with 3% and 6% STP than in those cookies made 9% STP and the
control cookies.

Acid value of Maejakgwa was increased during the storage time, but it
was lower in Muaejakgwa made with STP than in the control group.
Peroxide value was increased rapidly for 30 days and then decreased.
TBA value was lower in Maejakgwa made with 3, 9% STP power than in
those made with 15% STP and the control.

We also determined the antioxidative effects of STP solvent extracts
and Maejakgwa made with STP. The solvent extracts of STP were added to
soybean oil in the quantity of 0.05%. The solvents used were methanol,

ethanol, ethyl acetate and petroleum ether. Soybean oil without the



addition of STP was used as a negative control. Soybean oil with 0.02%
butylated hydroxytolune(BHT) and a-tocopherol were used as positive
controls. Each sample was stored at 50T for 30 days. The oxidation level
of these samples was determined by measuring the acid value, peroxide
value and thiobarbituric acid(TBA) value. The oxidation level of solvent
extracts of 0.05% STP was lower than both the negative control and a
-tocopherol. Especially, methanol extract of 0.05% STP was the lowest. The
methanol extract (316 min) and ethanol extract (309 min) demonstrated
longer induction periods, compared to the control (255 min), a

-tocopherol(281min) and EA (256 min) by Rancimat method.

We can conclude, on the basis of the results, that sea tangle has
antidiabetic and anticancer effect. Sea tangle also has an antioxidative
effect during the storage of food products made with sea tangle and

quality characteristics including preference of the producted is increased.
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Figure2. Effect of dietary sea tangle on the food intake in diabetic rats.

Water

{mi/week)

1400

1200

1000

800
600

400

200

- NC
-m- DC
-e- DP
—A— DW

b ! . | 1 1 1 Il A | ! |

0
K

7K

*
AN o

f
k&

.
& K K

*
NS A &

g K K K K
K K &K K &

Figure3. Effect of dietary sea tangle on the water intake in diabetic rats.
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Figure4. Effect of dietary sea tangle on the body weight in diabetic rats.
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Figure6. Effect of dietary sea tangle on the insulin in diabetic rats.

3. Aju} Aol9 s A &

oAl A7l el BARlel B Fo] EZE A SHAIF tH(Figure
4). Fx=9] n¥Fe AARGEES sl FHPHFES FEE F e
v 83 zdAE BEF 45 AAEFo| HiAe Aer RuHd gl
o weA e 2d2 AT AL ¥R T FEF oA WAE
s ggHojgta & Utk kA oAlep AR o ddAstaTd= F
=2 ¢ n¥FE JAANALEAN FEd= EHE UEE F & ALE A}
s¥h



blood gucose

(mg/dl)

blood glucose
s 8 38BBE8 8 8

Figureb. Effect of dietary sea tangle on the fasting blood glucose in diabetic rats.
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Figureb. Effect of dietary sea tangle on the serum lipids in diabetic rats.
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48 o] 0|8 & 907 ot ASH XEFLY F7) ded BH EE
S0 A% AARACY 1 Aolth WA E ATlE Fug FLE 7
N4 ThAlEh B3 Helr AWl AN HHA QEA AR Qs 23
Wel A4 $EE ZA%9Ac Ixel 452 0] 3 AW, FAAAY gFe
olgon & 2uxbEd FFle HAHY Aolr} AU = Aol ©
Av} m30l HAN A 9] 3 Ade WENolg HANZ 20O
o W B 22E HAZOWOIN FoHos dgm, 29 34 Ade o
At BT 4AZOPH GAlvt B 22E YHZOW) 25 Fu ElF
(DOl vis) fre}H o2 wskth (Figure 5)
NYEEY BY Fe Pz v FnE FENS W FHoz 28
fom Bu HANME HolF el Aol® BAY & AT TV T 4
NN TAITl MAE 3 AW, 244D, TS WP 2T 5
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4, 3444, FU2HB0] HYHo2 ZIAT (Figure 6).
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Figure 5. Effect of dietary sea tangle on the hepatic lipids in diabetic rats

Experimental conditions are same as figure 2.
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Figure 6. Effect of dietary sea tangle on the fecal lipids in diabe

Experimental conditions are same as figure 2.
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Figure?7. Effect of dietary sea tangle on the TGF- 1 expression in the kidney of diabetic rats.




Table 2. Pathological scoring of the diabetic kidney in comparison with control group(NG)

TGE - 2+ ~ 3+ 3+ 3+ ok
= i + F 2+ i
collagen |

collagen Il

BT : Bowman’s capsule thickening, DTE : degeneration of tubular epithelium, GS : glomerulosclerosis, IF : inflammatory cell
infilatralon, MC : microcalcification, PT : proteinous material in tubules, TF : tubular interstitial fibrosis, VD : vacuolar degeneration
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= golth. 28e] Zeolde A4s HAT AUAZ ASE F Y
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o gepd A% s%e] Wolxw AL @ AdoleEvel wAe]
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2 F71ATHNC vs DC). =3 B Fo] thAlutE 99l A3 F Ag o}
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71 ZA$(DP) tixolE = FuF[DC)H Hla] fFojFoz ZFrtstdtt
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& Aoz Yztdtk. F ¥F =g olede 23 Ad dAvle HHe G
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Figure 2. Effect of dietary sea tangle on the serum creatinine
in diabetic rats

NC : Normal rat + Control diet

DC : Diabetic rat + Control diet
DP : Diabetic rat + Sea tangle powder diet
DW : Diabetic rat + Sea tangle water extract diet
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A Azt ARE g o] &5 3ok olAT AFHUZS F=EY fF
HAALZA FoY &S dr, STZZ FxE 53 FHAAA AARISE
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Ats @ . (Figure 3)
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Figure 3. Effect of dietary sea tangle on the renal microsomal

thiobatbituric acid-reactive substance in diabetic rats

Experimental conditions are same as figure 2.
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S-transferase, glutathione peroxidase and glutathione reductase
activities in diabetic rats

Experimental conditions are same as figure 2.
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ES VI8t AFstn F301GL AFo Ho AFHAA AR ¢
o] gAY F=E 4 APHolE 257 4A A F o T 2¢ #
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Figure 1. Experimental design
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A} 23 A9 biotinylated goat anti-rabbit IgG ¢} avidin-biotin-peroxidase
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A gt A EF HepG2e| i tiAul E3FE % F3o|dte A%
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T} Cell Adhesion Assay

12-well plateE 30ug¢] Matrigel2 QW F H|5o|3q ZAF FAE A
7] 95l Matrigel 9§ plateE 0.1% BSAE F-# 3 serum free DMEM
o2 37CoA 908 A4 (re-hydration)Alzl F 7L u|ggozm
washing3l$lt}. HepG2 M EE trypsine.g 2|3t 01% BSAE FH#F
serum free DMEM o2 A 278 F. 2z welld] 2x10°7§¢] X E
seeding 3} & FEEH FI|EE ZZ S0ug/ml, 100ug/mt¥ A3
A 37T, 5% olidstgda FAA 908 vt %] Ad F WP
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Z}. Gelatin zymography

71349 B3 &2 (Matrix metalloproteinase, MMP) 29} 9¢] #A4-&
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o 4298 shd 01% (w/v ) gelatin] EF¥ SDSPAGEE |43}
G A H7] 53T A79F F gelE 2.5% Triton X-1008fo)A 1
Al B¢ Aoldl g developing buffero| ] 37C& 2413t w3}t
Coomassie J4 7 A5 T3l MMP29} 99 &4 ALE Qs

vl SASA A

SE 49 A%t P :EFUAZ deien, Age N 494
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Figure 7. Effect of dietary sea tangle on the diet intake and body
weight in the carcinogenesis induced rats
SSC : Saline + Sham operation + Control diet

DPC : DEN + Partial hepatectomy + Control diet

DPP : DEN + Partial hepatectomy + Sea tangle powder diet

DPW : DEN + Partial hepatectomy + Sea tangle water extract diet
DPF : DEN + Partial hepatectomy + Fucoidan



Table 3. Effect of dietary sea tangle on the food efficacy, liver weight

and liver weight/body weight in the carcinogenesis induced rats

Liver wt.
GROUP| Food efficacy | Liver Weight(g)
/ body wt(%)
Normal SSC 43754+0.25™° | 12.3906+0.58™°  0.02660.001™°
DPC | 4.1610+0.15 13.1234+0.73 0.0259+0.001
Carcinogenesis| DPP | 4.4396:0.30 12.3925+0.59 0.0265+0.001
induced DPF | 4.1643+0.14 12.4825+0.60 0.0250+0.001
DPW | 4.3492+0.13 12.7158+0.52 0.0272+0.001

Values are meant SD

2) Experimental conditions are same as figure 7.
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Figure 8. Effect of dietary sea tangle on the s-GOT and s-GPT in the

carcinogenesis induced rats

Experimental conditions are same as figure 7.
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FHAE AL HEd dF HFAHA A AAZE ALGHAT E=J, T
& HAAed APT olF GST-P &4 WA ¥E Fol& AT AR
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AHAZE 25 AN 53] GST-P F4H4e £ tAv £33 8
FESEL pOOIFEAA FoFHoZ ZA3Y pOSFEAA FFHeR
o FIo|drRT o AFHFHOE GST-P FAHAY F8 ZA2APS &
F AT F gAvke F AXSY] JHAFHE A EFAE ded] FRo|d
o &@% zgog E F glon Fio|d o9 & £do] JAARE
sAZga B ¢ Ao



Figure 9. Changes in GST-P(+) staining in treatment with DEN.

SSC: There was not GST-P(+) focin in the section of the sham operated rat liver. DPC:
DEN alone treatment on PH rat liver showed large GST-P(+) nodules are noted showing
homogeneous and stain densely. DPP: Section of PH rats treated with DEN+sea tangle
showed marked changes in GST-P immunoactivity compared with DPC characterizing
decrease of GST-P(+) nodules, degree of staining and diameter of the nodules compared
with DPC. DPF: GST-P(+) nodules were also noted in the PH rats treated with
DEN+fucoidan. DPF has the similar size of nodules that of DPC, but more weak
immunoactivity for GST-P. DPW: Section of PH rats treated with DEN+water extract

showed the similar expression of GST-P with DPP.

-Experimental conditions are same as figure 7.
-Means with the same letter are not significantly different by Duncan’s multiple

range test



Table. Frequency of GST-P(+) hyperplastic nodule during DEN-
induced hepatocarcinogenesis.

Group PH (+) PH(-)
SSC 0 0
DPC 48 24
DPP 26 8
DPF 37 20
DPW 21 5
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Figure 10. Frequency of GST-P(+) hyperplastic foci during DEN induced
hepatocellular carcinogenesis

Experimental conditions are same as figure 7.

Significantly different compared to DPC at P<0.05* and p<0.01**
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2. gAvle] 437 358 Ugdos {FEF ] 19 phase I 54 &

Ax 2 AARJgxd WA= ¥

2 A(phase ) <}E A} EAQ glutathione S-transferasew TYE
isoenzyme o 2 FAHO o A YA EAF RN GE F wFd
o] 194 GEUAIE AA AAE IJAAAN EZAEEL glutathione I}
conjugationA]|A HFHo g EAo] FHm FAo] & EZJE HEHA Fo=
A Az &g SoldA ot olEd L AAA A¥AY ER
& AAGeEAN FHIAARZE LA BAE Y. €2 EHER
9] dAldlA GSTe 353t Aoz A= Joh. 7 AP AT
GST 84=E ST 47 FFESSO)H v 2gd AHFDPO)°] #+9
Aoz Zy}euct ol 718 GSTe S48 49449 ¥ 39499 dALE
& A5 Asld frEHAoEt A, wEd AP Ade d=z
Aol HlE] TAFLE AT T &gl Wk I AFdE gAvt £
<B FEE<FIo|T FolAth(Figure 10). F oA ZeFo s 3t AEdS
=& " CDNBo| th¥ GSTS 84L& GGT FAdHiet T44 2dol
F71) ) Fh A AL @A olF Bol HdHAY d3tage] Y
255 B3] FUtE HM¥E AXVE AFPALE ZA Fo=HN FFIAA
Z19q%ch o B Aol E GSTe &4¢] & DPC TRY Audes
g4o] w2 DPS, DPW, DPF oA 43tige] Hdfo] JAE Aoz W
At & dAuly FHe dSAA Y JPE& AN I ERe F3
ojdo] 7} Zitt.

Glutathione peroxidase(GPx)= E& ¥#F5E9 ZFdA wA=" GSH
g A3t H0:9 §7] #H4+8HE(organic hydroperoxides)& | A A7) 1
ojuf WA H GSSGE glutathione reductase(GR)ol ]3] thA] GSHel| ¢]&38
e A3Egeg 53 AxEs B3t 4stRy 2Vl GPx8A0]
#asth7 A9A4 WA AN FA4HEE Zd(nodules) A (foci)7t #



7] #33ES A olF AAR}Y] A GPx 840 713t GPx &
HEE cytosol EZoA FAHE A FPFESO)el nis] dgd A=F
(DPQ)e] frejFez Fristgen Hgd A A gAutE HAHAE 2
4ol &AL I EFe gAnt EFU<E FESE<FIO|YY £o=
GSTe| 747 22 BFolAtH(Figure 7). H] ZHAE GG ALA
Wlo]l AAg Wt GPxo 842 FURINSIGoEZ B AFdA TA
vkl HAH7E dEAFAA LAIE A3E 2EY2AE LA AGAH ¥
W WolA {7 AASES FAHE AL wEba] GPxe 84S a4
2 Ae=z Az

Glutathione reductase(GR)= =EE& IXFF5E9 ZFdi BAHE
flavoprotein® 2 cytosold]] EAjdtx AsEE u¥EE FI  AXY
glutathione poolS T YFE)Z FXFo2ZH HHAFCE AXE BHE & A
4 A 7198t 2 dFAM GRe SA4xE APEL FFQd Aol
€ Ho|A gteoy GSTY GPx$} vl&d A3E B th(Figure 10).
A2XA "] 9B XA WA (polyunsaturated fatty acid)S 22 z}atshuk
39 712o] Hu Aetdoly oA FEY Foe AfdAYd A4S F7)
ANZIAYG H3ed g HEQ] Wolsd & AAIA AdRIshiEgE £R
AlIga geiA Ao = RIS ELS 7 2 g W& (ribosome) o] ¥

& 7HA s ANAHA TAE &4 fdey d3aAe] s #Hol
JE Ao HuHI . A F¢ Y AFHAEL SdER
o] A3t #@odte Bl g3 BAHAY AAGAY EADANAM A
49t zt microsomed] 2 AAAIFHEE 3= WHA TBARS §F
& 49% A3} AdRusEel WAAe AP YAHRE AEANUS
Y Fhske 2%E BRI 43AA S FEIEA OARE HHAR A
#9802 7HasscHfigure 11).
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Figure 10. Effect of dietary sea tangle on the hepatic glutathione
S-transferase, glutathione peroxidase, and glutathione reductase
activities in the carcinogenesis induced rats

Experimental conditions are same as figure 7.

Means with the same letter are not significantly different by Duncan’s multiple range test
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Figure 11. Effect of dietary sea tangle on the hepatic TBARS content

in the carcinogenesis induced rats

Experimental conditions are same as figure 7.

Means with the same letter are not significantly different by Duncan’s multiple range test



ul. gAule] 437 834 dgdos §x3 7 e =453 s
nAe 9
thAjute] HFH7E 38hE Sgddoes f=3 FH e 2FFA ¥slE ¢
A go] BE=EUT
AAAE FdtA & SO A FFAA WARXY F2E F
Asta Aoy DEN# PHE ¢3S FoatdA diz Yol AHHT
DPCi#& fatty change @ eosinophilic cell, clear cellge] #ZEHYSoH
apoptic figureE R ¥t 2y F3AAH L KA tAel FEE AHFHA
Z1 DPPZ& A9 A F2E YD 8 F2ES HFNY ASde
fatty change® #&E & Utk TAm £2& AF A7 DPPZo] Iyt
ZF(DPO) oY F RG-S AHHAZ BLrRT HAEY HIAFZ7E A
Aoz FHAG



Figure 12. H&E staining of the rat liver during DEN-induced

carcinogenesis in partial hepatectomized rats.

SSC: Section of the sham operated rat liver showing normal hepatocellular architecture.
DPC: Section of the partial hepatectomized (PH) rats treated with DEN showing abnormal
architecture characterizing pericentral fatty change accompanying eosinophilic and clear
cells and apoptotic figures. DPP: Section of the PH rats treated with DEN+sea tangle
showing almost normal architecture. DPF: Section of the PH rats treated with
DEN+fucoidan showing diffuse pericentral fatty change accompanying not only
eosinophilic, mixed and clear cells but also apoptotic cells. DPW: Section of the PH rats
treated with DEN+ water extract showing diffuse pericentral fatty change. DPP of the

degree of the hepatocellular degeneration was mild compared with DPC and DPF.

Experimental conditions are same as figure 7.

Means with the same letter are not significantly different by Duncan’s multiple range test
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2. 2t AEFe] 4F 2 Aol%ol WAL 9T

ZAE HepG-20lME Aot B 22E3 F3olw 25 508/ %
52 AgRe 9 F9Hos AP AR 100m/mM FEL MR
2 WE o 23 gAY APAAEGE B F2ETY FI0|G 2
49929 RolE PPoU B 22Bo| o ETHo|AtHig 13). o=@ 2
A TAlETE HepG2 MES] 44 AR Yo} F:olg 9o Te &
g4 2do] B 2520 ZA5d o Be JAERE € 4 YL JuB
.

HepG—2
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Figure 13. Effects of water extract of sea tangle and fucoidan on the
proliferation of HepG2 cells.

Means with the same letter are not significantly different in the same treated group

by Duncan’s multiple range test at p<0.05.



& A8 UM 7HF & FYoln GEAY FE APFAdde GAX
o] Hoj(metastasis)oll 2§ Zlojtt. Wt FXNEE AT Ho] AAA Y )
TS A8 GAES FH&(invasion)T} Fole] EAAHQA 7|Hd & B A
T7F 3P g

GAE7F  AHoldlrl ¥ J|Hez dxFHo®E 7R (basement
membrane)9] FFo] dojdtt olHF ZATLY] JAEAF L dA GAME9
7128  H-ZFH(adhesion), ©¥A Es|aEA(protease)d] 2F AT E
(proteolysis), A X 9] 71FAYZE o] F(migration) GAEE AAA Hy ol
g Fgo] wtEHO] GAE FEol WA et B A7l E HepG2
AEe Aolsdl viAe FFE AHE7] 93t adhesion assayE AA|F
a3 hz7d vE B FEE AGdEH F31F AelF 25 adhesion A
=7} 3 #AEdR o FoFHU Aole BAY & fAAHfig 14). =
gelatin zymographyE %3l4 MMP2¢} MMP99| #4& FA4F A
adhesion assaydlx¢} wl7tA 2 GAlnt B FEF %L FIo|AY AAE
#2E F UAH(fig 15). wetA tAet B FEEF F30|DE-2 HepG2 A
X9 RS dAIske ade dou Hole g JAd dYitde /MAAHL &
#7t R A2 Yeuth
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Figure 14. Effect of water extract of sea tangle and fucoidan on the

adhesion of HepG2 cells
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1) a+44
1. In vivod| 4] DMBAZ {5& #'% 94343 d viA= 9F
7t At B FE2E Ax.

180mle] tAju} 717E 18Le FHF ¥ F AAETHEA ¥,
g A 2423t Rt HRAEAT 2441F F 9000rpmel| A 308 ¥4 B
g3t FF3YE& £, o] BHAYE ALAH dAFF3AT. ol Water
bath& T+ 40TCA 3H, FSbottled] IHEEE 6~72 st AHEF9
20%2 FZ3PY. 52T §98 FHAAZX bottled] Fo -71T freezerol A
2477t Ft BAEA, FHAAZR ANA FEAIZRI Bd FEEL powderZ
HEo] YErRAs Y ALE-3A

U AP E 2 4344

o]#3 Sprague-DawleyAl &z ¢AE HH T2 EFI
(Experimental design). A% 3F AR x4 o]0 AIN 2jo]e} AIN 20|
At 2, B 228, FR09e 27 dre A0 W4 S
AEZ 5045 DMBAE A|F 50mg/kg FFo2 EHE &3y 92 ¢
3t FidS X353 DMBA £ ¥ U7HA] ALS3 & FE8 AR
t}.

=
A
ol

o 7% FTERAEHR FTHIT R FEF
DMBA Fo £ 14F71A] wjF AFE FASALH, F 23] §EES &



vty Z AHEI E £02 A Hol T4 IA AR 2 FINFE V)
E34L o|ERE T FYEREDR vEF BT FF FE AN 2
FolE v =T JPAIZ F F YL AU §F S A3, F
¥E 25 Hojuo d3 HEE AAT ¥ vETF F FIFFEAE SHIA
o}

2. 2 sHy AA

YRE W F A7 FEZRFL ALY 10% T4 T=2TALY9
1, §4HQY paraffin formatE AX 4mA7|2 2IFAE WE O
hematoxylini} eosin (H&E)2.2 @43t} G4 & &gojl=g g3 A
Zz9} EFdog g4 3o B3 w7 (100, 400xmagnification)-& ©o]-&3}<
Z3 geEa £4& AA8AH.

vl AY =333 HA}

Y 23 383 HAE a-smooth muscle 3A(a-SMA at dilution of
1:1800, Sigma, USA)¢} BrdU IHC kit(CHEMICON International, Inc., USA)
€ ol&3td A AT. AEE G FFE 10% T4 T=2LY S99
133 FAHQ) paraffin formatE AX 4mA7|E ZFAFAS UE O
@324, A58 (re-hydration)#3-& A F 3% AL 54/MEE &4
A 3083t incubate 3 F 10mmol/L citrate buffer(pH6.0) &7} 1087t
microwavedtt). ZZZHH-E PBSE Mol F 12} 3HA|(primary antibody:
anti-BrdU antibody, anti-a-SMA antibody)Z H< QA3tQch. §9-3x =
A S ABC kit(Vector Laboratories, Burlingame, CA)& o] &3}
avidin-biotin peroxidase complex solution® Z visualize3}{ o}t FHE FH
2 33 Mayers hematoxylin®. 2 th= H231 ). Negative control?)
4% 1x8A] th4l phosphate buffered salineS A}-83} %t



2. DMBAE AT 3 o] F43; 54 ¢ 89 52 449 VA=
%

7}. Thiobarbituric acid-reactive substance(TBARS) 3J=3
Buege$}Aust(1978)¢] Wi o2 7ke] microsome R oA A 2}413E 9

gdFe SHI

1}. Glutathione S-transferase(GST)9] #A %
1-Chloro-24-dinitrobenzene (CDNB)3} 393 glutathione(GSH)& 7|4 &
AFE-3}= Habigs 9 W) og) 3F AxAdda FH3

t}. Glutathione peroxidase(GPx)9] 4=

Tapple?] WHog 7]2A& cumene hydroperoxideg A8 glutathione
reductase 7} GSHE #¢4)2 w NADPH 7} NADP+ 2 43l5H+e A=E
43

2}. Glutathione reductase(GR)9] #AJ =
ZF A¥A9 GR B8AxE Carlberg ¢ Mannervick®] WS o] 83t &
%:kias

. g F3o) 24
Lowrys] 4ol o8] =4 ach

v @49 &4 @4 2 BUN, albumin §F =3

& Ao A aspartate aminotransferase(AST), alanine aminotransferase(ALT),
lactate dehydrogenase(LDH) &4 % albumin, blood urea nitrogen(BUN),
FEE SRU



3. 8 AXF A VA= IF
7 AxF R MG =3

Atge] S 39AEQ MCF-74 ¥, MDA-MB-2314 2 ¢} 794 291 HepG2
A]XE ATCC(Rickville, MD)oll A #1319tk BE A X+ 10% FBSE ¥ ¢
3} Dulbecco’s modified Eagle’s medium(DMEM; Gibco, Gaithersberg) 2.
2 gt olE Higdddl= 10U/Lel penicillin G, 10 mg/mle]
streptomycin sulfate, 254g/mle] amphotericin BE X33} antibiotic
antimycotic8 % (ABAM, GibcoBRL)E H7}5lH AlE3a, 37T, 5% o]k
Bes 2N W FsA-

E A dS AN A AEF 2F P uiged o4 Age Al
¥ (attached cell line)Z viYHAIY] <oF 80%AE A5 u] HXE v
MEE PBS &5 E&Ao2 2¥ AlFHsta, wjFHA vigo] ol A
Trypsin-EDTA dyddor(0.05% trypsin, 0.53mM EDTA in HBSS, JBI)& 7}3}
1§ AE o Ax7L uige2RE Yol dHE XIste widuiA
€ TS ¥ol ¢94E9 A TH1,000rpm, 5min). A4 EE3 2 AEE
AR FA FAE F A wiR ol 3 A3t Al A

1}, Cell Proliferation Assay

A 4 AEF MCF-7, MDA-MB2318} 7+t A E3 HepG2ell o $t
tAel B 328 2 F30|9Y AFJA ARE FHIHIG A AR
& 6 well culture plated] 6x10°7]¢] X E seeding & ¥ TSGHE & F
FEHR FIIGE A7 50ug/me, 100pg/meH 23t 543t o] v g3
o ol wjFdL droitt AN WY B FEEY FIRO|IHIHAE F
QJi hEZTL PBSE AFsth A 594 HE @ trypsin-EDTAZ A ¥
€ X2 #F Coulter particle count(Coulter Corp, Miami, Florida)& ©]-§ 3}
A EX+E counting 3T A WHEE AAG F HFFE ALSA



t}. Cell Adhesion Assay

12-well plateE 30uge] Matrigel2 IHE F H|So|3 AF RS gl
7] 918t} Matrigel F 83 plateE 0.1% BSAE {3 serum free DMEM
o2 37ColAd 9087 Aj3H(re-hydration)A]7]l F 22 wgdgoez
washing3tgt}. MCF-7, MDA-MB-231M¥E& typsino2 ¥2lstd 01%
BSAE 33t serum free DMEM ®¥jod A FH{F F ZF welld
2x10°7) 8] M EE seeding 3t1 & FZ B3 F3olwrS ZHzt 50ug/me, 100
pg/med M 3BEA 37T, 5% olstes A 90EI WiFsAT 90
ol Ad F wjgd e AAS}L FHHA &L AEE AAS] Aso
PBSZ washing 3 ¥ trypsino.2 HId AXE EE3td A R{HA70 F
MESFE counttth. Al §HE 3 & HFdte] #F goz 3o

Z}. Gelatin zymography

71 A 349 B8] & A (Matrix metalloproteinase, MMP) 29} 92] &A1& <&
ol 7] 93}le] gelatin zymographyS A8ttt HepG2 M ¥E culture
platec] 333 80% A= AHS wW & FEEY FIo|AS Z7Z 50ug/
mé, 100pg/me¥ A JdpAA 37T, 5% o] Fstes Z oA 242t v gl
ot A54E HdY 01% (w/v ) gelatino] ¥3t¥ SDS-PAGEE o] &3}
gl g A7) FFAT B719F F gele 25% Triton X-100-§-<fo A 1
At B¢ Aojdl t}e developing bufferd| A 37CZ 24A17F w3l ch
Coomassie @7 B4g $ate] MMP29} 9] $4 =& S5t

ul. FA%A A
2E 49 dde Hd :XFUAE Hehiden, 434 A /o4
AALE 8] AVOVA test ¥ AlE HAL p<0.054FA Duncan’s
multiple range testE A X) 38} th



@ a+4+4
1. gAu7l g8tFo e 28 f9 4334 445
7h. Ak HAFA7E 8513 dgges fxd A9 HolAs&d AT
A= 9%
3134 dgdor dSAFES A= F9 Aol HFAFH AFE WF
SAT 29 4ITT FAFQA Aol BEE F UM {F Tl 47
71 A1F3 8FFHY AT 7 Aole YEHA &R
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Figure 1. Effect of dietary sea tangle on the body weight DMBA treated
rats.

NG: Normal Group, DC: DMBA Control, DS: DMBA Sea tangle
DW: DMBA Water extract, DF: DMBA Fucoidan
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Figure 2. Effect of dietary sea tangle on the body weight in DMBA
treated rats.

Experimental conditions are same as figure 1

Y. gAvke] A7 854 g e® fEF AdA fEEd RAiE

I FHASF L FEFAAN VA= 9F

%S DMBA T3 APF 48vtE] FolA 21mtg oA BAHJLeH, o
ZFAME SAHA &t F DA T Fe 1) A eH, FE9
BEFAE 18.6:7.98g0]th. DMBA %o ¥ 7|7bd FF AR & F&
FE BEF A3 8FHEH FFol A7) AFBAAL, &4 %A AP
o & FFLAYL&Y Fo]t Figure 37 ZTh DMBAF A ¥ 8F5F 105
7NA FF HAES AWRA DFEo| 7} A4 Uesth DFEE 120t
Zo|A 5ulg]o A BAHYL(G83%), DWEL 10mta] FA 5118 (50%),
DCT2 110tg] FollA 5ube] HAH ] 31(45.5%), DSTo] 12m8] Fol 3v}e
7H25.5%) FFol LA H DSTAA 7HF e T TPES B 11F
Y UFAA F3 TAES B9, 1155 DCE HAEo| WA F
7Fste] 34 AAQ 14F0)e 1078 FolA 99t} (90%)7F LA FH M &



& 3% HHES LYt DFEL 11FE 3$£3] 3713819 14Fo& 11w}
g FoA 9utldlA (81.8%) % FFol TAEHIJLL, DWFEL 100l Fol
A 7ete]dl A B HAIL(70%), DSTE-L 1108] FolA 6vleE](545%)2 713
e 24 dAYES B HFigure 3).
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Figure 3. The effects of sea tangle intake on tumor incidence.

Experimental conditions are same as figure 1

njg] 3 HF W 29 $E Figure 494 B = itk JFHoz 3N
JAY nEgd BF FY¥ £t DFEL 3507202 714 =¢t1, DCE
3.1£0.617), DWZ 25:0567), DST 1.73:0547/4 2 714 @A Jelgoy £
AR fFdate A HFigure 4).

& wAL AGMEI} R AGEAY old gaAE APH A

7§ Al (initiation), & % (promotion) 18]3 F3J(progression)e] A Aoz 3



"ot ol @ bgaA Aoz dojue ¢ TAFFL A7 71A HAE EE
3154 sigtEel 93 JAHAY AEE + A B A7 AHAE 4vEd
thArl HFHe S A7le E00A R3Heu, initiationd] JPAH S
AQANA FEFE TAEE AT Aoz Argdo
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Flgure 4. The effects of sea fangle intake on Viglixrreraigre tumor number a
rat.

Experimental conditions are same as figure 1

o gAu7E 3dE FERS o 423 2 399 2484 v

oA vials 9% 4

#4e FHRY E54F H(gland) FF9 sz EFATYHoln wg,
AR A%zF, AX 4 HES=BAE FAFHY 3, AxFLe Az
oz AgeE FIAY HXF L HJXx9) Bz BHOE FAHO flon, Y
A8 E} & AF A E(myoepithelial cell) F 79 MEZFoE yEE
o] 3 F2= 7] A Z(basement membrane)d} 3l Yok HFHA F4
29 24 dde f4 2FY ALFHJ AR BAddes F4 HAHE
(mammary stem cel)Eo| EAj3tt. o] HMEEY £33 2 HFde o
THY AAYUAE, £28, Frjol, Axe 71d awd Fo] & v|X

= Aoz AAHI ot ol FA TAZLES FAY LA A AHEZ

- 95 —



9 ®FHo| HH HHE Hold 3 YAME HPo = AZHI U U
BtEo g Wl A3 € T4 FAFAdE AXY F4H 43 & =9F=
Azt AE 47 FHS HAse FFHAFAA 28 apoptosis
ZA3te F34 Fol Bogdt. £ dAFdAMe Auzt 4 AFAE
4 FHEAEEY F4F 3} v YFS ARt

T4 FHAES T4 A=E AWEY, A E FEdA F2 AT
(NC2)9 AS$ AAZF Ao 2E FA8 2 AYe, NCEH vl A]
DC#9 #F4d3 =3 Ay E(glandular and ductular epithelial cells)+=
4] 57t5 9] multilayer(thd 7Xx) F+£& K H(Figure 5). ¥4, DCE
Hlil A] DS, DW, DF#9] Ao X F2lo] ZHAHAD mabr] oAbl
T FA AFA R F4E FAAA o TS AT e R AlsEH

it

_"-__:,

X400, X200

H&E stain o e G

Figure 5. Histological feature in mammary gland of each group showed
differences in the degree of proliferation of glandular and

ductular epithelial cells.
HE staining, bars = 100um, original magnification(Z}t}]) %200 and *400.
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BrdU¥ thymidine analogueZA] Al¥¢ F4& ZA3le ANEZ
thymidine uptake] thgte 2 o] &=H1 glon, GFE FAE o83t ¥
I zA 318 GML 3] BrdU labelling indexZ A ¥2) Z4 A& H71E
g Utk

S BY oRE Qolry] 93le EG3le A X9 DNA 22 3% %
S-phaseo] A thymidine& tH4lsle A= BrdU(5-bromo-2-deoxyuridine)
g ol&3td MXE9 F4& FHste AEQ BrdU HHEZ 3 HAE 3
o gAEZE fAME FAd uXe S A¥E}Y. NC DW, DFT9
FAolMe BrdU FAHMEZF vebtA] dgts, DSEe @A 22 59
BrdU ¥4HMEE @A FcHFigure 6). 22 DCTY FA FIjA XA
BrdU FAAME7F FZHAT. £ AFolX BrdU B2 38 HAte] A
38 29, drdd DMBAE Asta, gAlvkE H71shA] @2 4o
g 9 DCFoAME BrdU ¥4 A7t ##=HJ, DWEH DFE2
DMBA AHEE 3lA &2 A4TA NCTZH 22 S4E BHYSBE gAnt
T A A9AEe 4L FaA e F&de & TS A" 5+ 3
il Al €T

i



X400, X200

Immunohistochemistry
for BrdU

Figure 6. Immunohistochemical findings for BrdU incorporation in
mammary gland of each group.

bars = 100xm, original magnification =200 and x400.

zZ} 9 FTEXRAHANA FAHG =8 AFuAREe £33 Fxe FTIEAHE
(tumor cell) 52 Feje] A& zo]& AT (Figure 7). DCEY F
ko F7 solid carcinoma® H 1, tt2 3 vlu A] &k Helrt o=
i, 3l o] NEH FE S HoFE neoplastic tumor cells®] 47} =7
B2AE ek ¥, DCE# Hlw A] DS, DW, DF#e £%& F& cystic
adenocarcinoma &£ papillary adenocarcinoma HE]E X %31, neoplastic
celle] =7} #A #Z=H A

o A ZAAETL oo WS A ol tdARE ZPEHD A
7l Al (initiation), &% (promotion) 2] Z13](progression)o] A #}FHo g 23y
gt £ d7dA DCEY T4 7t d2a 4staAe] o AdE Feg
T A gEA gajuks oA #gez2 dojvte & SAREE A
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AAZ Aoz APt

Zt Fo| fAgolA BrdU Adel @3 WAz E2A A= Figure 834
2t} DCT# Hln A] DS, DW, DF, 9] f4delA e BrdU 44 HAXE<]
MAF7E 48 Aoz BEHACE 22y DCEe F4¢L solid massel
A Be BrdU ¥4 HEZES R

k-3

rlo
)

HE stain X200

Flgure 7. Hlstologlcal feature in mammary gland tumor of each group
showed differences in the degree of differentiation of
glandular and ductular epithelial cells and pattern of tumor
cell proliferation.

HE staining, bars = 100um, original magnification «200.
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Immunohistochemistry for BrdU X200

Figure 8. Immunohistochemical findings for BrdU incorporation in
mammary gland tumor of each group.

bars = 100zm, original magnification =200.

ZoFo) 4| A&} (tumor suppressor gene)?! p532 Tho] ¥ A FAHAY
A4S ZAHsed ol A FHAELS HMES A7 (cell growth)d AbE
(apoptosis)o] F83 P& v} o]F a-smooth muscle actind W] A|Z
219l E (microfilament) 9] F2 F/4A4Ecl™ AMEe FeFAF 54 F
83 98e dvh =3 {FH4Y F3F M E(myoepithelial cell)o] £z}
(marker) 2] p53-/- A A o4 F# A F (transgenic female mouse)2] &
A ¥3g (transformed) M| oAM= Hdo] A3tEm ME FE7 a-smooth
muscle actin 2@ Zhlle= 99 A#AIAAE B dHH FIIA[FHAE
FA S e ps3+/+ TUEA M= a-smooth muscle actino] 73&}A &
A=A =3 Qlzke] {4 AlA E(neoplasms)e] YA H-(benign lesion)odl]
A Ao A £ et F2 %o a-smooth muscle actino] & =y AH
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4 Z9k(invasive carcinoma)ollAE= A2 A4 %06 a-smooth muscle actin?]
THE HFE 5 Aok

& AFdA gAlr7 49 2FIAE 230 vlAle 9FS 4HE
7] 918t a-smooth muscle actin®] W& AHE ZAil, hF2o|= HFHA
71 DCT2 a-smooth muscle actin @&e] I Ao} ¥WEdA TiaHo] F
& U rlEstE AHAREZ SR o2 QlE =3 371 2ol 24
stom FdlFoz Hadol 4 o4 5-9l(malignant lesion)7} &S
T AATHFigure 9). 12} thAlrhLHDS, DWt) Faio|eH(DF) S A3 F A
71 AS fZEZ++% Hlw A] a-smooth muscle actin L& o] ZF7ixlo] E3l%
ZZ5H Ao F2E vedle ZAIAEY o & FAHY A5 & F
JALL ol& HAlmhg F3o|Fe A7 Al 44E FEL 279 FH8Lo
ez Hluste g4 7971 255 AlAMoHFigure 9).

u®

Immunohistochemistry for a-SMA X200 X400

Figure 9. Immunohistochemical findings for expression of alpha smooth

muscle actin in mammary gland tumor of each group.
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2. gAvp JH7E 3814 dgkdes {3 3 749 phase II 85 &4

= 2 AAAN3 L viAE 9T

HZ HF £ HAES ol &3 A EZ AH H O FE71F
#3 A7r B8 JYH ey, ¢S AYIAY AEE F U= #5
H e 38 A7 ASHeE JPHD . 2 FE 1R T o
H3Ql Ao A SA4EAY HAERS FE58A 7=
NADP(H):quinone reductase(QR) <} glutathione S-transferase(GST)
UDP-glucuronosyltransferase 52| phase II 44 2] 84849} phase I &
&A1) cytochrome p450 EA4EA YA, glutathioneA 4, transformed cellol]
AN 2 o] F7tH = polyamine A & & F Aok 2@ (phase
) ¢fE thA} &A% glutathione S-transferasew ThY3F isoenzymel & 43
ol slom o7 Wl EdF 2dA F= R Lol 1894 FEHAE
AXH A" JAHAAAY EFAESE glutathioneZ} conjugationA|H HFHo =z
EAo] A FAo  EZE AEHA 2N AR wjES &l
got ol AL AAdAM JAAY EFE AAGLEN FFILAA
S BASE ARE YEEZ ddq EFS AYse H oA GSTe
phase H4 F9 3h}EA] initiation ©A 9] A3eHA EAAZ o]4HIL 3
o B2 IGEZ tAtdAM GSTE 53 dez Az o & o
TolA GSTE#AEE FAE 243 BAT Hls) DSTol F7tstlal, DFE
dqre 71 XA YUetstch(Figure 10). ojf F7tE GSTe Fo ¥ Tdd
2 I dALES 53] H3td feHeEES d4dEn. & a7
o] A3} tAjvl B2 HFH TS DSTL phase II A 3|5 &4 GSTY &
AEE F7/MNZHT OAnl B2 phase I AASS LY EHEE F7)
Ao s AANY glutathioned 71ZAE Al8-3lY free radicalS 33}
HE-Ao] & ALEEZRE HEE BIFoEN WdEA AL A
o fbet LA ) A (initiation) FA S JAA)Z] Ao E ALEHCL
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Selenium-cysteine 2] gARES zt3 A= glutathione
peroxidase(GSH-Px)&= R & X {5 E9 ZFdA UAHY GSHE Al§-3td
H0:9 #7] #}4+3}E (organic hydropeoxides)S AAA 7|2 olu] P4
GSSGE glutathione reductase(GR)ol| ]3] ThA] GSHe| ¢]&d= 433
W3-8 53 AES BH3Fth AA ol AAE superoxide radical(Oy)
3} e AH FrjZL superoixde dismutase(SOD)o] <j&] HAtsiFi=
catalase®} glutathione peroxidase(GSH-Px)dl| 2&|A =53 H,OZ A EH
o, o] AN HMEE FFAHY FHE ARG Ik B ATFNAN
GSH-Px A4EE vus] 29 AFT(NGT)l Hl&] g€ AT DCE
AA F718em, DFE< DST < DW# o2 F718t9AT §93Q =}
ol HolA ektth(Figure 10). WA dAlnt HHE FAFHLE #9239
Ae FAT TxHo GSH-PxBAE F7H71e AFS HASEZ 44
a2 T JAgFLE o= A EAA AW FHS JAET v
A ztE

Glutathione reductase(GR) =& XH/FFES ZFdA WA
flavoprotein® 2  cytosolel EAstn AgFd WL FIA AEY
glutathione poolS FYUFEHE FAFOoZN HHFHoZ AE B 2L 34
A A 719t B AFdA GRY BATE F3FQ xolg Holx
% sk} (Figure 10).
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Figure 10. Effect of dietary sea tangle on the hepatic glutathione
S-transferase, glutathione peroxidase, and glutathione

reductase activities after DMBA treatment.

TAHE FoH oA FUAT, thAlulrl DMBAS tiAle] ##o] )
FA(GST, GSH-Px, GR)9] 84S Z/HA7)= AL Yooz 43
FElQl ANAASE FAS AASAY e FA4E 2 wjAdS 74
A F9E ¢33 9FE Foa AlsE

AXA 2] trHEES AW (polyunsaturated fatty acid)e ]2 At
g9 71deo] HY Ty AR B9 FAE AU 4L
S7HNZIAY FHitste] @A EL] WolFEE AAA AAGisuke-S

rr
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ZANZG A A ok =3 A AHEEL 9 53 2B E(ribosome) 2]
a2 71A g AubEe HARE £48 ey Isiage] FXAx B9
o] & Aoz BRuEH: Jth ¢SAAFFA A4E AAALNEE L TAE
Aol FAste] #oste T ) AAHAY MAGAG FAGA NN
A9t 7+ microsomed]| 2 XA} AEE 3= U TBARS &
Fe 24 A7, AAFHEEo] FUel DMBAE A 3te F3AY S
FEFRS b F718le %S 2An FAAE F=3dA AvE A
ANZ AF FFHe 2 FHide AFS EHAH(Figure 11).

’ TBRAS
1.4
|
1.2 — 2 — —
e ENG
0.8 | lmbC
oDs
LB 'ODW
0.4 '
| §8 —

GROUP

Figure 11. Effect of dietary sea tangle on the hepatic TBARS after
DMBA treatment.

Means with the same letter are not significantly different by Duncan’s multiple range test

at p<0.05.
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Table 1. Effect of dietary sea tangle on the serum enzyme activities

NG

DC

DS

DW

DF

BUN
(mg/ de)

GOT(U)

GPT(IU)

17.05+0.63™°

17.23+1.31

16.99+2.27

15.59+1.3

19.6212.25

135.47+4.027°

131.51+4.57

137.56+9.78

143.75+£9.98

140.50+5.9

114.98+9.43%°

114.94+12.27°°

131.40+9.81°

126.95+16.12°

89.38+8.32"

Values are represented with mean+SE

NG: Normal Group
DS: DMBA Sea tangle

DC: DMBA Control
DW: DMBA Water extract DF: DMBA Fucoidan

abab: Means with a different alphabet superscript is not significantly different among

groups determined by Duncan ' s multiple range test at p <0.05

NS: not significantly different among groups at p <0.05
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3. GAlul7} AEe] 33 2 Aolsd WA= 9

Tl RE de BYE FEE4 A% GAE BAJAEAE AHE
8t A X (MCF-7, MDA-MB-231), 71HI ¥ (HepG-2)& ©]-&3td &3}
Hon, die Figure 7,898 2t}

AxEz ¥y, §9¢ A ¥ MCF-7, MDA-MB-231 MXF 2% 50ug/mé
559 gAjul E &80y FHo|dd o3 fgFoz Ao dAHANU
o 100gg/m¢ FENAE A A7V ¢ Ao

MCF-7

120

100
b b
\ I —e— Water extract
-a—Fucoidan

ug/mi

% of control

)

Figure 12. Effects of water extract of sea tangle and fucoidan
on the proliferation of MCEF-7 cells.

Means with the same letter are not significantly different in the same treated group by

Duncan’s multiple range test at p<0.05.
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MDA-MB-231

140

100 b
\ —e— Water extract
< -a— Fucoidan

% of control

/
4}

ug/mi

Figure 13. Effects of water extract of sea tangle and fucoidan on the
proliferation of MDA-MB-231 cells.

Means with the same letter are not significantly different in the same treated group by

Duncan’s multiple range test at p<0.05.

OAlul B FEEF F3oldo] Y MEFY Holsd mAe IdFL
AR 12} adhesion assayE A A8 tH(Figure 14). MCF-74¥9] 3¢ &
FEETG FIOE EF 50ug/me F=2 A Aldle adhesiong Al
71e A%l dot FoFolR Yk 100/ MFERE HEHJS de 25
freF o2 ZAAZTH MDA-MB-231 Al¥9] A9+ 50, 100pg/ mEE 25
24X)17F 28] A} adhesiong ZFAA|FH T}
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Adhesion

120 ———M8M8M8M8M8™

T : @ Control

(e0]
o

| mFucoidan 50ug/ml

| @ Fucoidan 100ug/ml

% of control
RN [e)]
o (&)

| @ Water Extract 50ug/ml

N
o

- mWater Extract 100ug/ml

o

MDA-MB-231 MCF-7

Figure 14. Effect of water extract of sea tangle and fucoidan on the
adhesion of MCF-7 and MDA-MB-231 cells

Means with the same letter are not significantly different in the same cell line by Duncan's

multiple range test at p<0.05.

T3 g Ee HEAL el e MMPY 44 v X & #2539 F
Folcke] ogkS AWy 7] 935l gelatin zymography S 4 A 3} tH(Figure
15). MCF-7 Al ZMe & FEEF FIG HEF 24 FxoA MMP-2
o] 848 7HAAIZ] Aoz JEgor) MMP-92 F3o|d 100ug/mls ==
A At vlejg 24 gayrt #FHAY MDA-MB-231AM2e & FE=%
Fxolgke] o os MMP2, 9% S wrx] gkt

§2

= 10y =



g &
MMP2 T S, S— p— — ———
MMP2

Figure 15. Effect of water extract of sea tangle and fucoidan on the

activities of MMP2 and MMP-9 in MCF-7 and MDA-MB cells.
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A 44 GAvE o 8F $EAFE AL
- A 2]

@ a+34
1. 4348 R Ax3Y

7. AdA=

A Aae DrEE JFAIAHAMEA FEF)NA 20050 FLHE
gg 158, HEE AESR(E7E £A4), 492 (BFFHHA &
T), WolAs e (FAIAE, 272 (FEFLAELE &)oY,
TAul Bd2 20050 AabE AzFEIEHE vher de 4ET)E 7S
A 82 A3

w}. 719 Ag w§nl

B Ao F7) AE siFHlE Table 13 g}l Wr7LF 300g ©E
150g, 4% 150g, ©@Z M, We|A g0 8gS wi@ste] dlzdg A=A
3, AP 2T ARdA "rHEE A UYuA A5 2dLe &
F A F oAe Bie] Hrige gEste vt

o F719 AzxPY

TAlel 2 H7bE 7719 95 AzEe AN FRAA M BE
o g Ag3te ZYH(creaming method)S AHE3IYTH WEE Ed Yn
REYPA 3 F 489S Yol o= Ax oW 24E 234 EFdH R=
2l¥ IYeE WEI, 97]d HAAE Yol EFF F YL S AT
448 2o WrtFS gl g Yol uiEg 3, g4E vEE Y
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AaoA 2A SA3A0 F FAZFS ddd] gL F AuEs ALy
05cm FAZ dL3A Ho}t oA 72 2em, M2 5enE Ze 4 FH Y
2de UE F QB 220C, ¥WE 160CE 257t 1FE LB (Dae Yung
Bakery, Machinery Co.)ol 438 ®¥Fo] &3 WL ¥1 1080 &
F AL 1AL Y4E F A LA

<Table 1> Formula for cookies made with Sea Tangle powder(%)

Ingredients Control ss%smpleszrs% S9%

Flour(g) 300 291 282 273

Sea Tangle powder(g) 0 9 18 27

Sugar(g) 150 150 150 150

Butter(g) 150 150 150 150
Egg(no.) 1 1 1 1
Baking powder(g) 8 8 8 8

UControl : no Sea Tangle powder
S-3% : 3% Sea Tangle powder added
S-6% : 6% Sea Tangle powder added
S9% : 9% Sea Tangle powder added

2. w59 pHY Uk £

FI A5 54 doprr] 98] pH % AEE FA34T. pHe H
olA] ¥IF 5g3 F{HS 45SmLE Wil FE3] 2yt A7) ¥ pH meterz A
294 2339t 4d5E 50mL HAHAMd $F4 30mLe WS ¥ 5g
9 HFHE YAL W sod Fol, F Fyd W= BA= FIHG
(g/mL).
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o 2719 $EFF 2 NA4 =4 |

TAlu} F7]19] B33 (water content)2 AOACH | o3ty FSEZFL
106CAA 4 BZstq FH3A

F719 ¥ A A(spread ratio)2 Hold g FAL HEZ Yetd AL
AACC Method 10-529] W& AH8-38l 53] ¥i&E Z4 F HAgS o83
ek

9 A A (spread ratio) = cookie 17} thg HF Hol(mm/7) /
cookie 17 thg B 57| (mm/7H)

L CREEEL
7719 Ruage FANBYOZ 7 ARY 2HE 53 B 4% §
WEFE AZOZ 7 AR $9E NEE ANSAT

AL G719 A= FH

719 dx 3L AAHA(Chromater CR-200, Minolta, Japan)Z 3733}
o ¥7)(L, lightness), 24 % (a, redness), % (b, yellowness)gtS 53] wt
B 2g83n 2 BERCE ek olY AHEHE E24 vstandard
plate)& Lt 96.95, agt -0.03, bzt 1.420]Qch.

o}. Rheometerd]] 2] 3 Texture E4)

AzF F719 Z3Z7HS Rheometer(Sun compact 100, Sun scientific,
Japan)& AME-3to] 7 E(hardness)E 53] WrE FAs o HI @S FIIAL,
Rheometere] &4 F7-2 Table 29} Zt}.
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<Table 2> Operating conditions for rheometer

Max wt : 10kg

Distnce : 50% B
Table speed : 120mm/min

rubture : 1bite

probe : number 4 needle type

ZA. 719 #sAA} A

#AAY B¥ol Je EXAER FIFT AT AL HHs o
B HALE AAS7] A Zrzbe] 54 g3 ZF AAFEE FE3I] A
FE & F HdEc] TES =7e FANE T3 23 1042 EH 1147
A BSHAE AAEAT olFA FEE FEA 109E HAAsA Az
F71E€ AT A7|(2x5xIem)2 FeAALRLEANA AFHA oW BE
ABEL dFEY 93 328 AR ARG HrHHELe 779 FAS
ol FFS v = H(color), Bi(taste), 37](flavor), A7ZH(texture), F§ 3
% 7Hoverall acceptability)e]®] Hil 73, H3 14082 FASFEES It
Bed At AF N8 {94 HAFL SPSSHTA  packageE o] &%
ANOVA testg A% ¥ AlEAF O E Duncan’s multiple range testE 2
Alsti ot

2. 299 5% A4
ASE AAE WU 9w 4 R osta 36We ez AAsheck
715 AAME 934 A E(hedonic scale)E o] £3la] EAFEE sgon 180
2 2% OF YoM 9o B4F b FE EAFES s
H7td 54L& 9 H(appearance), 1143+ gh(savory flavor), &3 7H(texture),

AuAQ 7] & E(acceptibility) &2 A3 = R}
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7t. AR71%0 ge F719 {4 F&34 F43 a9 4

30T FL719A 4593 ARFF F7]1& Folchydl oJdtd {AE F&8
Atk &, §7) 100gd] chloroform : methanol (2:1) &3 €9 250m< ¥
homogenizer2 w}aj@ ¥ oiztalgith cizelm FALE Belstn WA o
A 250m08] §U1E Fhste] 2EHUT. olsh e TAE 38 WaAs Je
Astelg BE Fuad 2o 2osld] ¥ /4% FR5E slae] A
3] £E0] EFst YHL2ZAA 2% BX& F chloroform F& #83}
o sodium sulfate anhydrous2 @FA|31 F o#3H A}t o3P L rotary
vacuum evaporator2 40CoA I 53 & ZAHF3e &uje A4tx=
SA3 HAANA F AEE U ANERFY A7Hacid value, AV)E EEF
AXNFEY A o) F43AL, H38E7Hperoxide value, POV)= AOCS
Official Method 8-532.2 Z7A3lH o1 meq/kg oil2 HEA)3HT}. TBAV}
(thiobarbituric acid value, TBA)= Tarladgis 59 457 S&FHd w&} n}
AP AE 25 10ms FEF T, 20mE 3t Kjeldahl flaske] W3
50% |-&9 05mE 715t 37 SHAIA S0mE AL FHY F Smeol
TBAA]¢F(0.02M 2-thiobarbituric acid in 90% glacial acetic acid) 5m¢E w}7)
AE Ald#d ol F EFT F B & FoIA 3087 /g o
E A2dA 2083 ¥FAAZ F ¥FFFEA(UV-1601, Shimadzu, Japan)E
AH&-3t] 530nmel A FR=E AU

e. SAA=

EAAYL 33 wrEo g 3ty PAX 9 REUAE Yoy, 71&
= HAMe 71Ex AAre 9 3689 HEA e REAAR YA Fo4
HZFL SPSSEA packageE ©|&3 ANOVA testE AA 3 ¥ Al HAZoR

Duncan’s multiple range testE AA]3}gt}
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(2 A+43

1 @3¢ 9% & pH

A Bog A7 7] wEe Us 2 pHe ZdE Table 49 2
o 95E 93 IS Jegnz F7)9 4 #d 3o 329 3
H7} AR P29 shtolth. st ¥A W BuAe] Fobd slsAel ©
AR =, AUAA ANA HE f4A B2 4A¢ dehlel FEAo]
FojA)A Hed oz B4 YR FF, F5e, AW EF AHS
3, W B¢ PHG A2, BFA TR MY T LES AT F
o] 4g¢ nNE Aoz EA Utk B APelA wEe WzE tiAln
pug 3% A7e MBI/ 129g/mlz fFoz L FF BT
127g/mLg vehd dE2ZH 6% A7 aEStE F4H Hfolg UehhA
atch thAEl BEg 9% F7HE A7} 118g/mLE 3% 7 AEEG
oz ge YEg Uehlo] gAnt 2o wiEe] Yo JF HAE
Ae & F ANUTh W= pHE ThAm} BF 3% A7t F7)7} pH 6782
2T pH 666K foHoz & FA& Uehlidth ¥%9] pHE &
AR 7719 g3t ol@e] Axo] JFe wA & glon B Aol ThAwt
BLe 6%} 9% /MR ARZY pHE 22 pH 6759} pH 6.659] $38
Boln EZHE R HolE vehiA ggith
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<Table 4> Density and pH values of cookie batter using sea tangle

powder

Samplesl)
Control S-3% S-6% S-9%
Density (g/mL) 127+0.01®  129+003*  1.27:0.02°  1.18:+0.03"

Properties

pH 6.66+0.02°>  6.78+0.05°  6.75+0.04"°  6.65:0.08%

YSamples are same as in Table 1.
3~¢: Values with different superscripts were significantly different by
Duncan’s multiple range test(p<0.05)

2. 7719 MAA, FEHFF L 39

HAARL wFo] FHAHA F5A A3 HFsr] AFstA ¥ | @
W AQl glutend] §7 Ho|(glass transition)2 A&H )7} Ho W9 &
ol 9 W71 dojysd FHL 4R vF HAA o5 2HE
ok ek Fo] BF ) B fEiEe o= FxY HFAPS 2N T
e, 39 S8 BgAo] uig ol wFe Axxr} wi$ Fobd
of @t fEol Bod B AEE /AR R o mFFo] FolAA B
t}. Al £7)9] HAA ASE Table 59 o] TAlul 2% Frigo] &
42 AL Aoz JYggth dExEd tAHr £ 3% HUHEI17E HAA
o] ztzt 944, 9422 WS AL, 6% A7} 8.09, 9% H/ME 78602 vehd
o5& WETEY © FHA Jebgth F7)9 FEFFL dAnt 22 HIL
Fol BL4E EgoH, RFEL 3312 F9Foz g e FRIFS
Bk gAel #£7)9 Bue iz F 1831, thAlnt 3% A7 19.21, 6% F7}
1943, 9% 7} 19542 e} gzl ws) chAlel B3E Jrkg #7)9
B2y7}l o Bol FVlHE A2 UEyT ol t& F7)d #F A7
MNe g2ZRY J7brd 3% F719 37t o g FUHEANA Ra
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Ho] & Ae} Hl%e AFL Uehigich SAE 22 Arle] njE 2o
Z7e WrARs} gAlnl B o AP B ZSue s aTe) o
& gsolatm Alm @

<Table 5> Spread ratio, water content and volume of cookies made sea

tangle powder

Samplesl)

Properti
operties Control S-3% S6% S-9%

widthness (mm) 71.90+0.04 71.71+0.04 68.11+0.12  67.01+0.08

thickness (mm) 76.11:0.06  76.55:0.05  84.12.11  85.23+0.14
spread factor  9.44+0.01°  942+0.05°  8.09:0.06°  7.86+0.05™
water content
(%)
Volume(cm’) 18.31 19.21 19.43 19.54

3.31° 452° 5.25% 5.95

USamples are same as in Table 1.
®~€: Values with different superscripts were significantly different by
Duncan’s multiple range test(p<0.05)

3. 719 Mx

gAlwl £7)9] Mx &4 AdE Table 63 2ok £7]9] M2 A 2
A 3toA F2 Bl o FFo] Am, FATFe] 3 HlEAZF WA
Maillard %k-g, dol EXHE Foll 9 sletds} vh-go) o3 713 & 9%
S Beth o] HEEEL v 2 25U} Hedeg QB Yo guMAg
A WA Bk #719 B I=E Yehlle L dRTo] 75.9582 &
g3e g 71 YA HrHE AU 72918 YERd gAlvt 22 3% HUlEd
= FY9HA Aolg HolA ERth AR EHL FEE YehiE agte o
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Alek 2% 9% A7bEol FeFoz EAo] A A¥S Y unA
ABEEL FYARE BHolA &dth F719 :=FAHEE Ul batdAe
ThAlEE BT 3% FAME FI17F 276022 fFew Mg e FAE Y
B E 2 g2 hEF 2584, 6% HUIE 25419 & BJth

<Table 6> Color parameters of cookies made with sea tangle powder

Color values

1
Samples” L R b
Control 75.95+1.01° 1.37+1.01° 25.84+1.02°
S-3% 72.91+0.21° 1.35+1.21° 27.60+1.02°
S-6% 68.38+1.02° 1.37+0.55° 25.41+0.25°
S-9% 65.55+0.45™ 1.63+20.63° 24.51+0.01°

DSamples are same as in Table 1.
®~¢ : Values with different superscripts were significantly different by
Duncan’s multiple range test(p<0.05)

4. Rheometero] 2]3l Texture 54

gAlel BE2S Ut 322 A £719 Z5EE rheometer2 33
A= Table 73 gt} A} BEre A7 s A gFo] gz Hise =
& A%e Yo} SAln BT 3%} 6% A7bE dolME #9482 A
ol HolX gttt ol Aye FUIA EEE FI)d AUMAE o Hot
Fo] F71ge) Wl A=Vl wolRte A7 AR XA, dasy A
g 79 HA7MNAE i 2 ol /1S Axrt FUksidAte Rig
E dX3te AHRE e AT

Wi
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<Table 7> Rheometer properties of the cookies made with sea tangle

powder

Samples”
Control S-3% S-6% S-9%

proterties

hardness
(g/cm’)

USamples are same as in Table 1.

11,000+4.42°  22,000+2.63° 26,000+3.42° 39,000:4.12°

#~¢ : Values with different superscripts were significantly different by
Duncan’s multiple range test(p<0.05)

5. ¥53A

TAvh BEe WAR FAC dte] 0% 3%, 6% R 9%E A AAY
FIE Azxde AT OArl 2T AESE ¢ FeFAE AA
3 A Table 83 2t} 7)o AL 70| 53322 7 w4 YEls
on O Yggo2E 3% AUt I/t 525802 & wkd, 9% HUVEL U}
F e AFE BAT #7719 gt M= 3% HrlTol 5232 73
EL A$LE BYoH, 1 g €22 dRFAA 4908 L JEW I, 6%
AlEe dERTET o Yol 42138 Je Ak Frld X x 3% A
7} FI19A 71 Be ASFE UEHL 9% HAUtES 7MY 9 AFE R
qow, ArtFe] @l FJFHA Aol7t AN AL 3% H7E #7171
447402 A Jeigon, AvtEQl 713EE 3%, YRT, 6% 2 9% £
2 3% #7} #7743 ' AFRE JEho] f9FHL o] (P<0.05)7 A
At

— 120 -



<Table 8> Sensory properties of cookies made with sea tangle powder

Sensory attributes

Samples” Overall
Color Taste Flavor Texture
acceptability
Control 5.33+1.09° 4.90:0.73° 4.62+1.14° 4.13+1.07° 4.68+0.86°
S3%  5.25+1.12° 522+122° 4.63+1.28° 4.47+1.13*  505+1.17°
S-6%  415+1.01° 421+1.09° 3.94+0.88° 4.30:1.02° 4.52+0.65°
S-9%  3.15+1.34° 2.92+1.08° 3.23+094° 3.58+1.33° 3.33+0.97°

USamples are same as in Table 1.

Means+S.D.(n=10). Values with same letter at the column are not

significantly different(p<0.05)

6. 713 AA}
THAleE 28 79 7135 HAMEAHAE Table 99 20} j#L EE A
7} 371004 5399 X8 HolH 3% Hrl7e o] 5.049 ZOE 6%
2 9% H/IPEG o 52 J|Ex9 AL BHA 9]¢ 14 Jvle
3.730 A 4.869] FoZ 3% Il FIE /M Folsts AL YEe

o, W2TH 6% H/tTe

& JlzEe YeiQL. F79 zAge 3%

A7bolA 5.0182 713 EA Jelgoey dREHE FRE Ho|r go
9% H7bEe ZAZLL 4169 FoE UE ARERT ¥ HFE BY

=

th

[}

—

=
s

loh

ol
=
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<Table 9> Acceptance test of cookies made with sea tangle powder

. Samplesl)
Characteristics
Control S-3% S-6% S-9%

appearance 539+1.02° 5.04+1.23* 447+142° 3.71x1.32°
savory flavor 4.75+098" 4.86+0.86° 4.75+0.65° 3.73+0.88"
texture 4.68+1.23° 501+1.32° 4.66£1.33® 416156

overall b b
5.08+1.03° 5.33+1.23* 4.64+1.32 3.71+1.41°¢

acceptability

DSamples are same as in Table 1.
MeanstS.D.(n=40). Values with same letter at the column are not
significantly different(p<0.05)

7. AF F F719 F438 55
7t. 2719 WSt

A7be FARAEY ZtFEdd oA IAHE ALY FFY =
ojtt. FEANFL AFAsE FAstY FZA AeE o= 9ol Ao
ThAlel BEg HUbe 719 Ao o A2 4rh= Figure 133 2ol
A7 0o 049-0500)3 0.9 A@7|ztoe] Z#Agte wet ZE AP FAA
A7V FoF o2 FUHIAT tAer £ AUt e HstE 4SEd
HzTERT H7REdA "R @koen, 53] 3%t 6% b FI)AA 43
2SA gEhd A A3t JAle AdFolATE. dE2EFH dAvt BE 9%
A7MEL AR 15Y o|FHEH A& FUhsle FEFS Ao
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Figure 13. Changes of acid value in lipid extracted from cookies
during

the storage at 30T

. 34stE7te] wst

oAl B2 d7h $919 A% F A48 7ke Figure 1494 2ol A 0
Ao Bars}E7HE 2.21-261 meq/kgol1 ot AA7)7te] Ao whel =
Ad7e FAgEIL FolFez FrHAY. HAsETLe] T BE
A% BA7ARE 4t FbsiT7L 3047HA] 243 Sk, 1 F 3
28 A% BAT ARV E d2Ee AsHog Frisid, A% 30
d AolEe 1021 meq/kgE 7} ¥L FAFEVIE Uehitrl o Fee
Z2dtgoh B8, A B2 3%t 6% Ark 7 dxel vs) 49
AR AdE RPoH, 9% H7t FdAME dxTRUE w2 FI5HE
+8 Ueggoy gAnr B 3%9) 6% d7 7719 HlusE o A8E

fo
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Aste Aoz eyt £33 2§ A5 30Y olERHE #ide A
Fs EQY AF 5 #AstEVEe] WE g A A3tz Q3o ¥4
g FikstEo] 22 ASER RIAHAY] HEolgE Rudt 2L of=E 3
ME F Ao AF7IEe] AR wE HAs B AstEe HitstE e
BA&ERGE Bi&rt Bt AR 71 AY v H4sE7)
o] Z&7} peroxide ¥y Ao 43 g 70 Fx e AL
2 E F Utk

12

-
o
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@
T
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—u—S-3%
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Figurel4. Changes of peroxide value in lipid extracted from cookies
during the storage at 30T

th. TBAZ}9] w3}

AE F Y %A 53] BEFAAL st AP o}
8183} carbonyl 3}EL 4A3}e], TBA7}E o|f) A4 ¥ malonaldehydes}
2-thiobarbituric acide}e] HMEJAE WA AFAurgo 2 Aurzae] Ak
HEE golre Wyolth tiAlvt B 7)) A% wa TBAZFS ¥}
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£ Figurel59} Zo] & APFAA AZ A 7S T3 F7H8IA &
Alal B2 F£7)9] TBAZFE Axtzo g gzFd) g *23e vehl A
o] A3E AANAHEE & F Ak Aet L A7MFAAE 3% 6%
A7} FI17F 9% F7FEN1 RO e TBAZLE Uehlo] A7ksl fA A3
& 2o, dzFe] /M A4 JeEEth
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Figure 15. Changes of TBA value in lipid extracted from cookies
during the storage at 30T |
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A5 A GARE o188 SEAF AL
S RER ET

O 934
1. 4348 2 A%

Alup B2 20058 4R AZFGEIE vhe: Ad EEF)E 7Y
o AHEET. 488 fAE FASAS HVHEA F2 &5 A dFH(F
HHFAF)E I BEso *}%3}31; gArskAl 2 BHT(SigmaAl #F)eh A
Agak3kA1Q alpha-Tocopherol(a-Toc : SigmaAl A|F)S AMg-3l1, FE58v)
¢l methanol(MeOH), ethanol(EtOH), ethyl acetate(EA) % petroleum
etherPE)E 25 17 A%& AHgath

2. gAjul &89 A=

243 AR 100ge MeOH, EtOH, EA 2 PES} 1:10(w/v)o] A st A
2o ¢ 20Xt A= wEkE F 10ColA] 9,000 rpmo 2 30837 94 &
gl F5AH ZALE R F At ohA] 5uje] &g Jlete] 4X3E
ARl e zHo e Y4 s A5d4E Hgo A5dH ok
o)A Whatman (No4d) &#AXZ e & AAAL 40TAA 7Y ¥F
3t A9 ¢ 1/5 A=W A § H sodium sulfate2 GFA|FH THA] o
Haled 4A FHFA AS FEEE A
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3. gAlv} 2 ES AZE A SUFT R Az 43 53

dzTe 714U dFf9E 83, 48722 MeOH, EtOH, EA ¥
PE ThAlvl 28-S 714 tiFHF 200mLe 0.05% sx=2 F71ech. BHT
o} a-Toce 27 0.02 %(w/w) F7hstel AZPT 228 A7MEEE 4
§4 EAZ QI uAdY A 3 o3t e FRdAME P43t AFvL
=R o} 0.05% ooz B

W2} AT S 4F 587 magnetic stirrer2 TS H, ol AEE
50+1C e 7114 A8 WA Ovend# Rancimaty oz §3assg &
3ot Oven§ & Z+ AJEE 200mL Hlo]A ] ul7l glo] 100mL ¥o] 50+1TC
gerlolA 309z AN W) 3587 R TBAZLE ST W7}
£ EEZAARA AYPYes 398, FUsEle AOAC Wz 24
3l meq/kg oilZ EAJFTE. TBA7L= Sidwelle] Wioz A3t
Rancimat W2 tAlwl F&E % BHT, a-Tocg diFfol A7 F
Rancimat(743, Metrohm, Switzerland)E& A}&-3to] F7]H<4 20 L/hr, 2%
120C el A conductivityE FAHFLEZN FE7|HE At AL H
n HEF)

4. A v} £EE H/S wFe Ax

) Zate] AzRe Y JAQJ] (F) THAFGNA A 2§} Table 13 2
HE&2 97}F, gAv £33 A58 B2 {isdd. 47159 gAe 29
£ EF3Y AR I F, £2FE U ES ¥ FEo] 1F FolA 3]
el &£o2 ¢ Yoz F3 F, ¥F7|(TR-200, §97])oA 2@z
28 7183 3vo g 28 wEdth 24 y)A(Aryuk Co., Korea)& o] £3}d]
AL émmoA 28 do] H7] g Fo 2mmeA tHA] $H Lo] ¥
% §F AT Z7|(60mmx 20mm)E FHA FYo| AP S A EZE 30mm F
H ¥eth 4349 852 HZ7|(HEDF-3040, YN A)E o83t A&

L

(o

e

ek
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H2 ¥ Folg 7+ Aol Ao} 108 LA VIS W F 08T 4L
A 28]z AHP &7)(Tupperware)ol] ¥Wo] LB 3o AP ARZE o]
g w7tx] WE 0l (-20£3C) AAF)

Table 1. Formula for Maejakguwa made with Sea tangle powder(%)

Sample”
Ingredients  Control  L-3% L-9% L15%
Wheat flour(g) 100 97 91 85
Salt(g) 1 1 1 1
Sea tangle powder(g) 0 3 9 15
Water(%)? 45 45 45 45

UControl : no Sea tangle powder
L- 3% : 3% Sea tangle powder
L- 9% : 9% Sea tangle powder

L-15% : 15% Sea tangle powder

JBasis on the total weight of wheat flour and Sea tangle powder

5. OAlvl RS A7 wWF e §43y 534

50£+1C 7|04 404zt AZE viZ#E Folchyo] st {FAE F
&3t F, vj&3} 100 go chloroform : methanol (2:1) &3 &9 250mL
Y31 homogenizerZ v}d ¥ o73te, AR q FAALE FE st FAld
thA] 250mL &) & 7hete] FEEch ol T2 EFS 33 HiRse A2
ozl g BF Fete] B ZAurid ¥ 1/4 7tFY FFFE 78I A
g3 £S5 EFsL YF LA 2 WAY F chloroform F& £2
3l sodium sulfate anhydrous® BA1Z1 ¥ A343t;. AHHL rotary
vacuum evaporator2 40TCoA Y FE5F F AFde |vlc FL7tE=E

$A3] FUAA £ AEL det) AEH/9 A7Hacid value, AV)= FAA]
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B o3 ZAs}x, FA13}E 7Hperoxide value, POV)E= AOAC Y
o2 ZA3Y meq/kg oil2 F At} TBA7}(thiobarbituric acid value,
TBA)E Tarladgis 59 %7 $HFHl W vl A8 2g& 100mL 3§
3 &, 20 mL 34 Keldahl flaskd] 23 50% 489} 0.5 mL 7}3lo] £
%71 FFAA 50mL 4 F7F9 F 5mLe] TBAA| 20.02M 2-thiobarbituric
acid in 90% glacial acetic acid) 5mL v}/ e A|F @] Bol & EHF F
BT 5L FoA 30&7 7143 ol HAoA 208 YAAD F %
BEA(UV-1601, Shimadzu, Japan)& A}g3te] 530nmely FR=E 238
o}
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2 ¥+4%
1. Oven§o] o] @ thAjvul Sul|FEE 9 443] AAHA

Aol FEEE 712 giFol A7ME H 50TAA 3047 AFsHEA
A7HE SAF E2AE AWEA Fig 13 2o A7 FAFe vl
A7Vt SRR Y AL BoASFE qREY g7 g2FRY
2 A EAAE BHon, 53 MeOH FEEL thE fvjd Hl3) &
H3lE JeEhA ggton, datst gyt & Aoz HmEHUY. &)
d oAvl 289 F2AF A diFRd g FAsEAE MeOHo
BHTS9} H|%3I{ 1, o-Toc g HIRE e FEFERT ¢ & i3l &
& B3, PEFEELS dzTd vd] 29x F=8AR Epch A
ZHog z+ g gAlnt FE&EC] ERFo Hstd e AtE JE
FHALT S AT EZN P Ayt Je Aoz BFHJG
33127k Fig. 29 2] A% 54 o|FRE F78l7] AFst o1 F
259712 F43 718 F Aade AF¥E RAY 7 8uid FEEL
HzTEG @2 AASEILE YEA L™, MeOH F&E-2 BHTS M
< FEES B9 43 a7 vl & ALE vaEHAY Z g9l
#2829 TBA7I+= Fig. 3% zth 2E AgzdA A% A 71208 53
o F7HtAed, dAInt &l FEE9 TBAZ/F AdtASE 279} o
-Tocol] W8] @27& YEflen, 53 MeOH F&EL 22 TBAVIE
el Ao stE EAFoZE NANASS ¢ F A
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Figure 1. Changes in acid value of the soybean oil added with

solvent extraction of sea tangle power.
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Figure

2. Changes in peroxide value of the soybean oil added with

solvent extraction of sea tangle power.
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Figure 3. Changes in TBA of the soybean oil added with solvent

extraction of sea tangle power.

2. Rancimat }go] 9§ tAv} Gu|FE& 5] 33} <A

Rancimat o] &g thrju} o3& E<] tiFfo o Fasige
Table 28 H@ g2 A$ §E7]7re] 255+0.038 0 2 v}elyts, BHT
7 312:0.05%, o-Tocte 281:0.17%, EAFL 293:0.16%, EtOHIT&
309:0.01%, PEZL 256+0.18%, MeOHZ & 317:0.058°o2 uehl,
MeOHZ& BHTZ w®ls] 343t &d7 A4 uegten, EOHTES
BHT#EUE Qo t& Asvd HEgds o & i8S 1y
t}h. o] & AdE Kim $(1995)F Choi 5(1992)¢] HFZEETF A EA
AAFAS A o] e AFNA MeOHH EtOH FZE9] H/IA 87 7H%
Gzl aast A JeEld Ao2 B33k A Park F(2005)2 7712 F
& 7oA MeOHS} EtOH F2E9 43 axrl 713 $53dt
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£ Bu9} v&sdth £ Jang 5(199%6)5 L LU} FEHE9 s
EHE 53T A7 MeOH, EA, EtOH F& 9] ¢o2 3itsigo] &4
et Rudte & 47 AA7} vl

Table 2. Induction period and antioxidant index of soybean oil

added with sea tangle powder

Group” Induction Period (IP, min) Antioxidant Index (Al)
Control 255+0.03% 1.00
BHT 312+0.05 1.23
a-Tocopherol 281+0.17 1.10
EA 293+0.16 1.15
EtOH 309+0.01 1.21
PE 256+0.18 1.02
MeOH 317+0.05 1.27

YGroups are the same as in Fig. 1.

?Mean valuetSD (n=10).

3. Alvl 24S JAUE v F3te] 37}

ke FARAEY ZHeEdfd dsA 3498 FHAATE g A
E24, FEAREL A5AE A9 FAE A3AIE dlol B
THCho9} Park 2000). Figure 4= ThAjwl B3 H71g ufztste] Ao

2 A4 47t ¥sE Uehd Aeg AR 104974 @9k F7h8
47t 2 £2 343 FUEAG. AAlEE 22 Ak g2 WilE Ay
B dz7RY H7E oA 848 B Jdehg dAst F&280] viFyg
o A % FAALY esterdFe R AR} fE] AW A
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He AdAsed ARHYL 2o FUT Ra $(1997)e FHAAY g
€& FZFEEL linoleic acidE 7122 & APNA FEEY 7l =71 5
74 we FAAFEEst ST, AME 23 A gz vl
frx7)7te] 3518 ARHUS L BudPgoen, Shin F(2004) $ug A
FEES ATE 299 F438 AN FHFESES HAE Aol A
o A7lE YRy AWl Y AOE Hud ¥l Ytk B A7 A
NE Alel B 3% FrhFlN Al ke vied b avl
A+E & F AJL, 2T G5 A £F 9% HrbEol Awe] iteE
REev B3tk vk gAlnt But Frlgo] gL 15%NE A%
30 o|FHE A 40¥ 71A 27 & Ao|7t flo] AL vk
W7 BA et el A0g JAsed Adsl BojXe Row
vhebsto.
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Figure 4. Changes of acid value in lipid extracted from Maejakgun
made with sea tangle power during the storage at 50T.

Sample are the same as in Table 1.
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4. A v} 2Eg J71e dF e #3871

ChAlu} 22& FUhe wiR#e A% F 3433HEVHE Figure 59 o]
A7 0de] 35 ~4.0meq/kg o]Ro AF7|zte]l FHFel utet ZE 4
7o It EVF fFez FUkstAY. HAsEVLY] Fh A
A% 20974 % FUHE G 2 F 304AA 543 FUME A 2
¥ zaste B%E B4 =229 E$ A% 308 Aol 38meq/kg =
Vg gL AASEVFE YETYE 2 T FAEAT @8 gAb
B 3%9 9% FrtEL gz vs 4AE EFGE B A A3
E JAEES ¢ F Ay, BE AR 309 o|FHEHE #FA3}e 4
&S Bt Cho 5(2006) THAIvt &S UM f719 3¢ A7t
o] Aol wet HAEEILY Frt AFE AR 15474AE 4L F7t
ol A% 3047HA F43) 78I, 2 F ZAsE AE¥S JE
£ d79 2#49 Hizsdnh. A% F FaAstErte ¥st 3% A
A2 st A" FAEEC] 2% FEE EHHAUY HEClFHE
B 31(Gustoned} Norris 1983)9} 22 o|f2 348 + Y& AL=ZE BQ
ok AF7Zrol Ao wet FisEVI HEEe HAstEY] A4S
EROE & e gaiditie AR 7] A Y (Min & Lee 1985) 3}
312719 ZHA7) peroxideR 3y @A FE FEe 70 =
JE A(Awad F 1958)0.2 B F vt F7|& £4& FH7tg wizae]
&8l A A(Park F 2005)o) 4 HAASETLY A9 A 20971A] A A 8]
717 2 F AA 30¢e] HUAE JEd F ZAsga Bug
vh lojA, B A} HlxsAoh
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Figure 5. Changes of peroxide value in lipid extracted from
Maejakgwa made with sea tangle power during the storage
at 50TC.

Sample are the same as in Table 1.

5. g Ajv} S F7He vl F3}e] TBAYL

21F Fol FHE AWA 53] BxsAYLE 4 g o
HAstEH carbonyl BRMHES  AAsH, TBAZI:= ol AAE
malonaldehyde$} 2-thiobar bituric acid 9}¢] A EFAE PA3tes FH
o2 AAY AEE Yotre Wolth tAnt E2E UM v
Ztate} Ao wE TBAZFS] W3le Figure 63 2t EE AP AN
AR71zre] F7tgel wet TBAZLe AAZE F7hstgded, tAlet £28
H74e viFste] TBAZLZ Awpzo s dizgd] Hls 2e #e e
Ao Aste AQANATES & & AU THAvt B2 FJvME AN E 3%
¢} 9% FA7bol ERTRT & & vehl Ao AsE AAXNAS
< ¢ & UANAT, 15% A7MEL AT 30U olFde E2TEIA} A
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vl &34 dehd 2318 A AsE FAAe A2 YEEth Cho
5(2006)9) Baiol] ofstd thAwp Eig HUME F7)9 AFHAY F o=
ol vl3lA SAlel H7kre] TBAZEE Axbzoz v £3& ngon,
53 tAlnl B2 3% H7b #7917 R& TBAZIE vE & 4+ 29}
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Figure 6. Changes of TBA value in lipid extracted from Maejakgua
made with sea tangle power during the storage at 50 T.

Sample are the same as in Table 1.
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