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- Cellulose, protease, alginase
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SUMMARY

I. Title
Production of seaweed essence oil and its applications as functional materials

and food additive

II. Objectives and significances

- Prepatation of essential oil products from seaweeds such as seatangle, sea mustard,

laver, and bundle

- Application of seaweeds essential oils as food antioxidants & antimicrobial additives
of marine processed foods such as Jeotgal, Guamegi, Kamaboko, and retort pouched

seafood products

- Identification of health functionality in the essential oils of seaweeds

IT. The contents and scope of this study

- Extraction of seaweed essential oil from Undaria pinnatifida Suringar, Porphyra
tenera, Hizikia fusiforme and Laminaria japonica

- Identification of biologically active substance from seaweed essential oil of
Undaria pinnatifida Suringar, Porphyra tenera, Hizikia fusiforme and Laminaria
japonica

- The application in the processed marine products for ramoval of fishy smell
in the pacific saury guamegi, mackerel fish paste, pacific saury retort and
pacific saury fille products by adding seaweed essential oil as food

additives



- Extension of the storage days by adding seaweed essential oil as food
additives

- Quality improvement of marine processed products such as guamegi, fish
paste, retort pouched seafood products and Jeotgal by adding the seaweed

essential oil as food additives

. Results of research

Ideal extraction method of essential oils is the ethanol extraction method
Verification of anti-arteriosclerosis and anti-lifestyle diseases in the seaweed
essential oil fed rat

Identification of the Key compounds such as 5,7,8-trihydroxyflavone and on
antimicrobial activities of the seaweed essential oils

Identification of the Key compounds such as benzoic acid, nonanoic acid,
and pentadecane on flavor of the seaweed essential oils

Identification of the Key compounds such as hexonoic acid and nonanoic
acid on flavor of the seaweed essential oils

Developments of antioxidant and antimicrobial fishes processed products
such as the salted mackerel product, the mackerel kamaboko, the filleted
pacific saury product, the pacific Guamegi, the Myungran Jeot, the
Changran Jeot, and the squid Jeot by adding seaweed essential oils as

antioxidant and antimicrobial additives to fishes processed products
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95%

1000 mL Erlenmeyer flaskel] ¥ %

o
=

, %, gAw, el 100 g

oetg A5l 5ul(w/v) 500 mLS FH71g Fo 30TelA 30

oy
-

ol

3%

é—l_

3%

bol olgre F29

S|

: Power SONIC 520 HWASHIN)3} S Tt

< (sonication

oju

mm-pore-size, Whatman No.2)Z o}

of
!

skef ol

e E

735 =7](Rotavator :R-200, Buchi, switzerland)= 40T ol 4]

o
=

No

Fd 371

Holl cellulase, protease, alginase &2 &E4AE XA g3

H}

]

}7

3

ol

-
o

7F. DPPH 2oz &A

2] ZHH#<l  aa-diphenyl-£

lel DPPH &}t]Zo]

S|

grige mazA R

A

2}

-picrylhydrazyl(DPPH - )& ©]-&

(#9714

i
T

Al Jasco. JP/V-550)%

I3 =
[o e I

1=}
L

]

100 ug/mLe FE= 3

=i
=

(5:4)° =44 01, 1, 10

DPPH 3.94 mg<

ke
T

blank =

o O
NS

ojo

o] AlE &9 250 pLol DPPHE&Y 1 mL

ofgk& 25 mLe| =< DPPH

2] 7]((HITACHIL, 6000rpm, 15C, 10min))°l

=

blankZ DPPH &9t} Al

tRom 33 Wi

tel 24 3

S|

o] &2 7t
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DPPH &A%(%) = 1 - LA (C : control, Ss: sample, Sp : sample blank)

FHANE SJsl A FF= Escherichia coli KCTC7039, Bacillus subtilis
KCTC1021, Candida albicans KCTC7270,  Streptococcus — mutans KCTC3065,
Staphillococcus aureus KCTC16212 A4 =787 AW FSAT4A FHAA-2P 0

sne Zoppgith #e A wekstel AL,

ol Ao FEEA
Nz Fio A AL paper discBP)S FHs S AASAL 4 #+F 1
WMol FHsEY 5mle] brothell HEFsRaL, o] dAE Y 1mlE F77F 4~5mm<l Hj

Ao FYF F TR AAGHE FYS

O/
ol
X

EL
R
kl
iz}

7% 6.0mm filter paper

—

disc(Whatman AA Discs)E wlA 9ol 1, sl A/} Ethanol, T/FTE 24
1:542 A7 A HAE 500¢¢/ml, 1000xg/ml, 1500xg/ml, 2000xg/ml, 25004¢/ml
o] =2 FAANFAHY. FdE F

Zo9] gujE WA T 37CAA 4843 F
Hj &3t Paper disc 9ol /¥ inhibition zoned] 7<%

2t #4454 3% = (minimum inhibitory concentration: MIC)

Nz Afol st A2YFAHAEEE Kudo 5 FHIS FAHsI A9
222 A= 9 2o Poz AFEL AR FE 5002500 ug/mLe FE
71l #FE5 2 mLY &

.4
37°ColA 48A1ZF wieFste] m =2 S AR5 Fste] H2YFAS S
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=838t &+t (antimicrobial)&4 &3 ©A AE 2 ARSI T

g APl A8E paper disk (8 mm)E Toyoroshi Kaisa Ltd. (Japan)3]
AHAFS TFYsH AMESE T B Aol A8-E F S+ Esherichia coli KCTC2469,
Staphylococcus aureus KCTC1621, Candida albicans KCTC7270 ZA 7223
(KCTO)ZHE Yol Algstd o, 27 S &2+ Ampicillin, Amphotericin BE

Aesch 9 Aol AEE &) R Aeke BF wE UF Ak Apgdl

= A A=+ Bligh and dyer WIS 7Rz F3Ht (Fig. 1). Aol A&

H 4 ANRES SHTE AAL & &S AASHL homogenizer®E Y 3HA

St

gstAch vlAA F 100 g A AFHASIY CHCL 100 mLE ¥ 443 =,
MeOH 200 mLE %ol #2 Wyoe=z A3 st 8000 rpmelA 1&3F
homogenizing, CHCl3; 100 mL 7}& % 6000 rpm®l 143t homogenizing, &
100 mLE 7}F8tal 2000 rpmoll Al 30%%t homogenizingst T nRE g AISE =
“+ buchner funnel°l &AA H3H3] Flod3 st o] o] FE3] A=A 4

#ZFo] CHCLE #ALS AojWl 3, of7|o] CHCl; 150~200 mLE 7}t 8000 rpmol]

=

A 13+ homogenizingdtil THAl FlFE k3T ©] W2 separate funnel =
&7 = FAE st 2508 EEt @ FEES AAEHaI B2 5, o

2o F NaSO s 7Hte @58 & ARAR AHRE & g2 FTh=a=



%7 rotary evaporator® F=%IATE HEFI T IR &AA SHE oA

3] AAS, dAE FH3A 20T HES S ALEFATE

Washing and Cutting

!

Sample 100g
| < CHCI5 100ml , MeOH 200ml

Homogenizing (8000rpm for 1min)

| < CHCIz 100mI

Homogenizing (6000rpm for 1min)
| < HzO 100ml

Homogenizing (2000rpm for 30 sec)

|

Suction filtration ( by buchner funnel)
| < cHcls 150~200ml
Homogenizing (8000rpm for 1min)

!

Suction filtration ( by buchner funnel)

!
Separate Filtration for overnight

Chloroform layer Methanol layer

Fig. 1. Flow chart for preparation of active extracts from seaweed.

7t A 59 A &4 chloroform &7 F84 < methanol S 2 UFo] F
2 BRI EZ disc-diffusion assay®? & ©]&3le] A
<+ SAHAJT. AP AEH 7+ 3|EF (Jinuari, Dolkim, Suemiyok, Southsea
seatangle, Sagunjin seatangle) F=&<S Evd 27 8 mm paper discol 2.0
mg/discd] TEZ FI3t Az

<8 HlFStal discE X33 growth inhibition zoned] A& FAAT Al
G o] oFF 2]l Ampicillin, Amphotericin BE & A (FA) = A8t vlad st

)
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(3) Vaccum liquid chlomatography(VLC) &8 731 <A =74

Crude F&% 3MEZFEE5 THA silica gel vacuum liquid chromatography =4
Z 10719 gRroz e F 7t BYFS FH#APd =9 AR (Fig. 2-3).
HHE paper discoll &5, AZRAIA #57F E2H plate EH| &HFL §F 37T
incubatorol] A 24A13t vl eFate] disc ol A E clear zoned 27 (mm)SEF-EH
7t B3 E] FEEAS 1, 22 AA SAHIFAWN. o] AFHERE H:AHNEE

(minimum inhibitory concentration : MIC)E 413} 3 T

(4) TLC (Thin layer chromatography)ol 2|3+ -

Aol AHE3F TLC plate= Silica gel 60 Py (20X20cm, Merck KGA, 64271
Darmstadt, Germany)< AF-8-3}% 9™, plate= 105C oA 1A1ZF A g5t gt
% A83t T TLC plate 91l vaccum liquid chromatography (VLC)ell &3l &

Ho FagdS A E4 diste] HASt 25% methanol (in CHCl)oll 7N A A

o

28 2o 9AE #lsla, 50% HS0, §9S plated] 53] 105~11
0C2] dry ovenoll ¥ATH7F 10% Fol 7AWl &Rlstnt. #eld 22+ bandE
Folol frel 87l "ol FE2&mME Ho] 20T Wsaro] BaAstHA APl A
&3ttt

TLColl o3k &2 779 AAFA HAAM & a35 YERH bandol thsle] 7]7]
245 A3t &, UV spectrophotometer (JASCO, Japan), HPLC (HP 1100,
Hewlett-packed, US.A) 522 &g EH tig 7I7|&4 S st A9

BAE F4s8t] Bkt
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Extract in the
middle of cohu

Silica Ge)
TLC grade

Use Course Porosity
Vacuum Filter Funnel|

e

Lf

Fig. 2. Fractionation of crude extracts by Silica gel vacuum liquid chromato-
graphy (VLC).

Crude Extract (preferred 2.0 gms)

Size of VLC (for 2.0 gm, use 350
2.0 mg for paraliel
crude exiract esting Sifica gol___ cmwide x __cmhigh

Violume of solvent = 300 ml, of cach

REEREREER

ol
00 000

H : hexane E : ethyl acetate M : methanol

Fig. 3. Fractionation of crude extracts by Silica gel vacuum liquid chromato-

graphy (VLC).
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Table 1. Composition of basal and hyperlipidemic diet

Ingredient Basal Diet (%) Hyperlipidemic Diet (%)
Casein 20.0 20.0
DL-Methionine 0.3 0.3
Corn Starch 15.0 15.0
Sucrose 50.0 34.5
FiberV 5.0 5.0

Corn oil 5.0 -

AIN-mineral Mixture? 3.5 3.5
AIN-vitamin Mixture? 1.0 1.0
Choline Bitartate 0.2 0.2
Beef Tallow - 20.5

U Cellulose : Sigma Co. LTD., USA.

? Mineral mixture based on the pattern of Rogers and Haper(1965) contain the
following (g/kg diet): calcium phosphate dibasic 500.0, sodium chloride 74.0,
potassium citrate monohydrate 220.0, potassium sulfate 52.0, magnesium oxide
24.0, magnesium carbonate 3.5, ferric citrate 6.0, zinc carbonate 1.6, cupuric
carbonate 0.3, potassium iodate 0.01, chromium potassium sulfate 0.55, sucrose,
finely powered make 1,000.

% Vitamin mixture(g/kg diet): thiamine HCl 0.6, biotin 0.02, riboflavin 0.6,
cyanocobalamine 0.001, pyridoxine HCI 0.7, retinyl acetate 0.8, nicotinic acid 3.0,
DL-tocopherol 3.8, Ca-pantothenate 1.6, 7-dehydrocholesterol 0.0025, folic acid 0.2,

methionine 0.005, sucrose, finely powered make 1,000.
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v}, Total lipid &F 53
Sulfo-phospho-vanillin reaction®] 2] & ©]43 Fringe ¢} Dunn'’2] WHo| 2
st AAS Ag 4 A 7 I F vanillin I4He 7Hek] UEhE H 34

S 540 nmolA FFEE SAHIAY. BF AP F& dF FFS mg/dLE

v}, Total cholesterol &% =74

Richmond 5] EAW| o3te] ZAH kit(AM 202-K, Asan)E At&3le] 2
oAt W@dol A B A SF(cholesterol esterase 20.5 U/L, cholesterol oxidase
10.7 U/L, sodium hydroxide 1.81 g/L%f)= JE&ASF &3] (potassium
phosphate monobasic 13.6 g/L, phenol 1.88 g/L &-r)ol &afigh &Aoo A= 20
pLoll Z=Ag G4AAY 3.0 mLS H7FSE & 37C oA 5 £3F incubationdte] A]¢F

blankE 2 34 500 nmol| A

E]o\r
ot
b
Ll
AN
ol
ol
;R
v
=3

= AZAdol 3 €5

FFE mg/dLE FASIA T

A}, Triglyceride & 54

McGowan §'22] Wil F3te] ZAE kit(AM 157K, Asan)E AM&3le] A3
ok Yol A BAA Klipoprotein lipase 10800U, glycerol kinase 5.4U, peroxidase
135000U,  L-a-glycero  phosphooxidase = 160U  31)&  E4AF &3
[N,N-bis(2-hydroxyethyl) -2-aminomethane sulfonic acid 0427 g/dL ¥t &3l &
Mol A& 20 pLol ZAG EAAY 3.0 mLS A7FSE & 37Co A4 10 %t incubation

8t AloF blankE tHEE 37 550 nm oA FFEE

AN
o

sttt & Aol 3l

dF FFe mg/dLE EASIA T

L. Phospholipid & =

o2l

Chen 599 G4l o3t ZAE kit(latron Chem. Co)E AHE3t] A3k

Wugge A EaACF (phospholipase 3.9U, choline oxidase 5.6U, peroxidase 3.6U, 4-
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aminoantipyrine 0.3252 mg ¥H1)= & AA9F 83l A[tris(hydroxymethyl)-aminomethane

6.057 mg ol &3H3F Aol AR 20 pLell AT 2 3.0 mLe H7HR &

37°ColA 20%7t incubationste] I 500 nmolA] B EE SAHSIYY. F&= AEA 9

3 1 §FE mg/dLE EASIALL

Z}+. High density lipoprotein-cholesterol(HDL-C) &% 4
Noma &Y &AaRol] ote] AR kit(AM 203-K, Asan)E AH&3te] A3}
Atk €4 20uLel F7AI9F(dextran sulfate 0.1%, magnesium chloride 0.1M %)

T A2oA 108

ot
)

02 mLE 7lstar & &3
AR AT I AE=HES 01 mL FHet] G249 3.0 mLet & £t 3

7TCoA 5837t incubationdte] A]9F blankE tHx= 3% 500 nmolA] TFEE =

W23kl 3000 rpmeollAl 10 &3¢

3

Ot

tath BF A#de 8 1 FFE mg/dLE EA ST

Z}F. LDL-cholesterol 3% =

o2

Low density lipoprotein-cholesterol(LDL-C) & &2 Fridewald 5¢ ol u}
2} o5 Aol oste] AbEs AT
LDL-C = [ZZd =HE% - (HDL-C + Triglyceride¥/5)]

7}. @% Lipid peroxide 3% =4

Yagi 599 ol whel @3 20 pLoll 1/12N H,S0; 40 mLE 743t &3}
a1 10% phosphotungstic acid 0.5 mLE 7}ste] AoA 5&3F HA3 & A&

gsle] FAEQ] dAHIGHMATN HaA A 1/12N H,S0, 2.0 mLe 10%
phosphotungstic acid 0.3 mLE 7}ét A&ttt JAETS Ao F/T
4.0 mL%} 0.67% thiobarbituric acid®} acetic acid®& 1112 T3 &4 1.0 mLE
74ekal 95T A 60&3t HHgAA Ao W2 ¥ n-BuOH<S 50 mLE F7}sho
3000 rpmelAd  15&%F  AAEEF F APHA TN n-BuOHS  FH 3l

spectrofluorometerE AH&3}{(Ex : 515 nm, Em : 553 nm) S3 =& SA3AH &
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F &Y O F tetracthoxypropane 0.5 nmoles Z& WHOE RISAIA FFEE =
At 52 2ol 93] A lipid peroxide TS 4HE3H T
Serum lipid peroxide(nmole/mL serum)

= (.5%(sample®] §3%/ ZEFE&H9 F35)x1.0/0.02

3. &% Hydroxyl radical &% =73

Kobatake &'7¢] Wiol uwiel &4 348 plol 054M NaCl, 0.1M potassium
phosphate buffer(pH 7.4), 10mM NaNs;, 7mM deoxyribose, 5mM ferrous
ammonium sulfate ¥ Z=FFEA] 333.3 uL7} H =S A7t vortexol A & £
st 37C oA 15 &3+ BA AT A 67 uLE FHstal 7)o 81% sodium
dodecyl sulfate 75 uL, 20% acetic acid 500 uL 2 AZF7F 25 uLs ¥o] £33t
At o7]o ThA] 1.2% thiobarbituric acid 333 pL& 713l water bath(100C)l 4]
30 w3t 71Ed & H2oA WAE o 700xgol A 5&3F A &St d& AT
g TR 532 nmold FHREES ZAste] wE ARl o5t hydroxyl

radical(nmole/mg protein)®] S AT

E}. &% Superoxide dismutase(SOD) &4 =4

Oyanagui®2] Wil we} HZFstAth. 4L potassium phosphate buffer 24
1008] A5t I F9 100 pLe Algdel 93 A7]o) ASHFS 500 L, Ak
A(BmM hydroxylamine / 3mM hypoxanthine) 200 pL % A]¢f B(7.5mU/mL
xanthine oxidase(XO) with 0.lmM EDTA-2Na) 200 uLE& Y3 Z &3t thg, 3
7C water bathol| Al 4033t A X &t} wh-ZHoll Ak C(300 of sulfanilic acid / 5.0
mg N-1-naphthyl-ethylenediamine in 500 mL of 16.7% acetic acid) 2.0 mLE %]
A2 A 207 FF BAZE T 550 nmollA FBEE S EF AFAAA +
stel ¥4 F9 superoxide dismutase ZAHS SHASIATE E4& GAHEE
superoxide dismutase®] U/mg protein® = ZEA|SFH T SODE] 1 Unite 50% A

%+ adrenochrome® A &ZA AFE3H T}



g g ol FFe Lowry 79 @Rl F#3t4 bovine serum albumin(Sigma,

Fr. V)& %% FO= 3t SAHSAT. & AdFoA Lo A= FaA+x2EH

22 FAEH AL, FAA #+old S Duncan’s multiple range test® 1 2|4

AP As=Es ov dxd AAL Py J4A (£71EF, Natural Undaria
pinnatifida), %24t 719 G4A (Cultural Undaria pinnatifida), ThA ¥} (Laminaria
japonica), P19 ZAY (€™ "9+ : Sporophyll of Undaria pinnatifida), 7% 4]

Y (Agarum cribrosum) ¢ W A& SHEFE AMESATH AL PGS F

il

3l ABoA 68l AHAT AL TFUSAL, FAL AL A 3Uo] AHAT

(@)Y
e
=2
:>|’I_-',
B
rd
PO
flo
-
iR
ol
ol
4%
u)
2
2l
rlr
o
oZ
—_
(@)
=
Hu
N
fru
=
i
o
i)
>
fru
—_
s
-~
(O8]
(E

Fuddd ZHE& A%¥Ql Lung acetone powder (Rabbit, frzl) 2

Hippuryl-His-Leu (Acetate Salt)= Sigma (US.A.)°|%12™, Trinitrobenzene

—

Sulfonate (TNBS)&= # 5L (Japan)olAth. o]9ole #4& dF Alks T3t
of ARE3FA T

o e 24 249 &) 3%
ZF s AE 84 Ed FEL e Ev dFEH(Jang 1992) Fig. 4, 5
Zol AAEAT WA A WA FEHoR v B E AR 10 g€ ASolE

SHT 100 mLE 204 1 hr®d wdk &3 §, dA4 88 (HITACHIL, 6000



rpm, 15C, 10 min)3td FE2X7 JIALE AR} o] F2HL IF 52 A= A
A &2&F fraction® 2 slF o, ZAte] HisiA = S/F 1000 mLE 2o water

bath (KMC-1205 SW1, 100C, 1 hr)ol A %314 94128 (HITACHI, 6000 rpm,

2

15C, 10 min)st] FsHL F T2 ARAA EF fraction®E 33, A=
acetone, methanol =22 F%& Y filteration (Toyo filter No.4)3l%] Z}7} acetone
fraction, methanol fractions Ao 32 FFFL7|(Japan, A-3S)E FFHAZTh
SHTF FETE FFFA 9 ARHeE ALESI I, acetoneTE  Acetone
(HPLC Grade, UV Cutoff 330 nm)ol =< %, ZHAE AEE AEsigloen,
methanol7+ DMSO (Dimethyl Sulfoxide, C,H;SO)°| Fo E5F WA %o H
#staA ARSI T WA FEolA = 25, ether, acetone, methanol, €<
£o2 FEINOH, 7T TF Alge &vl2E ZZt FZF/HS, acetone, acetone,

DMSO, SHF2 FHo] Algdoz A3t (Fig. 5).

FZE TEY SAHL F3o AET AR A=Wl U FEE9 F
Soluble Solid &-&<e WEHZ 3} Th

Concentraed matter] weight

X
Soluble solid®] weight 100

Yield (%) =

oh gnaEshy A
A &9] Angiotensin -1 Converting enzyme©l| 3t &4 A zo=H 1 Fa1

U= eI
vl Angiotensin - I convertiong enzyme (ACE) Z& A% =4
ACE Z8 49 ZA|+= Cushman and Cheungzo)-"/] Wil @t Fig. 6 olAlel 2

o] ZA5IATE. =, Lung acetone powder (rabbit, sigma Co.) 1 gl Sodium borate
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buffer (PH 8.5) 10 mLE 2] 5T, 24 hr u¥F & A EF (10000 rpm, 30 min)

T TS AN REA FHalo] 4Tol| B3| FA AHE-SHATH

Ground dried seaweeds (10 g)
|
Soaked in times (V/W) distilled water(1000 mL)
|

Homozenized for 1 min

Extracted in room temp. water for 1 hr

|
Centrifuged (6000 rpm, 15C, 10 min)

Residue (Insoluble) Filtrate (soluble)
| |

Extracted in distilled water (100C, 1 hr) Freeze drying
| |

Centrifuged (6000 rpm, 15C, 10 min) Room temp, water fr.

Residue (Insolble) Filtrate (Soluble)

| |
Extracted in acetone (1000 mL, 1 hr, two times) Freeze drying

| |

‘ ‘ Hot water fr.
Residue Filtrate

| |
ethanol extraction Vacuum drying

|

‘ ‘ Methanol fr.

Residue Filtrate
|
Vacuum drying

|
Methanol fr.

Fig. 4. 1st Procedure for the extraction of bioactive compounds from the dried

seaweeds.
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Ground dried seaweeds

Extract with distilled water (1000 mL) for 1 hr

Soluble Insoluble

Freeze drying Ether extraction

Room temp. water fr. ‘ ‘

Soluble Insoluble
vacuum drying Acetone extraction

Ether fr. ‘
Acetone fr. Residue

Methanol ectraction

Methanol fr. Residue

Extraction (hot water, 100C, 1 hr)

Soluble Insoluble

Freeze drying

Hot water fr.

Fig. 5. Second Procedure for the extraction of bioactive compounds from the dried

seaweeds.
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Lung acetone powder (rabbit) 1 g

Sodium borate buffer (pH 8.5) 10 mL

Agitating (4C, 24 hr)

Centrifuging (10000 rpm, 30 min)

Supernatant (Crude enzyme solution, stored at 4C)

Fig. 6. Flow sheet of procedure for the preparation of crude angiotensin - [

converting enzyme (ACE) solution.

Ab. Angiotensin -1 converting enzyme (ACE) A&l &4 =4

=]

RS | o

ACE A3l &4 =42 TNBS (Trinitrobenzene Sulfonate)E ©]-&3% A1 &7

1

o] Wtell we} Table 23 o] ARG F, A8 25 plel 50 uLo
Hip-His-Leu (2.5 mM in borate buffer containing 200 mM Nacl, pH 8.3)& %<&
o, A 713 bhel ol 2AIY ACE &AM 59 AT A, 50 lLE ¥
o} 37ColA 1A%t incubationA T ¥H-§ AA RS2 05 N Hcl 250 uLE H7Fsh
%31, pHE Kolthoff buffer (0.1 M Na,HPO,-1.0 N NaOH (1:2)) 250 uL& %

233131, ©]o] TNBS Solution 25 pL & ¥, 20%%} incubationd}il Sulfite (4
mM Na,SO; in 02 M NaH,PO,)E %] ultraviolet-visible Spectrophotometer

(Beckman England)2 416 nmol|A 2] F3E=E SAHSAT

ACE A3l & (%) = (1



Table 2. Procedure for determing ACE Ingibitory Activity with TNBS

Vol (uL)
Blank Control Sample

Inhibitor - - 25
H,O 25 25 -
ACE solution 50 50 50
0.5 N HC1 400 - -
12.5 mM Hip-His-Leu 150 150 150
Incubated at 37C for 90 min

0.5 N HC1 - 400 400
Kolthoff buffer 250 250 250
0.1 M TNBS solution 25 25 25
Incubated at 37C for 20 min

Sulfite® 4500 4500 4500

Measured at 416 nm

Y01 M Na,HPO, . 1.0 N NaOH (1:2)
2 4 mM Na,SO, in 0.2 M NaH,,PO

of. £ A
o FAZAY ot B

Faudsty Z4o) AHow o
AAle Axd B =, o] RS AASAT. & AP AREE 3] o

s

A= plate and frame type®] modules 2t system (DDS, japan)2 24, 9t
HA L 00336 m*o|Ach AHEE =& FS 61 PPEA] & EAFE 20,0000] AT

]

i
>
ol

T Aol PH= B ALGSI wure IR oe, 32 circulators

)

dAA FASIAT. 29

bl
Ll

A g7]e} AAAAA moduleZ E17F7] ol &

N

o] 25 % ZT o= filter membranes %7| water flux’} 3 EE wj71x] FE3] &=

A7 kAT
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2. 3 4& (Recovery yield)] A4

ol

i

)

Recovery yield (%) = C,/Cp 100

o

ol
Tp

A 4A

=i
=

Nx=d w8 7HAF

7h 7hEAEe A

7.

Ta

=)

N

H

J)
an

—

o] (Scomberjaponicus, Mackerel, ¥4+

A% 480-490 gO. 2

39-40 cm,

AbgsERA e,

AF v S (Undaria

pinnatifida) 2.2 A

Ao Alx UHS

S|

AP whet A=

A e

A 2]

A3t

AAsI s2= E A

o
=

Bls

3|

2(_1

)|
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il
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™

—_—

E

o= Al 9fA 1AIZE

| —
) Y

w7k 912, 28

ol

2 w7l 92 LA 71
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N

—

[0

AR
il

AHl 0.1%, 0.5% =

il

£ 15

37}

tack sz gl

Nds

o Aol

)

71k

o

Fed 25+0.5Ce] A

&3

A
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g st ool

bl AH

S|

T

Az HAM &

160°CNA 2

ke
T

A71=2 Z3h 140TC9 714 12 54

el

Aol At

w4

tel 25+05C A%, A<

35

A

Aol

H AW Aojd 1F9 FA fillet A FA =

A filletE e

3=
=

o

I

of

AT

w4

HgHo| o} 25+05Ce A%, AF

Ab-&-3FA T

EL

ek e AAS 2

tol MeEjet melE &2 Wi wiE

J|

H3hgch

|

]

3 x

FEHE e
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(-45T) 4A
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FSAT.

N Aqo] AHgs
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o} 25+05C ol AA, Al
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=
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£ 2 Ha wE
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A& 2ol 100C F71=
o] BYHEE A
stk Adss

o
T

°F 40&3F A

71

A

S/ HES sha
=04 37CT7HA e YAAA
ko] 25T 9] Hl 7] (Description
Aol ARg3FA T

e

of W of%e] T ol

© 7€ A, Aol
HFHOR YEEE A &

Incubator, 1B-25G JEIO TECH)ollA A#&3 & A

1=}
L

g3t}

4

—

AAS L 20 40~50gS FY

271 AE) ¥ol 95T ollA 2083t &7 A]

‘4

A

AZS QB Wera, Fod, edolsloln, Axue YEE P, Y o
Aol E FoA sEst] AT Aokl NEILE 3%, AF 3%, WERAFE &
Zt 1%, 3%E FA7ietdlen, sizd& H7EE &olstr] 93k | o] H7159Y

o, 25CY Hj%7](Description Incubator, IB-25G JEIO TECH)ol|Al A%, A&

4 Aol gkt

(2) 28 W& sz HA7E AL AFA=x

AZAFY] HA 242 9 2HE AR5 91 AT E Polyethylene(PE)
Z &, Aluminum(AL) ¥ 5, Retort pouch(PET+AL+PP)E A& 7|E AF&31%oH,
TN2ZHAEHE & AL BE $Ux2A, AATH, IFEAAS 72 ste], 25T
o] i %7](Description Incubator, IB-25G JEIO TECH)o|A A7, Al@&A] AT
AH-&38 A
o AR FE 54
1) "¥= = % pH 54

A% T 7heAFe] nAdE

3M E.coli/Coliform Count Plate film, &%
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film AZIEHS A8 o, FA#s= BCPH7E 2w A (DIFCO)E Ar&-3t

AT pH ZAES AR 10 g2 #ANA 275 20 mLE 78l 223 A2 F pH

(2) ol e @& 3F(NH,-N)
o e d 4 FFSZAHL TEEAAY WHY wde, AR 5 gol FRHT 45 mL

L WlaZeeaze §4 SF52 489

i
N
N
rok
Oll
m|
=
2
=
@]
3
o
N (0)¢]
[@)]
=]
N
&
rok
e 4
N
o
(e)
3

Al o I (filter paper No.2)g & 7N F 100 mLE F 3+ 0.IN NaOHO.ZE HA
of 4 X229 &N (Formaldehyde solution, 35%)

20 mLE 713 & oAl 0.IN NaOHO 2 Z A3l pH 840 TE3le= AHS &
14X (A—B)xXF xD

¥2EHE 5 (meg%)= 3 %100

ZH8]E 01N NaOH €99 AH mL &

>
5=
il
s}
(i
flo
ekl
N
L
e
o
’

(>
ot
K-

c X2UYUS HUke & vte A (blank)ol 4HlE 01N NaOH £H9] A¥H] mL &
: 01N NaOH & ¢] 7} (factordk)

. 31439 4=(100 mL/200 mLe] 2 0.5)

w g 1w

: A2 (g)

c
<
oy
z

st
—
o)
>
N
9
gi_‘
o

D
AN
o2l

NE 2 g€ HA3 FF7HSF 16 mLE 7}8F 20% TCAES 2 mLE 93 & nps
3 The 1087 BAG F ojwstel 4N AT F Conway unit ol && vF
SO R FWAY 971820 Fe THAL TBAZKE AR 20 g Hdte] 4T

2 #2

St

W7kEl 20% Trichloroacetic acid in 2M phosphoric acid€% 50 mLE 1.5

shA Pk AE e S 100 mL B8 =T £ F FRTE 100 mLE

AL T 550 39T o] 9 50 mLE Whatman No 1 oA 2 o343 &

-

HAAEY 7] 15000 ppmollAl 1023 59 F F5A9 5 mL H3| AUA=E o s}t



o AgPol &3zl F 0.005M 2-thiobarbituric acid(TBA) 5 mLE Ytk &3t

(vortexing) ¥t Th& F4ollA 2o

(4) Trimethylamine (TMA)®] =4
AEEd 1 mLE 50 mL &3 A @] Y3l 10% formalin 1mL, toluene
]

d S H &9 /mLo] xRS 4ol FEe AT 2 toluened 5 mL

i

10mL, 25% KOH 3mLE 7}ste] AAsHA 808 X Este] 587F 93 th-s

P71 EL GC-MS(Agilent 6980 gas chromatograph/5973 mass selective

detector, Agilent Co., Palo Alto, CA, USA)= ®A3tAct. 74

o]

E]o\r

25

St

SPME fiber(50/30 pm Divinylbenzene/Caboxen on polydimethyl siloxane)< FID
7b AAE GCo FdTel Yol 5&3 2AAA  EBAsIe™  columne
HP-5M5(30 m x 250 pm x 0.25 pm)°ll T4 28 25 40CAA 2&

AE F 10C/minl & F$&38te] 250C oA 283+ A& A ATH
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A2 A A7Ug 2 Az
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fx=HE 2
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il
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A

oju

oju
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95% il

+

oju

oju

Ao AfH o=

Table 3-4°] YERA o,

Kol
| .

Rigilacizes

gl

BHA (Butylated

FatakA

T4

hydroxyanisole) 2}

0
o
il

od

100 pg/mLe F=2 Af7] A&
35.6%, 7 A 54.8%, % A 895%, thAlwt A/t 86.8% 2 vrEbsiTh

o
T

A9

=3 o

o] A (93.0%)Ett w3k, BHAS] A 2l (75.6%)

Hyou, A

a3=

71 &A

e W &7l =7

= o 28

IC; #k (&4t &4 AAE 50% Aslis

-
o

Uebytth. DPPH radical 47

o

Ag]o] 51.1 pg/mL%A

M, 1% gf 1408 ng/ml, A FF 922 ug/ml, ¥ B 491 pg/ml, SAHH A

W, thAlv}

FA =

60.4 pg/mLe} Hlnl &

[e)
T

} 9 th(Table 5-6, Fig. 7-8).

S|

—_—

1
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Table 3. DPPH radical scavenging effect of Hizikia fusiforme essential oil

AE DPPH radical scavenging effect (%) (MeantSD)
0.1 ng/mL 1 pg/mL 10 pg/mL 100 pg/mL
= AR -04 + 05 75+ 13 236 £ 19 89.5 + 0.5
BHA 51 + 24 44 + 24 15 +23 75.6 £ 0.5
I A+ -6.2 + 24 48 £ 24 185 + 2.4 93.0 = 21

Table 4. DPPH radical scavenging effect of Laminaria japonica essential oil

DPPH radical scavenging effect (%) (Mean+SD)
He 0.1 pug/mL 1 pg/mL 10 pg/mL 100 pg/mL
ThAI v A 12 + 0.3 1.9 + 1.1 9.3 + 1.1 86.8 + 0.3
BHA 51 + 24 44 + 24 1.5 £ 23 75.6 £ 0.5
EZ X -62 + 24 48 + 24 185 + 24 93.0 = 21
100
75
Inhibition (%)
50
PUER-E A=y
25 === BHA

= N
0.1ug/me 1ug/me 104g/me 5048/me1004g/me

Fig. 7. DPPH radical scavenging of IC;, value. Hizikia fusiforme essential oil,
BHA, Grape seed oil.
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Inh

100

75
ibition (%)
50
< [IAIOEE=
25
== BHA

J
0.1ug/mb 1ug/me 10ug/me504g/me100ug/me

Fig. 8. DPPH radical scavenging of IC;, value. Laminaria japonica essential oil,

BHA, Grape seed oil.

Table 5. DPPH radical scavenging of IC;, value

Sample IC;, value(ug/mL) (MeantSD)
= AR 491 + 13

BHA 719 + 1.8
XA 511 + 1.1

Table 6. DPPH radical scavenging of IC;, value

A= IC;, value(ug/mL) (MeantSD)
TATE 604 + 13
BHA 719 + 1.8
XA 511 + 1.1
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= Ao &AL Table 7-8, Fig 9-18 YEIW O, Hj2T o2& BHASH
ZEAFE ARRSIAH. LEAFAAAE et 37 el ko, 2 Al
A AR ARddA = e el e &+ a3%E YEtW AT 53] Bacillus
subtilis?} Escherichia coli ¥°l g+ F+B A7} wl-¢ HAANS ™, S B. subtilisttoll Al
5E 25 mg/mLe FEZ loadingdtSl<= o EH?E ?l BHAE 16.3 mmZ YE:
oy, gAmL, A, 1Y AF{7F 24 clear zone 47 40 mm, 20.6 mm, 18.8 mm=E
A alg- Hold FHERE HEIT ZS FEE E. colivtoll loadingdt RS
BHAE 18 mm, 7, "9 A#7F 242 36 mm, 38 mm=EA ¢ 733 3+ a3=
Uetllon, gAmbg fol = E. colivtoll the @ &37F I Staphillococcus
aureustol A= Z AH= BHARG 32 I+ 345 YA 2
mg/mL, 25 mg/mLe] F=oA 27 68 mm, 84 mmE F+ EHE YEFHRAL,
Y Afre BHART Hojd &+ ashE Hetl o, 25 mg/mLE loadings}t 3
< o] BHAE 16 mmgQl WHHo| v]HL& 30 mmZ T 7} =& Staphillococcus
Ak, Candida albicans®] ol WsiA = AR o2 A A
g4 ge I aHE YT HAAASAHFEE (minimum  inhibitory
concentration: MIC)Z78 A3} B. subtillisttoll thd MIC#S thzx7< BHAZF 04
mg/mL, THAIRE, B 9 3 A+ A2 07 mg/mL, 0.7 mg/mL ¥ 0.5 mg/mL
2 dxzT En B4 52 Ha ASANEES YA, E colivtoll disiA=
BHAE 1 mg/mL, "%, 7 A47F ZF 05 mg/mLE BHAHTH H& MICHS
e it (Table 9-10). Can. albicanstoll 34 BHAZ} 2.5 mg/mLE WERH S
3 gAeE B g A ARE 472 2 mg/mL, 1 mg/mL 27 mg/mLE WY
A7 e WA UEhstal gAvl, 4 Z= BHASN BHld X E UERRAT
o] a2 gAlwtel AAF7} =5
%1 Streptococcus mutans©ll Wk vt AIE dolE A, BHAE It

b}

—_—

a237F %
EhuA] skl md FolA FFadrt yeigtoy, gAnteM e &+ a%E
HAE = T #19LS 1mg/ml, 1.5mg/ml, 2mg/ml, 2.5mg/mle] FEofA

clear zone &7 6.6mm, 74mm, 9.2mm, 11mm=Z A FHolt F+E34E YeE AL,
AL 2mg/ml, 25mg/mlolA 22 7mm, 7.6mme FH+AEAE YEFHIAT S
mutansetoll e MICEAE A3, v9L Img/ml, 2 1.65mg/mlE @& HAA
SA TEE YEo a4 a3yt 8Yste] &% F=XA AHF F=

o] &F3}F 7ol Wi =oAL FEE A

il
ft
X
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Table 7. Antibacterial activities of the

essential oil of Porphyra tenera

g A 3l gH(mm)*
¥ Cone. A AR BAP K BHA
. (mg/mL)
0.5 7.6 N.D” 6.4
1 7.2 N.D 11
Bacillus subtilis 1.5 10.4 N.D 1.4
2 19.3 N.D 13.6
25 20.6 N.D 16.6
0.5 7 N.D 0
1 10 N.D 7
Escherichia coli 1.5 17.6 N.D 10
2 23.4 N.D 16
25 36 N.D 18
0.5 0 N.D 0
1 0 N.D 72
Candida albicans 1.5 0 N.D 11.6
2 0 N.D 15.5
25 6.8 N.D 16
0.5 0 N.D 0
1 0 N.D 7.2
Staphylococcus
1.5 0 N.D 11.6
aureus
2 6.8 N.D 15.4
25 8.4 6.4 16
0.5 0 N.D N.D
1 0 N.D N.D
Streptococcus mutans 1.5 0 N.D N.D
2 7 N.D N.D
25 7.6 N.D N.D
" A|ZE Paper disc(bmm, diameter)oll FFAZHOH EHH Wl & IHH A

o UEhd 3718 mmTYE UER Qi

“ . N.D : not detected.
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Table 8. Antibacterial activities of the

essential oil of Undaria pinnatifida Suringar

Bs A & (mm)"
£ Cone. W A | A BHA
(mg/ml) i

0.5 N.D 6.4

1 N.D 11

Bacillus subtilis 1.5 14 N.D 114

2 16 N.D 13.6

25 18.8 N.D 16.3

0.5 7 N.D 0

1 14 N.D 7

Escherichia coli 1.5 23.4 N.D 10

2 36.8 N.D 16

25 38 N.D 18

0.5 0 N.D 0

1 0 N.D 7.2

Candida albicans 1.5 0 N.D 11.6

2 0 N.D 134

25 6.6 N.D 14

0.5 7 N.D 0

1 12 N.D 7.2

staphillococcus aureus 1.5 18 N.D 11.6
2 20 N.D 154

25 30 6.4 16

0.5 0 N.D N.D

1 6.6 N.D N.D

streptococcus mutans 1.5 74 N.D N.D
2 9.2 N.D N.D

25 11 N.D N.D

" A|RE Paper disc(6bmm, diameter)ol] FFAZHOH EHH wlF T 3 A

of Jetd A7 mm@H 2 Ve

“ . N.D : not detected.
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C o5 ? 40
' e 35
e 20 a 30
a r
. 15 25
71 £ 20 71
<% - 0 <% 4
z 10 n 15
== BHA e == BHA
°o 5 ( 10
n m 5
e 0 m 9
( 005115225 ) 0 051 15 2 25
m
m =5 (mg/mL) =5 (mg/mL)
)

Fig. 9. Antimicrobial activity of Fig. 10. Antimicrobial activity of

Porphyra tenera essential oil against Porphyra tenera essential oil against
Bacillus subtilis. about Escherichia coli.
C C
| I
e 9 a 18
a 8 e 16
r 7 r 14
6 12
4 5 z 10
o 4 <+ 2 o 8 - 2
n 3 — BHA n 6 — BHA
2 e 4
e
1 ( 2
(
0 m 0
m 005115225 0 051 152 25
m m
) 5% (mg/mL) ) 52 (mg/mL)

Fig. 11. Antimicrobial activity of Fig. 12. Antimicrobial activity of
Porphyra tenera essential oil against Porphyra tenera essential oil against

Streptococcus mutans. Candida albicans.
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Fig. 13. Antimicrobial activity

of

Porphyra tenera essential oil against

Staphillococcus aureus

o4
i
C
| 25 e
a
e
5 18.75 r
r z
12.5 -0l :
z == BHA n
o 6.25 .
n (
e 0 m
( 005115225
m
m £ =(mg/mL) )
m
)

45

35
30
25
20
15
10

- 0
== BHA

0 05 1 15 2 25

&L (mg/mL)

Fig. 14.  Antimicrobial activity of  Fig

Undaria pinnatifida Suringar essential

oil against about Bacillus subtilis

15.

Antimicrobial activity of

Undaria pinnatifida  Suringar essential

oil against Escherichia coli
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Fig. 16. Antimicrobial activity of  Fig. 17.  Antimicrobial activity —of

Undaria pinnatifida  Suringar essential

oil against Streptococcus mutans

Undaria pinnatifida  Suringar essential

oil against Staphillococcus aureus

C
|
a 16
€ 14
r12
10
z
8
o ¢ < 0%
noy == BHA
€ 9
€ 9
m 0 051 15 2 25
m
) S=(mg/ml)

Fig. 18. Antimicrobial activity

of

Undaria pinnatifida  Suringar essential

oil against Candida albicans
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Table 9. Minimum inhibitory concentration(MIC) of the essential oil extract of

Porphyra tenera

MIC(mg/mL)
B
= - = n XN BHA
TEE
Bacillus subtilis 0.5 S 04
Escherichia coli 0.5 S 1
Candida albicans 2.7 S 2.5
Staphillococcus .
1.7 - 1
aureus
Streptococcus mutans 1.7 - -

Table 10. Minimum inhibitory concentration(MIC) of the essential oil extract of

Undaria pinnatifida Suringar

MIC(mg/mL)

==

= Y A

= . =y J S BHA

TE=

Bacillus subtilis 0.65 - 04
Escherichia coli 0.5 - 1
Candida albicans 1 - 2.5

Staphillococcus aureus 0.5 - 1

Streptococcus mutans 1 - -
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W
=t
o
S
5

, Dolkim, Suemiyok, South sea sea tangle, Sagunjin sea
tangle= Bligh-Dyerf &2 F&3 ZFEF 55 WA 2E disc-diffusion assays ©]&
st A3 AF A AW FFHOEA nitrosamine FAZ #FostE IHSA
ML E. coli , FAXEFTHR S, aureus R A fungi®] IF0 C. albicans
of e G2l A= Table 119 HEFHAIT. ZE s E=F2| organic layere]

E. coli, S.aureus, C.albicans ©l el A o] A Jeh}=x &
kot ey geli4l thAlEE (South sea seatangle)®] methanol layerol A= E.coli
8 mm/2 mg, S. aureus 10 mm/2 mg, C. albicans 10 mm/2 mg2] F&/do] e}
Sk =, AR EFTHAIRE (Sangunjin seatangle)©] methanol layero A& E.
Coli 16 mm/2 mg, S. aureus 17 mm/2 mg, C. albicans 13 mm/2 mg= FH+ L4
ol et o] AFAZRE, it gAnt 2FEERT A2 EFUAR 2
=E°] 9 1599 ¥ &8 IS HEAH.

xzwe g2 Y83t FAFTAZ 48X Ampicilline E.coli 26 mm/2 mg, S.

Ay

aureus= 25 mm/2 mg= YEFLARE, C. albicanso] sl A & o] YebtA &
Skt (Table 12). Z12]41} Amphotericin Bx= C. albicans®] ™3} A%k 13 mm/2 mg<]
Faddde HeAT A EFUAR 2FEEY o84 ST A
Hlgl we FxolARE &4 BA RS AA olHo] 2FE== HHANAY EAHYUE
At w2 Aol AIAGTAZA e JHA] E]F Ay sie{of jitpal ddE .
ol# gt HHNA BAe Fhet FwHe EAE Ee7] A% v @A Ao
2 VLCo| &3 o] &% BAE 353t 53] methanol layerol A =
< e Hole AR EFuAvte] tid 13
Table 22} Zt}. Methanol layer(original) |4l E. coli 12 mm/2 mg, S. aureus 13
mm/2 mg, C. albicans 12 mm/2 mglE UEIHoH, 681 & (fr. 6) (Hex :
EtOAc = 10 : 90)ollA E. coli >38 mm/1 mg, S.aureus 38 mm/1 mg, C. albicans

>38 mm/1 mg2 714 Aol B Ustth 2eid AAE BAYL s v
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£ 1/102 £49A4 BA 23 484 SAS Atk L A3 Table 133 2 1
2 SAANA A= & 7H & (fr. 7 ; Hex : EtOAc = 0 : 100)°|lA4] E. coli
>12 mm/0.2 mg, S.aureus 25 mm/0.2 mg, C. albicans 25 mm/0.2 mge| A¥}7}
Stk ol HExTEOE AN AYE3 A4S U Aotk W, Water
layerol M= A3 dd@dol YetuA &ttt ol JdgE, WMEgs

F88
Ty st B 2EE FRA Aol vs) U5 Te B etk o

rr

rlt
2
-
iihd
_E
o
st
=z
Sy
o
o,
ot
flo
e
-
5

g
Table 143} 2ttt HAA2A 55 E. coli & S. aureusol] A &3, S+
Aol =4 fr. No. 79 EIES E colii S. aureuso| W3 HAEANsE=

0.0lmg/disc= ZAA = .
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Table 11. The antimicrobial activity for seaweeds from east sea, Korea

(mm/2mg)

E. coil S. aureus C. albicans

Jinuari Chloroform ext. — — —

Methanol ext. — — —

Dolkim Chloroform ext. — — _

Methanol ext. — — —

Suemiyok Chloroform ext. — — —

Methanol ext. — — —

South sea seatangle

Chloroform ext. — — —

Methanol ext. 8 10 10

Sagunjin seatangle Chloroform ext. — — -

Methanol ext. 16 17 13

Control Ampicillin 26 25 —

Amphotericin B — — 21
- : not detected.

Numbers are the diameter of clear zone.
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Table 12. The antimicrobial activity for 1st Silica gel vaccum liquid

chromatography fractions of Sagunjin sea tangle methanol extracts

(mm)
E. coil S. aureus C. albicans
Ampicillin 30/2 mg 32 -
Control
Amphotericin B - - 18
Methanol ext.
Sea tangle L. 12/2 mg 13 12
(original)
frl (100:0) 16/2 mg 16 26
fr.2 (90:10) 20/2 mg 18 38
fr.3 (70:30) 32/2 mg 24 >38
frd Hex : EtOAC (50:50) 36/1 mg 26 >38
fr.5 (30:70) 26/1 mg 30 >38
VLC
fr.6 (10:90) | >38/1 mg 38 38
fr.7 (0:100) | >38/2 mg 38 >38
fr.8 | EtOAC : MeOH (1:1) 14/2 mg 18 >38
fr.9 MeOH - - -
fr.10 Water - - -

- : not detected.

Numbers are the diameter of clear zone.
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Table 13. The antimicrobial activity for 2nd Silica gel vaccum liquid
chromatography fractions of Sagunjin seatangle methanol extracts

(mm)
E. coil S. aureus C. albicans
Ampicillin 35/2 mg 36 -
Control
Amphotericin B - - 20
Methanol ext.
Seatangle L. 18/2 mg 24 12
(original)
fr.1 (100:0) -/0.2 mg - 13
fr.2 (90:10) -/0.2 mg - 13
fr.3 (70:30) -/0.2 mg - 15
frd4 Hex : EtOAC (50:50) 8/0.2 mg - 15
fr5 (30:70) 9/0.2 mg 9 9
VLC
fr.6 (10:90) | 12/0.2 mg 13 13
fr.7 (0:100) | 28/0.2 mg 25 25
fr.8 | EtOAC : MeOH (1:1) 9/0.2 mg 8 8
fr.9 MeOH - - -
fr.10 Water - - -

- : not detected.

Numbers are the diameter of clear zone.
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Table 14. Minimum inhibitory concentration (MIC) of methanol and VLC
fractions of Sagunjin seatangle methanol extracts

(mm)
E. coil S. aureus

1 mg/disk 36.0 36.0
Control

2 mg/disk 36.0 36.0

0.2 mg 8.0 9.0

05 mg 10.0 10.5
Original MeOH

1.0 mg 15.5 135

20 mg 18.0 24.0

0.005 mg/disk - -

0.01 9.0 8.0

0.02 10.0 11.0
G(7) fr.

0.05 12.0 12.0

0.10 18.0 19.0

0.20 28.0 25.0

- : not detected.

Numbers are the diameter of clear zone.
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U 717184 S 5% daEA =49 £y

FEEE oA B2 Z4o] FE FHEAHE B FEFES vaccum liquid
chromatography (VLO)E < w83 F, 229 & 5 &40 &9 As o
Al Fig. 19.9F o] Sep-pak CI82.& 70% MeOH, 90% MeOH, 100% MeOH,
CH,CL/Et,O 2 &35t o] E8 =] sl 25% MeOH(in CHCL)< 71§

|2 ste] TLC ANAZ A= Fig. 209} 2t} o] Fo a &4%¥ke] UV spoto]

o

BEEHAG. olE EUE a ARoz 3 FEFA ol d& Aoge 12 +4

)
&
ot
oX,
o
s

o

= 8 &0 tste] HPLC, UV-Spectra & 7171 &4< 33T

=

79 & (fr. 7)ol A Acetonitrile/H,0=80% ©]&’&mE &84 HPLC &4
Fig. 21& 4%lth. HPLC chromatogram % olA 28 peak”} 7Fd =4 YERY

AN T Y Peak 2W0] DdEd = HZ|Ql ZelEo] o] @

i
N

peak® 22} Fe]E A3k A3 2W peak’t FHY =2 (2a, 2b)°o] AAX Ao=m &
A= om, T 571y &= EYEHIAY. o] AHE nRoRE Fojd Edo s

Al disc-diffusion assayE ©|-&3t &A=

|1]O

th o] Af}E 23 peakel wislA FFFAol e ALZ FAHEIL o EAL
FGlolgtal HHs7|=2 sttt 84S SHT Ao}e FGl-2a& E. coli w70l
el A 27 mm/0.4 mg, S. aureus ¥l WA= 31 mm/04 mge = YEFIL
FG1-2b+= E. coli #F°l tallAl 12 mm/04 mg S. aureus o WhsiA= 22

mm/0.4 mgZ YEFETE o] ®k] Control antibioticsi= E. coli, S. aureus ool

oA 2tz 22 mm/0.4 mg 17 mm/04 mgE YESTE HAEHA = FASHF
AR o Aol Exth o] A= 79 EgEo] FHZAF0] AT SR ARE

o, AAFdAZA Y THsde ZIdE & Ao
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b8.bmg
Sepak C18
W
\A v v \2
fa b fc ¥d
70% MeOH 90% MeOH 100% MeOH CH,CIlo/Et0
47.1mg 5.0mg 4.3mg 3.6mg

l

TLC (25% MeOH in CHCI3)
There is a very unique UY spot.

Fig. 19. Sep-pak fractionation for major antimicrobial fr. of silica gel vaccum

liquid chromatography. Only 7a in TLC has the unique UV spot.
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Fig. 20. Typical TLC patterns for Sep-pak

liquid chromatography fr. No. 7.

= [ i
& T i 5
- in = "g'-g,

L h\, oy .';u "':if:

A

i

fractionations of silica gel vaccum

Fig. 21. The HPLC chromatogram for antimicrobial activity fraction of Sagunjin

seatangle.
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Table 15. Antimicrobial

compounds of FG1

and

antifungal

activity for HPLC fractionated

(mm/0.4 mg)
Clear zone diameters
Samples
E. coli C. albicans
Control antibiotics* 22 17
FG1-1 15 20
2a 27 31
2b 12 22
3 8 18
4 8 8

Numbers are the diameter of clear zone.

* Antibiotic drug against E. coli is Ampicillin, and antibiotic drug against C.

albicans is Amphotericin B.
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o 484 29 BA Y
FF84 EHE FAHEE FG1-2a®t FG1-2b2] UV spectra 412 A8 A}
Z+7} Fig. 22-233} o] YERRT
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Silica gel column, chromatography, recycling preparative-HPLC &< AA

(HPLC, UV spectra), Hlnlol] ]3] FGl-2ax© 5,78-trihydroxyflavone(Norwogonin,
Fig. 24)3 FGl-2bv 5,78-trihydroxy-flavone (7-O-glucuronide, Fig. 25)¢] il+9
UV-Visible spectra®t 71| <LA&3AT o] ZAIAFE EFTAIRLY] &40l
FG1-2a¥ FG1-2boll 9|3k Zlol™, 1 &4 2 flavonoid AlE 1 ZAoE Al HT
Flavonoid#+ @A7FA F 4,000F ©ldo] €A St Flavonoidve F34 =

WS mE MAFFERA HE Fle gRE 93 A% WD

[
b
il

(glycoside)F el = EAst™, a7 T AL AFH o] oF 23~1,000 mg 8 =o°]al 50]
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Ff AEFolA TiAImtol A 53| Esherichia  coli, Staphylococcus —aureus,
Candida albicans &9 2e5v3 HAPYHE Fole 249 A7t TA=H] &

g - A - 5SS o] ARE AAFFARS THsAEe VIH & F ATh
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FGI

AL e

Peak 2a

358, 2nm

Fig. 22. UV spectra for peak 2a of FG1 fraction isolated by HPLC.

Al

FG1
Peak 2b

Fig. 23. UV spectra for peak 2b of FG1 fraction isolated by HPLC
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Fig. 24. Proposed structure of for peak 2a of FGI.

OH
glucuronosyl—O0O O

OH- O

Fig. 25. Proposed structure for peak 2b of FGI.



4 F0H F7) A

AL o,

el B4 23 A eA 5 Benzoic acid, Nonanoic acid, Pentadecane

i

d

b}

St

S|
~

A Fo] AFAHES GC/MSE E243 A= Table 16-17°]

=4

o

277FA1 8] EAo] ygkor, v]¥YH{+= Hexonoic acid, Nonanoic acid & 347}A] 2]

=do] ysith

Table 16. Components identified from Laminaria japonica essential oil

RT Components Peak area
2.302 Acetaldehyde 0.30
2.540 Ethanol 77.62
2.714 Dimethylamine-D1 0.51
3.203 Acetic acid 0.59
3.821 1,4-Dideuterobutane 0.24
5.765 2,3-Butanediol 0.59
5.977 1-Propene 0.14
6.325 Cyclotrisiloxane,hexamethyl 0.20
8.964 Butanoic acid 0.13
9.092 1-Octen-3-ol 0.48
9.331 Cyclotetrasiloxane 0.51
9.504 Pyrazine 0.49
10.232 Oxirane 043
10.534 Triethylamine 0.56
10.875 2,3-Dihydro-benzofuran-3-ol 0.21
11.120 Nonanal 0.56
11.789 Cyclopentasiloxane 0.23
11.957 Benzoic acid 1.21
12.002 Nonanoic acid 1.53
14.222 4-(4-Chlorophenyl)-2,6-diphenylpyridine 0.21
14.776 4-Carboethoxy-2-methyloxazole 3.62
16.366 2-Methylbenzyl cyanide 0.13
16.462 Pentadecane 3.90
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Table 17. Components identified from Undaria pinnatifida Suringar essential oil

RT Components Peak area
2.540 Ethanol 35.95
3.271 Hexanal 0.80
6.808 1-Acethyl-2,2-dimethylcyclobutane 0.55
9.157 Hexonoic acid 11.81
9.324 Furan 0.88
9.974 4,5-Dimethyl-2-formylfuran 0.33
10.090 trans-3,4-Dimethyl-2-hexene 0.66
10.438 Isothiazole 0.39
10.605 3,5-Octadien-2-one 1.75
10.991 3-Octanol 1.24
11.152 6-Methyl-3,5-heptadien-2-one 0.74
11.281 Cyclohexanol 4.70
11.783 2,6,6-Trimethyl-2-cyclohexene-1,4-dione 0.64
11.931 Benzoic acid 0.18
12.459 Isopropylpyrazine 0.67
12.967 1-Cyclohexene-1-carboxaldehyde 0.25
13.006 1H-Pyrrole-2,5-dione 1.65
13.431 Nonanoic acid 2.07
13.695 Methanone,dicyclopropyl- 0.49
14.280 2H-Pyrrole-2-carboxaldehyde 0.89
14.396 2-Oxo-1-methyl-3-isopropylpyrazine 0.64
14.441 Octadecane 0.58
14.776 4-Carboethoxy-2-methyloxazole 1.40
14.808 1-Bromomethyl-2-chlorocyclohexane 1.81
15.227 Tetradecane 0.32
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Table 18. Effect of seaweed on the body weight in rats fed a normal and

hyperlipidemic diet for 4 weeks

1 2 3 4 5 6
Dose
Sample (mg/kg) (Weeks)
Body weight gain(g)

Normal 69.7+8.3° 117.9£10.6° 138.5£19.4° 181.7+29.6" 211.7+27.2° 220.8+28.6'

Control 88.5+9.5 161.3£21.3% 221.7+30.5" 251.2+21.1* 306.8+20.5° 331.7+31.7°
H

7z 200 83.9£7.2% 165.5%19.8% 198.3£18.6™¢ 236.5+20.6* 281.3+19.1%% 293.6+24 5>

A5 200  81.848.6% 154.7+18.7% 210.4+17.23%¢ 249.7+19.4* 294.8+18.3%*¢ 300.7+19.8"¢
AH FEZA4E 200 90.3+9.4% 160.2420.8* 195.6£21.3° 226.9+18.8" 274.5+19.5° 281.2+18.6%
A

7z 200  91.7+7.9" 171.8+18.9% 211.7+19.9%¢ 250.6+21.7* 298.4+17.7°> 311.8+20.1*™

A5 200  89.4+7.6° 169.3+21.4* 223.4+20.6°° 247.8+20.1° 310.6+16.2* 320.4+17.3%
AH FEZA4E 200 86.5:85° 170.7+20.1% 210.2+18.5° 248.5+19.3% 228.5£18.5™¢ 300.5+19.6"
=

7z 200  88.1+9.4% 173.2+17.8" 197.6+18.9"¢ 245.4+18.5* 285.6+14.2°>4 295.7+17 4>

A5 200  86.249.0° 172.4+17.9* 201.4+19.8°>4 247.9+17.9° 288.5+20.1°%¢ 299 3+14 3¢
AH FZ2ZAE 200 87.7+6.2° 168.8+18.5° 187.6+20.5¢ 231.8+20.27 281.3+19.5° 285.4+16.5°
ChA| i}

7z 200  85.6%7.5° 159.9+17.3% 201.4+18.7°*4 2355+13.5% 271.4+18.3% 285.6+14.9°

A5 200  86.8+8.6* 163.3£19.8% 227.6+16.2* 241.1+19.2* 287.2+17.23%d 288 7+18.3°
A FEZAE 200 86.917.8° 162.6118.6° 192.3+17.3% 227.9+18.6° 262.4+18.6° 268.9+15.9°

Values are mean*SD (n=6).

*fValues with the same letter are not significantly different(p<0.05).
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Table 19. Abdominal fat pad weight in the normal and fat diet-induced rats fed

seaweed for 4 weeks

Dose Retroperitoneal Epididymal
Sample
(mg/kg) mg / g body weight
Normal 6.3+3.2f 7.8+2.0f
Control 14.9+2.1% 12.4+1 4%
H <o
B 200 12.3+1.3%¢ 11.9+1.02>¢
A 200 14.5+2.4% 13.1+1.1%
AH FETAE 200 10.3+1.4% 10.4+1.0%
Z
Loy 200 13.9+1.5%¢ 12.3+1.3%
A 200 15.2+1.4° 12.5+1.4%
A FEAE 200 12.942.12 12.1+1.23b¢
*
Lo nely 200 13.8+1.4% 11.6+0.9°>
A 200 14.2+7.2%¢ 12.2+1.0%
A FEAHE 200 12.1+1.3 10.9+1.1
oA v}
Lo nely 200 12.0+1.3% 11.2+0.8"4
A 200 13.8+1.5™ 11.8+0.9%
A FE=AE 200 94+15° 94+0.9°

Values are mean+SD (n=6).

*fValues with the same letter are not significantly different(p<0.05).
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Table 20. Effect of seaweed on the concentration of serum lipids in rats fed

hyperlipidemic diet for 4 weeks

Dose Phospholipid Triglyceride
Treatment
(mg/kg) mg / dl
Normal 120.4+14.64 68.7+7.3
Control 148.7+10.2% 200.3+12.4°
I
2 200 138.8+11.7° 181.6+11.8"
A4 200 142.5+12.3%* 190.5+10.7*
AR F5 IAE 200 131.3+11.5 167.4+12.5%
A
2 200 146.2+10.8% 191.2+11.4%
A 200 148.5+9.43° 195.4+11.9%
AR F5 IAE 200 145.6+11.8%* 182.5+13.6™
=
2 200 140.7+10.7%> 186.2+9.6%¢
A4 200 142.7+11.3%* 192.9+10.6®°
AR F5 IAE 200 133.6+10.47" 173.4+9.9°¢
oAl vl
2 200 136.9+10.1%>* 183.2+10.2
A 200 141.9+11.2%% 187.8+8.4%
A FE HALE 200 130.5+10.3¢ 158.2+10.1¢

Values are mean*SD (n=6).

*fValues with the same letter are not significantly different(p<0.05).
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Table 21. Effect of seaweed on serum cholesterol and Al

hyperlipidemic diet for 4 weeks

in rats fed

Dose Cholesterol (mg / dl)
Treatment
(mg/kg) Total HDL LDL Al
Normal 56.8+6.38 41.6+2.4% 2.6+0.6 0.4+0.1"
Control 91.6+5.22 31.8+1.2 7.6+0.9° 1.9+0.2°
H| o
Lo nely 200 83.6+6.1°1  35.4+2 29 7.2+0.8 1.4+0.1%
A 200 90.5+4.2%®  335+71.2df 7.5+0.7° 1.7+0.1°
Af FERAE 200 76.8+4.3 35.6+1.2" 6.7+0.7° 1.2+0.1*
Z
Loy 200 90.4+5.1%° 32.9+1.4 7.5+0.6° 1.8+0.1°
A6 200 92.6+3.5° 33.5+1.2% 7.5+0.6° 1.8+0.1°
Af FERAE 200 89.3+4.0°®  33.7+1.2°df 7.5+0.7° 1.7+0.1%
=
Lo nely 200 85.2+4.2%4 34 .8+15% 7.4+0.6™ 1.5+0.1¢
A1 200 89.9452%  33.8+1.5% 7.5+0.6° 1.7+0.1%
Af 22T 200 80.6+3.2%¢  34.9+7.4% 7.2+0.6> 1.3+0.1°
oA bt
Lo nely 200 81.7+4.2%  352+15% 7.0+0.5> 1.3+0.1°
A1 200 88.5+3.2%¢  34.3+1.5% 7.4+0.6™ 1.6+0.1°
Af FERAE 200 74.3+3.2f 37.3+1.2° 6.6+0.5° 1.0+0.18

Values are mean*SD (n=6).

*fValues with the same letter are not significantly different(p<0.05).
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Table 22. Effect of seaweed on the hepatic lipid concentration of hepatic tissue

of rat fed a hyperlipidemic diet for 4 weeks

Dose Total lipid Triglyceride Cholesterol
Sample
(mg/kg) mg / g of tissue
Normal 16.8+2.0" 9.4+1.0¢ 2.6+0.5°
Control 34.9+2.2° 26.4+2.1° 6.3+0.4%
H <o
Lo nely 200 31.4+1.4% 25.2+2.0% 6.2+0.5%
A 200 33.7+1.3% 26.2+1.7% 6.2+0.5%
A FEIANE 200 30.2+1.24% 24.3+1.8" 6.0+0.6
Z
B 200 33.7+1.4%° 26.1+1.3% 6.2+0.6
A 200 31.4+1.3% 25.3+1.4% 6.3+0.3%
A FEIANE 200 32.8+1.4% 26.8+1.4% 6.2+0.4°
*
B 200 30.4+1.5% 25.1+1.3%¢ 6.0+0.4°
A 200 31.6+1.2% 25.9+1.4% 6.2+0.4°
A FEIANE 200 29.9+1.24 24 8+1.0%* 6.0£0.4°
oA v}
B 200 30.9+1.3% 24.9+1.2%¢ 6.0+0.3%
A 200 33.8+1.4% 25.8+1.3%¢ 6.1+0.4%
A FEINE 200 29.4+1.2¢ 23.9+1.3¢ 5.8+0.4°

Values are mean*SD (n=6).

*fValues with the same letter are not significantly different(p<0.05).
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Table 23. Effect of seaweed on the blood lipid peroxide in rats fed

hyperlipidemic diet for 4 weeks

a

Dose TBARS
Treatment
(mg/kg) MDA nmol/mg protein
Normal 26.9+3.6"
Control 52.4+2.2°
H <o
Lo nely 200 45.8+3.1%
A 200 49.6+2.6%°
HYe ZZAAE 200 40.7£2.0f
Z
Lo nely 200 49.4+2 3%
A 200 48.7+4.2°4
A FEAE 200 46.2+1.5%
*
Ao nely 200 47.2+D 2bed
A 200 48.7+2.1%4
Y ZZAAE 200 43.3+2.2¢
oA v}
Loy 200 42.4+1.9f
A 200 47.9+2 2%
A FEAE 200 36.7+1.48

Values are mean*SD (n=6).

*MValues with the same letter are not significantly different(p<0.05).
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Table 24. Effect of seaweed on the serum hydroxyl radical and superoxide

dismutase activities in rats fed hyperlipidemic diet 4 weeks

Dose Hydroxy radical SOD
Treatment
(mg/ke) nmol / mg protein Unit / mg protein
Normal 3.0+0.4° 3.5+0.3%
Control 5.9+0.3% 1.7+0.2°
"y
B 200 5.2+0.3% 1.8+0.1°
e FEE 200 5.7+0.3%° 1.7+0.1°¢
N e FE AL E 200 5.2+0.2¢ 1.8+0.2%
7‘:]'
B 200 5.7+0.3 1.740.2¢
NHLFZE 200 5.8+0.2% 1.6+0.1¢
N e FE AL E 200 5.6+0.2% 1.7+0.1°
%
B 200 5.7+0.3 1.8+0.2°
N FZE 200 5.8+0.3 1.740.2¢
N e FE AL E 200 5.6+0.2% 1.8+0.2%
Al o
2o 200 5.2+0.3%¢ 1.8+0.25¢
NHLFZE 200 5.4+0.3 1.7+0.1>
o eHeFE AR 200 4.9+0.2¢ 1.9+0.1°

Values are mean*SD (n=6).

“*Values with the same letter are
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7L AlREE FE P 2 8 2 ACE A3 &3
AL v GAAl, FAAE v GAA, gAe vE 22, FYEA Y-S 7

SMEE &3 2 €& F=5 FHE T3 ACE Asl B35 A

g <+, acetone, methanol F&T A+ HF F&°] Z47F 105%, 3.1%, 2.8% <O =2

et e 2F HRel Mste] vg R £ dehiULh 24 w3 25
=E|

7} (Table 25), A WA <=3 FF WRAE OAvle 4 FEFAA IC;, (u
g/mL)7} 124 ug/mLE 7} @& s=olx, ACE Ad &7} giglon, A

He, A TS, AAN TAnl, TH A Jes 2F HEAA 27 159,

J

14.9, 155, 133 png/mLE EA Uegow 2d4t vy, 77 Hu|ge] I FE7
ANM= 2tz 144, 133 pg/mLE A YEFSTE Acetone FETolA= FA4F A
A ] ACE A8l &#47} 203 png/mLE EA Ukth Methanol F& Tl A= thA vt
o A4t 272.7 ng/mLE ACE A3 &35 Hoth wdAE 425, €, acetone,

methanol, F&7 25 ACEA S| &37F YetUA] &dth 22 =2 5 W dllA
]_

e

(Table 26) ACEA 3| &35 AHrEW 13 &3 F& w9 op3t

o) e, 9 FETAA 247 104 pg/mlE BS EIHE non, Fes F
2oL AA4 vY, G v, FRAE o] k2t 214, 144, 240 pg/mLE

Hlnd A YEsoH, ether FET oA S A4t v, 44t vlHo] 302 n

g/mL, 687 ng/mLE HILZ £ AHRE HIARH, AL Thajal, 740 9L
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1039 pg/mL, 150.1 pg/mLE W gRG e a3E YelfAn. Aceton FZ& 79

=

M FAAE wlHo] 314 pg/mLE 7HE & RHA, AAAE v, P4 n| o] Z}
7} 288.5, 184.0, 336.8 ng/mLE 24 v FEZHEHT 2} Th Methanol %
TolAE A gAERE 1694 ng/mLE UYEHRIT. A FEI A= Ad
b mS, FA A B o] 742}t 16.3, 408 ng/mLE Hlu A sAURH. vg9TE 1%
=2 FEYY de v E YehgA] &gt Abe 52 green laver
(Monostroma nitidum)®] FZ&&°] 239 A cholesterole A3tA7]= & of

gt A3Po|A green laver(Monostroma nitidum)E ethyl ether, 80% methanol,

o~

water, 67% ethanol® =} &v] F=3to FEZd2EE E345 A% A3, & F
< fractionolA F<o R FHzEIES IAY EFe S ddIgonH,
Water-Insoluble fractiond|= ThA&ZF &35 H k=0, ether fractiondAl&= &7}
AT gt EFHE HQ F fractione wEl$ A 77} alginine # glycine
betaine?} (-homo betain®] #2|EJThal gttt $H Maruyama 57 2FZF
A= ACE Adll 1A= 7FE Aol ks, Aol A F7F 8ol A&
=24E2A O AslesE dt AstAEY EA4do] AT AA AFHske AES

H

Adths oA L w840 ZIddval Husisd, SdT7ME AR
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Table 25. Angiotensin-I converting enzyme (ACE) inhibitory efficiency of each

extracts obtained by 1st extraction experiment.

Room
water Boiling water Aeton Methanol
temp.

Yield 1c,,"! Yield c,"! Yield jc 7! Yield ¢!
(%) (ug/mL) (%) (ug/mL) (%) (ug/mL) (%) (ug/mL)

Natural Underia

421 159 9.0 144 2.66 177.0 0.3 ND 2
innatifida
Cultural Underia

12.2 149 11.7 91 3.6 20.3 0.5 ND
pinnatifida
Laminaria
. . 37.7 15.5 123 124 1.0 110.1 10.4 272.7
japonica
Sprophyll of
Underia 401 ND 8.7 ND 54 ND 1.3 ND
pinnatifida
Atarum cribrosum 38.2 13.3 10.8 13.3 28 317.7 1.6 ND

" ICs) means the sample concentration to inhibit 50% of ACE inhibitory ratio.

2 ND : not detected.
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Table 26. Angiotensin-I converting enzyme (ACE) inhibitory efficiency of each

extracts obtained by 2nd extraction experiment

Room temp. Boilin,
P Ether Aetone Methanol 8
water water

Yield jc, "!  Yield ¢ ! Yield g Y1 Yield qc "1 Yield ¢ !
) ymi) ) ymi) ) pgmi) () @gmLl) (h)  (ug/ml)

Natural Underia

334 214 7.8 30.2 0.6 288.5 0.9 ND & 105 16.3
innatifida

Cultural Underia
pinnatifida

13.5 144 6.7 68.7 0.3 314 0.1 ND 102 408

Laminaria

] ] 30.3 104 43 1039 1.0 184.0 1.2 169.4 5.6 104
japonica

Sprophyll of

Underia 429 ND 11.5 ND 7.7 ND 31 ND 134 ND
pinnatifida

Atarum

] 23.0 24.0 45 1501 0.6 336.8 2.3 ND 6.1 ND
cribrosum

"1 1Csp means the sample concentration to inhibit 50% of ACE inhibitory ratio.

2 ND : not detected.
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ACE A3 E3F ICs (ug/mL)E Blws] 2 A3, gA=Z 1, 23 <3 &1 F
= BT A% FuEAAEE UER TAvte] FF, A FEE R et 9
2olo] 7Pk 12k 2k FE WA doizl AAA Aty Aeg, ¢ FE
YES filter membrane Cut off’} 20,0008 $+2] A3} FAE o] &3l E3t 2
77} Table 279 2t} ZF & F, dAnt A5 3= Ao, dAnte s F
o] A FEAFEFo] 20,0000/ A EA, EAFEF] 20,000008FQ1 AEAF ThA]
b s FEF, AR 4 FET 99, gAn 5 AR dF B
20,0000/ A3} ThAln} A4 o i S ExpgFo] 20,000008H8 AEA EHZ
AT WA, FFES BH oAur F2g oS BEApeFe] 20,0000074¢ A
9%, ®AFFo] 20,0003 22 78.8% = I FEHATH ThAInf A4 Y Aol A ThA )
4 AAF{AF FARFo] 20,00001°8%0 AL 64%, wAEFO] 20,000013H] AL 28.7%
2 Hnd EA IFEHAG. o k9] AAHE o] &3St tAHE dF FEE
BE 7184 AEAZS Av] AES EEsided, 9 o349} Diafiltrations 4
ANt B3] Flux profiled} HA n@E, Hu] A& I5&S ARG 2,

o] oAFdE AN AU vz e e R I ACE Aa &3

il

ol
rlo
o

£ EH ICso (ng/mL) F=7F thAvp 5 =5 J&5 A 20,0000])3H20 A
o] 249 pg/mLE 1 ZAgo] 7P EkoH, gAmt Fg FE ARYT EAF
20,000017420 AN Z+z 251 pg/mlL, 424 pg/mLE &Ao] =94l 3, thAlnt

S

£

g EAF 20,0000184Q1 A 2976 ng/mLE Tha &
ol wlal] wrovt Auigter Euf a4 A3 Z4S e 1 9 sz
Zo SAE ot AAAE alginate®} celluloseo] W3] I FuEPP S A
3 £ A% sodium alginate 3003} sodium alginate 900, cellulose®] ICso (ug/mL)

o] v%7} Z+7F 134.6, 111.1, 53.1 pg/mLE YERRETH
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Table 27. Fractionation of mnatural Laminaria

ultrafiltration and their ACE inhibitory activities

japonica water extracts by

Room temp. water extracts

After ultrafiltration

(original)
above 20000 Da
below 20000 Da

weight ICs0
(Recovery%o) (ug/ml)

0.2g 316.5

0.018g (0.9g) 25.1

0.1575g (788g)  297.6

Boiling water extracts

After ultrafiltration

(original)
above 20000 Da
below 20000 Da

0.06g 93.9
0.0384g (64.0g) 424
0.0172g (28.7g) 24.9

Sodium alginate 300 134.6
Sodium alginate 900 1111
Cellulose 53.1
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25 FRkgoldth. ACE A&l 821%] peptide o+ amino acid$} peptide’d

o] A= A A%k ninhydrin reagent® HEs & A3, OAnt g 5 A
4 EAF 20,000 ofste] oM AetAl HAEFHN e, EAEC] 20,000 ©]7delA
S ot HEd AR Hol gAnte] AEA EZ] ACE A3l peptide’t &2

Table 28. Qualitative analyses of each fractions isolated from natural Laminaria

japonica water extracts by ultrafiltration

Room temp. water extract Boiling water extract

Concentrate Permeable fr. Concentrate Permeable fr.
(>20000 Da) (<20000 Da) (>20000 Da) (<20000 Da)

Folin’s reagent - - - -

Ninhydrin

reagent

- +++ - -

AgNO; solution - +++ - +

*

+++ : dark color, + : light color.
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N

(mg%)
0.0168
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0
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above 20000 Da
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above 20000 Da
below 20000 Da

After ultrafiltration
of room temp. water

extracts
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of boiling water

Table 29. Quntitive analysis of each fractions isolated from natural Laminaria
extracts

japonica water extracts by ultrafiltration
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Fig. 26. Changes of the pH of the salted mackerel with seaweed essence oil

during storage at 25+0.5C.
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Fig. 27. Changes of the volatile basic nitrogen of the salted mackerel with

seaweed essence oil during storage at 25+0.5C.
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(3) Thiobarbituric acid(TBA) value
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Fig. 28. Changes of the thiobarbituric acid value of the salted mackerel with

seaweed essence oil during storage at 25+0.5C.
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Fig. 29. Changes of the total viable cells value of the salted mackerel with

seaweed essence oil during storage at 25+0.5C.
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Fig. 30. Changes of the pH of the mackerel fish paste with seaweed essence oil

during storage at 25+0.5C.
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Fig. 31. Changes of the volatile basic nitrogen of the mackerel fish paste with

seaweed essence oil during storage at 25+0.5C.
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Fig. 32. Changes of the total viable cells of the mackerel fish paste with seaweed

essence oil during storage at 25+0.5C.

_92_



Y
N
2
N
Y
—_
N
e
)
e
2
=]
ol
2
2
Mo
=2
k=3
=0{=t
=
18
)
Jo
=)
Q1
IS
e
N
N
k1
ol
2
2
Mo
o
—_
o
I

3.5
3
e == Control
= 2.
8]
2 = e il
w i HA
w15
3 =D 0.1%
O
o 1 =¥=0|2 05%
05 =®=Cir|Dt0.1%
====LC}A\|D} 0 5%
ﬂ T T T T T {
o 3 5 o 12
HE2L

Fig. 33. Changes of the browning of the mackerel fish paste with seaweed

essence oil during storage at 25+0.5C.
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Fig. 34. Changes of the volatile basic nitrogen of the pacific saury fillet with

seaweed essence oil during storage at 25+0.5C.
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(2) Trimethylamine(TMA) 3% 34
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Fig. 35. Changes of the TMA of the pacific saury fillet with seaweed essence oil

during storage at 25+0.5C.
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Fig. 36. Changes of the total viable cells of the pacific saury fillet with seaweed

essence oil during storage at 25+0.5C.
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Fig. 37. Changes of the pH of the pacific saury guamegi with seaweed essence

oil during storage at 25+0.5C.
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Fig. 38. Changes of the volatile basic nitrogen of the pacific saury guamegi with

seaweed essence oil during storage at 25+0.5C.
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(3) Trimethylamine(TMA) &% 4
Mz FH A7t BXFHW )2 25:05C AA7|7ro] WE R FH(TMA)S HIE
ZAgE A3 Fig. 399 2t AR 74A At FX 7)o vl sz FH Hub

A A 7)) FIA Y ol o wgton, AA7IZE vhAubEel 2144 TMARL

O

| drF FXFAH7] 231 mg/100 goll Blsl WS AF 05% H7F FX] w77
23%, THAIPE B 05% H7F FAAWIIE 14%E Fhon olHdAR s FHUt
FAHH7e] BFAHE A JAASS Gl

25

20

15 st Control
% W= WS 05%
£ 10 —dr—BHA 0.5%

===0|% 7 05%
5 - ChA|OF E S 05%
0
o p el 142 21
ME7IZ

Fig. 39. Changes of the TMA of the pacific saury guamegi with seaweed essence

oil during storage at 25+0.5C.
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(4) Thiobarbituric acid(TBA) value
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Fig. 40. Changes of the thiobarbituric acid of the pacific saury guamegi with

seaweed essence oil during storage at 25+0.5C.
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Fig. 41. Changes of the pH of the pacific saury retort with seaweed essence oil

during storage at 25+0.5C.
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Fig. 42. Changes of the volatile basic nitrogen of the pacific saury retort with

seaweed essence oil during storage at 25+0.5C.
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(3) Thiobarbituric acid(TBA) value
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Fig. 43. Changes of the thiobarbituric acid of the pacific saury retort with

seaweed essence oil during storage at 25+0.5C.
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Table 30. Changes of the pH of the Myungran Jeot with seaweed essence oil

during storage at 25+0.5C

AZ717HY)
Als
0 3 6 9
Control 6.0+0.0% 6.0+0.01 6.0+0.0° 6.3+0.1°
EHlak 1% 5.2+0.08 5.1+0.0" 5.0£0.0' 5.0+0.0
&9 3% 4.7+0.0" 4.9+0.0' 4.9+0.0 4.8+0.0
EIENF 1% 6.0+0.0" 6.0+0.0° 5.8+0.0% 5.9+0.0¢
EENF 3% 6.0+0.0° 6.0+0.0° 6.1+0.0° 6.2+0.0"
Trehalose 1% 6.0£0.0%4 5.90.08 5.9+0.0° 6.0+0.0°
Trehalose 3% 6.1+0.0*" 5.9+0.0 5.8+0.0° 5.6+0.0'
A AF 1% 6.1+0.2% 6.1+0.0° 5.9+0.0¢ 5.8+0.0°
A Af 3% 6.1+0.8° 6.1£0.0° 5.9£0.0° 5.8+0.0°
oAl EE A 1% 6.1+0.0° 6.1+0.0° 5.9+0.0 5.8+0.1°
oAl | 5 3% 6.0£0.1° 6.1+0.2" 5.8+0.08 5.7+0.0°f
v A 1% 6.0+0.0>¢ 6.1+0.1 5.8+0.0% 5.7+0.0°
e A 3% 6.0+0.0>¢ 6.1+0.1 5.8+0.0° 5.6+0.0™
E AT 1% 6.0+0.1°% 6.1+0.0° 5.8+0.0° 5.8+0.0°
= AF 3% 6.0£0.0" 6.0£0.0° 5.7+0.0" 5.7+0.0'

Values are mean*SD (n=3).

**Values with the same letter are not significantly different(p<0.05).
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Table 31. Changes of the volatile basic nitrogen of the Myungran Jeot with
seaweed essence oil during storage at 25+0.5C

(H1: mg%)

A7Z717HY)
N
0 3 6 9

Control 19.8+1.3 4484212 115.9+18.7% 156.9+5.2°
SR04 1% 19.3+0.0¢ 44.9+0.5% 50.6+0.9¢ 52.1+1.44
&4 3% 19.6+1.1¢ 42.1+1.6° 43.5+1.6 50.5+1.24
EEANF 1% 21.4+1.0° 40.9+1.1° 54.6+2.7¢ 111.9+0.9
E=HAF 3% 21.8+0.7> 29.2+1.0° 66.0+4.6° 155.6+1.8°
Trehalose 1% 22.8+2.2° 32.0+0.3¢ 88.6+0.6° 177.0+4.7
Trehalose 3% 23.1+0.3° 31.8+0.7¢ 86.5+1.6° 113.9+3.0°
A A 1% 23.6+0.7° 2344220 34.7+1.2f 41.4+4 6"
A A 3% 23.1+0.5° 25.4+1.08" 35.7+0.5" 40.3+1.18"
AT A 1% 22.1+1.1% 23.8+0.7" 34.3+1.0f 37.6+1.3"
gAnE A 3% 22.7+2.3° 26.6+1.1% 37.1+1.6 44.4+2.1%
S HHF 1% 21.7+0.6° 36.3+0.6° 35.1+0.2f 41.4+2 4
nd AHHF 3% 21.0+1.2° 25.3+1.18" 34.1+2.5 38.5+1.1"
5 A+ 1% 22.5+1.1° 28.2+0.7 40.2+2.1° 452+1.1°%
5 A 3% 26.0£2.1° 28.1+1.1¢ 38.7+2.6' 49.2+1.2%

Values are mean*SD (n=3).

*MValues with the same letter are not significantly different(p<0.05).
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(3) Thiobarbituric acid(TBA) value

H2AFE BEH EL AR £47%e] WE TBA W Table 329}
2o A2A G A7l mE W] FAFARE A T 5 AU

Table 32. Changes of the thiobarbituric acid of the Myungran Jeot with seaweed

essence oil during storage at 25+0.5C

(9 O.D)
A 771 7H(Y)
Als
0 3 6 9

Control 0.1+0.08 0.1+0.0% 0.1+0.0° 0.1+0.0°f
£HI%E 1% 0.1£0.04 0.2+0.0° 0.3£0.0° 0.4£0.0°
&9 3% 0.1+0.0°48 0.1+0.0% 0.3+0.0° 0.4+0.0°
EENF 1% 0.1+0.08 0.2+0.0° 0.1+0.0° 0.2+0.0°
ISR 3% 0.1+0.08 0.2£0.0° 0.2+0.0° 0.2+0.0"
Trehalose 1% 0.1+0.08 0.1+0.0°f 0.1+0.0° 0.2+0.0>¢
Trehalose 3% 0.1+0.0% 0.1%0.0f 0.1+0.0° 0.2+0.0°%f
A AR 1% 0.1£0.04 0.120.0° 0.1£0.0° 0.2+0.0"d¢
A AF 3% 0.1+0.0°f 0.1%0.0f 0.1+0.0™ 0.2+0.0"ef
oA EE A 1% 0.2+0.0>¢ 0.1+0.0° 0.1+0.0° 0.2+0.0°%
AR A5 3% 0.2+0.0"d¢ 0.120.0%f 0.120.0¢ 0.1£0.0°
md A 1% 0.2+0.0 0.2+0.0° 0.10.0° 0.140.0°f
md A 3% 0.3£0.0° 0.2+0.0° 0.10.0° 0.140.0%f
= AR 1% 0.10.0°% 0.1£0.0°%f 0.1+0.0°¢ 0.1£0.0%f
= AR 3% 0.2+0.0° 0.1+£0.0°% 0.1+0.0>¢ 0.2+0.0*

Values are mean*SD (n=3).

“8Values with the same letter are not significantly different(p<0.05).
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Table 33. Changes in the number of total viable cell count of the Myungran Jeot
with seaweed essence oil during storage at 25+0.5C

(2$]: CFU/g)

NE AZ717HE)

0 3 6 9
Control 7.1x10° 1.1x107 1.9x10° 2.2x10°
ERAH 1% 6.6x10° 6.5x10° 5.7x10° 7.4x10°8
&R 3% 6.4x10° 4.6x10° 4.7x10° 5.3x10°
EZEXNHF 1% 6.8x10° 5.9x10° 5.2x10° 7.9x10°
E=AHF 3% 8.5x10° 3.8x10° 9.6x10° 1.6x10°
Trehalose 1% 5.8x10° 5.2x107 3.6x10° 1.1x10°
Trehalose 3% 4.8x10° 1.2x10° 4.2x10° 1.2x107
A AT 1% 6.3x10° 5.7x10° 6.0x10° 5.2x10°
A A 3% 7.5x10° 41x10° 6.5x10° 3.3x10°
oA EE A 1% 4.8x10° 4.6x10° 4.7x10° 5.2x10°
oAl EE A5 3% 3.6x10° 4.7x10° 9.0x10° 4.7x10°
1 FR 1% 5.0x10° 3.3x10° 6.6x10° 5.1x10°
1S FF 3% 4.5x10° 4.4x10° 1.1x10° 4.4x10°
5 AR/ 1% 4.6x10° 4.7x10° 4.3x10° 4.9x10°
= AH 3% 5.7x10° 3.1x10° 9.4x10° 3.6x10°
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Table 34. Changes in the number of lactic acid bacteria of the Myungran Jeot
with seaweed essence oil during storage at 25+0.5C

(%9l: CFU/g)

A717HY)
A&
6 9

Control 3.4x10* 5.7x10*

A AT 1% 5.6x10° 6.9x10°
A A 3% 5.9x10° 5.3x10°
oAl EE A 1% 6.5x10° 5.7x10°
oAl | A 3% 3.5x10° 4.6x10°
1 FR 1% 3.8x10° 5.4x10°
He AR 3% 4.3x10° 7.1x10°
5 AR/ 1% 3.1x10° 1.0x10°
5 A7 3% 7.8x10° 5.1x10°
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Table 35. Changes of the pH of the Changran Jeot with seaweed essence oil

during storage at 25+0.5C

A2 71ZH)
N
0 3 6 9 12
Control 62+0.0°  65:0.0°  6.6£01°  7.0+00°  7.10.0°

v e 1% 6.2+0.0 6.2+0.0° 6.4+0.0° 6.4+0.1° 6.5+0.1°

v Ae 3% 6.2+0.1° 6.2+0.2° 6.4+0.0° 6.5+0.0° 6.4+0.0°

A | A5 1% 6.1+0.0%° 6.1+0.1° 6.4+0.0° 6.5+0.0° 6.4+0.0°

oA e A4 3% 6.0+0.0° 6.2+0.1> 6.4+0.0° 6.4+0.0™ 6.4+0.0°

A A 1% 6.1+0.1%° 6.2+0.0° 6.4+0.0° 6.4+0.0" 6.4+0.0°

A A 3% 6.0+0.0° 6.3+0.0° 6.4+0.0° 6.4+0.0" 6.4+0.0°

Values are mean*SD (n=3).

““Values with the same letter are not significantly different(p<0.05).
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Table 36. Changes of the volatile basic nitrogen of the Changran Jeot with

seaweed essence oil during storage at 25+0.5C

(H1: mg%)

A 7712H(<)
ANE
0 3 6 9

Control 147+04° 72305 1764+2.6° 2831%52% 355.0:2.3
Mo g 1% 132428 19.1%0.7°  24.6+21°  327+22°  50.4+3.1°
e gf 3%  10.7+04%  205433°  255+17°  315:0.6° 49424
ThAEE A 1% 11.220.6™  17.7+14°  22.0+12°  40.1%12.6™  52.0%2.9°
ChAlEE Af 3% 9.6£0.17  19.0£05°  24.1+1.4° 422423 49.8+1.8"
A A 1% 9.6+0.4%  18.8+04°  23.6+14°  482+15° 505413
A B 3% 93+0.7¢  189+04°  229+12°  367:7.6™  45.9+1.1°

Values are mean+SD (n=3).

*dValues with the same letter are not significantly different(p<0.05).
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(3) Thiobarbituric acid(TBA) value

Table 37. Changes of the thiobarbituric acid of the Changran Jeot with seaweed

essence oil during storage at 25+0.5C

(9 O.D)
Ne A %717HY)
0 3 6 9 12

Control 0.2+0.0°  0.3+0.0°  03+0.0° 05+0.0°  0.6£0.0°
S AR 1% 0.2+0.0°  04+0.0° 0.4+0.0 04:0.0**  0.5+0.0°
S AR 3% 0.2+0.0°  04+0.0° 05+0.0  0.4+0.0°  0.5+0.0°
A ek BF 1% 0.2+0.0°  0.4+0.0° 04+0.0%  03+0.0° 0.4+0.0°
oA mE A 3% 0.2+0.0°  0.3+0.0°  0.3+0.0°  02+0.0¢  0.2+0.0°
A BF 1% 0.2+0.0°  04+0.0* 0.5+0.0* 0.5%0.0°* 0.6£0.0™
A A 3% 0.2+0.2>  05+0.0°  0.6+0.0*  0.5+0.0°  0.6+0.0°

Values are mean*SD (n=3).

“*Values with the same letter are not significantly different(p<0.05).
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Table 38. Changes in the number of total viable cell count of the Changran Jeot
with seaweed essence oil during storage at 25+0.5C

(2$]: CFU/g)

AZ717HY)
A&
0 3 6 9

Control 6.0x10° 4.5x10* 6.0x10* 6.0x10*
1 FR 1% 7.5x10* 4.0x10* 6.7x10* 7.5x10*
1S FF 3% 6.6x10* 4.0x10* 5.0x10* 4.3x10*
gAEE 5 1% 4.2x10* 4.0x10* 5.2x10* 7.0x10*
oAl EE H5 3% 3.0x10* 4.5x10* 4.0x10* 6.0x10°
2 AR/ 1% 4.0x10* 3.8x10* 3.6x10* 5.0x10*
2 AR 3% 6.4x10* 4.6x10* 6.2x10* 7.0x10*
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Table 39. Changes in the number of total viable cell count of the Changran Jeot

with seaweed essence oil during storage at 25+0.5C

(2$]: CFU/g)

A717HY)
A=
3 6

Control 2.0x10° 3.0x10°
v A 1% 2.0x10° 1.0x10*
e A 3% 8.0x10° 1.0x10*
oAl EE A 1% 45x10° 1.0x10*
oAl | A 3% 2.0x10° 2.0x10*
A AR 1% 8.0x10° 3.0x10*
A AF 3% 4.0x10° 1.0x10*
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Table 40. Changes of the pH of the fermented squid with seaweed essence oil

during storage at 25+0.5C

A %71 7H()
NE
0 3 6 9 12
Control 61£0.0  6.8+01° 7801  82:0.0° = 82%0.0°

v AF 1% 6.1+0.0* 6.1+0.0 6.1+0.0° 6.2+0.0° 6.2+0.0°

S AHF 3% 6.1+0.0° 6.1+0.04 6.1+0.0° 6.2+0.0° 6.2+0.0°

oA e S 1% 6.1+0.0%* 6.1+0.0" 6.1+0.0° 6.2+0.0° 6.2+0.0"

oA AF 3% 6.1+0.0° 6.0+0.04 6.1+0.0° 6.1+0.0 6.1+0.04

A AT 1% 6.1+0.0% 6.1+0.0° 6.1+0.0° 6.2+0.0 6.2+0.0"

A A+ 3% 6.1+0.0*  6.1+0.0 6.1+0.0° 6.2+0.0° 6.2+0.0"

= AdAF 1% 6.1+0.04 6.1+0.0" 6.1+0.0° 6.2+0.0° 6.2+0.0"

= AHF 3% 5.9+0.0° 6.0+0.0¢ 6.0+0.0° 6.1+0.0° 6.1+0.0¢

Values are mean+SD (n=3).

“*Values with the same letter are not significantly different(p<0.05).
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Table 41. Changes of the volatile basic nitrogen of the fermented squid with

seaweed essence oil during storage at 25+0.5C

(H1: mg%)

A7 7HY)
AlE
0 3 6 9 12

Control 15.8£0.9°  130.9+7.4* 350.9+14.2° 458.0+14.2% 526.8+7.7°
ued HH 1% | 131+1.2°  16.8+12°  209+1.4™  200+1.0°  36.1:1.0°
us AH 3% | 15.0£05™  14.6£3.3°  18.9+0.8° 20.1+0.4°  36.10.8"
A ul BE 1% | 15.6421% 212+65°  23.4+44™  237+35°  36.4x14°
A vl BF 3% | 154+1.8™  17.2£04°  19.1+0.5° 240+33"  36.9:14°
A A 1% 204461  17.6+0.4° 24307 20208  36.8%1.6"
A A 3% 152405  17.7+1.4° 24430  224+16°  358%1.1°
5 A 1% 15.0+0.6™  18.4+0.5°  22.6+09™  20.8+0.2°  37.0+1.0°
5 A 3% 18.1£0.9°®  18.7+0.2°  26.0+2.1° 242+21°  358+1.1°

Values are mean+SD (n=3).

““Values with the same letter are not significantly different(p<0.05).
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(3) Thiobarbituric acid(TBA) value

Table 42. Changes of the thiobarbituric acid of the fermented squid with

seaweed essence oil during storage at 25+0.5C

(9 O.D)
HE 0 3 . 72}7]6{}(%) 9 12
Control 0.1+0.0°  0.1+0.0  01+0.0°  0.1+0.0°  0.1+0.0°
o AR 1% 0.1£0.0¢  0.1£0.0*  0.1+0.0"  0.1+0.0° 0.1+0.0°*
n S AR 3% 0.1+0.0¢  0.1+0.0  0.1+0.0  0.1£0.0° 0.1£0.0°>

gAlul AR 1% 0.1+0.0%  0.1+0.0°  0.1+0.0°  0.1+0.0° 0.1+0.0°

oA A 3% 0.1+0.0¢  0.1+0.0  0.1+0.0%  0.1+0.0*  0.1+0.0°>
A AT 1% 0.2+0.0°  0.1+0.0°  0.1+0.0¢  0.1£0.0* 0.1+£0.0°*
A A 3% 02+0.0*  02+0.0*  0.2+0.0*  0.1+0.0*  0.1+0.0°
5 AT 1% 0.1+0.0  0.1£0.0*  0.1+0.0¢  0.1+0.0°  0.1+0.0™
5 A 3% 0.2+0.0°  0.1+0.0°  0.1+0.0*  0.1+0.0®  0.1+0.0®

Values are mean*SD (n=3).

*fValues with the same letter are not significantly different(p<0.05).
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Table 43. Changes in the number of total viable cell count of the fermented
squid with seaweed essence oil during storage at 25+0.5C

(2$]: CFU/g)

AZ717HY)
A&
0 3 6 9

Control 4.5x10* 8.0x10* 4.0x10° 2.0x10°
1 Ff 1% 4.5x10* 5.0x10* 4.0x10* 4.3x10*
Hd FF 3% 6.0x10* 5.0x10* 7.0x10* 5.0x10*
gAlEE A5 1% 7.0x10* 6.0x10* 8.0x10* 8.6x10*
A mE B 3% 6.5x10* 4.0x10* 8.0x10* 6.0x10*
2 AR/ 1% 8.0x10* 5.5x10* 4.5x10* 6.5x10*
A A 3% 9.0x10° 5.0x10° 1.2x10° 6.0x10°
5 AHF 1% 6.0x10* 5.0x10* 6.8x10* 7.0x10*
5 AH 3% 8.5x10* 5.0x10* 4.4x10* 8.0x10*
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Table 44. Changes in the number of total viable cell count of the fermented
squid with seaweed essence oil during storage at 25+0.5C

(%9l: CFU/g)

A717HY)
A=
3 6

Control 2.0x10° 1.0x10°
v A 1% 2.0x10° 4.0x10*
e A 3% 2.0x10° 2.0x10*
oA EE A 1% 2.2x10° 1.0x10*
oAl | A 3% 4.8x10° 2.0x10*
A AR 1% 2.0x10° 3.0x10*
A AF 3% 1.0x10° 2.0x10°
5 AR/ 1% 7.2x10° 5.0x10*
5 AF 3% 8.0x10? 1.0x10*
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Table 45. Changes in the pH of the Myungran Jeot with seaweed essence oil

during storage at 25+0.5C

2713t ()

A 487
0 3 6 9 12
PE 5.1+0.0° 5.940.0° 6.0+0.0° 5.9+0.0° 6.0+0.0
PET+CPP 5.1+0.0% 5.9+0.0° 5.8+0.1° 5.7+0.0° 5.7+0.0°

PET+AL+CPP  51:0.0°  59+0.0°  59+0.0°  54#00°  5.4+0.0°
PET+AL+CPP

AaEA
PET+AL+CPP

AEEH

5.1+0.0° 5.9+0.0° 5.9+0.0° 5.4+0.04 5.3+0.04

51+0.0° 6.0+0.0° 6.0+0.0° 5.7+0.0° 5.4+0.0¢

Values are mean*SD (n=3).

“4Values with the same letter are not significantly different(p<0.05).
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Table 46. Changes in the volatile basic nitrogen of the Myungran Jeot with
seaweed essence oil during storage at 25+0.5C

(H1: mg%)

A%717E ()

A 487
0 3 6 9 12
PE 20.4+1.7° 32.7+0.5¢ 50.2+1.4° 96.1+1.5°  128.2+56%®
PET+CPP 20.4+1.7°  34.4+1.0*  435+0.8° 58.1+1.1°  115.8+5.8¢

PET+AL+CPP  20.4+1.7° 35.4+1.0 49.3+2.8° 106.9+5.1°  120.9+2.2"

PET+AL+CPP
CES ¥
PET+AL+CPP

AExs

20.4+1.7° 43.1+0.0° 49.4+1.6° 98.6+4.6" 131.8+2.5°

20.4+1.72 34.2+12%  48.0+3.0%° 62.743.6°  111.7+1.4¢

Values are mean+SD (n=3).

*dValues with the same letter are not significantly different(p<0.05).
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(3) Thiobarbituric acid(TBA) value
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Table 47. Changes of the thiobarbituric acid of the Myungran Jeot with seaweed

essence oil during storage at 25+0.5C

(<9: O.D)
A %713t (Y)
A&7
0 3 6 9 12
PE 0.1+0.0* 0.1+0.0% 0.2+0.0% 0.2+0.0% 0.4+0.0%
PET+CPP 0.1+0.0* 0.1+0.0* 0.1+0.0° 0.1+0.0° 0.4+0.0%

PET+AL+CPP  0.1+0.0% 0.1+0.0° 0.1+0.0° 0.2+0.0° 0.4+0.0°

PET+AL+CPP

_ 0.1+0.0 0.1+0.0% 0.2+0.0° 0.1+0.0° 0.3+0.0°
ArZzA

PET+AL+CPP

AEEH

0.1+0.0° 0.1+0.0° 0.1+0.0¢ 0.1+£0.0° 0.4+0.0°

Values are mean*SD (n=3).

*dValues with the same letter are not significantly different(p<0.05).
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Table 48. Changes in the pH of the Changran Jeot with seaweed essence oil

during storage at 25+0.5C

2713t ()

A 387
0 3 6 9 12
PE 6.0+0.0° 6.6%0.0° 6.6+0.0° 6.7+0.0° 6.8+0.0°
PET+CPP 6.0+0.0 6.5+0.0° 6.6+0.0 6.7+0.04 6.9+0.0°

PET+AL+CPP  6.0+0.0 6.4+0.04 6.6+0.0 6.8+0.0° 6.8+0.0°
PET+AL+CPP

ArZzA
PET+AL+CPP

AgEA

6.0£0.0° 6.6+0.0° 6.6+0.0° 6.9+0.0° 7.0+0.0°

6.0£0.0° 6.5+0.0° 6.6+0.0° 6.8+0.0° 7.2+£0.0°

Values are mean*SD (n=3).

“*Values with the same letter are not significantly different(p<0.05).
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Table 49. Changes in the volatile basic nitrogen of the Changran Jeot with
seaweed essence oil during storage at 25+0.5C

(H1: mg%)

2713t ()

A 487
0 3 6 9 12
PE 8.4+0.9° 26.5+1.0° 135.3+1.2°  175.7+51°  210.9+6.5"
PET+CPP 84+0.9% 19.241.1° 113.5+0.2°  158.6+0.7°  183.2+7.4°

PET+AL+CPP 8.4+0.9° 19.7+0.4° 136.0+2.2*  200.9+3.1°  213.0+0.9°

PET+AL+CPP

} 8.4+0.9° 19.2+0.3¢ 113.2+1.6" 164.8+3.0° 225.6+9.5°
AsEA

PET+AL+CPP

AEEA

8.4+0.9° 24.8+0.7° 107.6+1.6°  109.0£1.2¢  124.3+0.7¢

Values are mean*SD (n=3).

*dValues with the same letter are not significantly different(p<0.05).
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Table 50. Changes of the thiobarbituric acid of the Changran Jeot with seaweed

essence oil during storage at 25+0.5C

(9 O.D)
A&7 (Y)
7871
0 3 6 9 12
PE 0.1+0.0° 0.2+0.0° 0.2+0.0° 0.2+0.0° 0.4+0.0°
PET+CPP 0.1+0.0 0.1+0.0° 0.2+0.0° 0.2+0.0° 0.3+0.0°

PET+AL+CPP 0.1+0.0° 0.2+0.0° 0.2+0.0° 0.2+0.0° 0.3+0.0°

PET+AL+CPP ) )
} 0.1+0.0% 0.1+0.0 0.2+0.0 0.2+0.0° 0.3+0.0°
dazq
PET+AL+CPP . ) ) . .
- 0.1+0.0 0.1+0.0 0.2+0.0 0.2+0.0 0.3+0.0
1 O

Values are mean+SD (n=3).

““Values with the same letter are not significantly different(p<0.05).
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Table 51. Changes of the pH of the fermented squid with seaweed essence oil

during storage at 25+0.5C

2713t ()

A 87
0 3 6 9 12
PE 6.7+0.0° 6.8+0.0° 7.6+0.0% 8.0+0.0° 8.3+0.0°
PET+CPP 6.7+0.0° 6.7+0.04 7.3+0.0° 7.5+0.0° 7.7+0.0¢

PET+AL+CPP 6.7+0.0° 6.8+0.0° 7.3£0.0° 7.5+0.0° 7.8+0.0°

PET+AL+CPP . .
} 6.7+0.0° 6.9+0.0° 7.5+0.0° 7.8+0.0 8.0+0.0
il
PET+AL+CPP . . . | .
- 6.7+0.0 6.8+0.0 6.7+0.0 7.3+0.0 7.6+0.0
1 O

Values are mean+SD (n=3).

“*Values with the same letter are not significantly different(p<0.05).
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Table 52. Changes in the volatile basic nitrogen of the fermented squid with

seaweed essence oil during storage at 25+0.5C

(H1: mg%)

A%717E ()

A %87
0 3 6 9 12
PE 13.9+2.0°  252.0+0.8° 341.2+6.6° 443.8+58" 584.7+10.0°
PET+CPP 13.9+2.0°  227.0+45" 294.5+24° 376.5+10.9° 515.8+11.6"

PET+AL+CPP 13.9+2.0° 196.0+2.2°  285.0+1.7°  369.7+7.0°  445.9+9.7°
PET+AL+CPP

2253
PET+AL+CPP

A

13.9+£2.0° 143.4+0.6°  255.2+3.7°  439.9+6.1*°  492.2+8.8"

13.9+2.0°  150.3+2.2¢ 280.9+3.8™  344.7+22° 472.6+10.0°

Values are mean*SD (n=3).

““Values with the same letter are not significantly different(p<0.05).
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(3) Thiobarbituric acid(TBA) value
e mE sz H7E 240 5e] 47|k TBA WSh= Table 53
BUiith. A% 12dA47H2] 24"l Wt TBAgLe]l Fojd oz AolE HolA] &

Aot

Table 53. Changes of the thiobarbituric acid of the fermented squid with

seaweed essence oil during storage at 25+0.5C

(9 O.D)
A %713t (Q)
A&7
0 3 6 9 12
PE 0.1+0.0% 0.1+0.0* 0.1+0.0* 0.1+0.0% 0.2+0.0%
PET+CPP 0.1+0.0% 0.1+0.0* 0.1+0.0° 0.1+0.0% 0.2+0.0%

PET+AL+CPP  0.1+0.0° 0.1+0.0° 0.1+0.0° 0.1+0.0° 0.2+0.0°
PET+AL+CPP

ArZzA
PET+AL+CPP

JAEEH

0.1+0.0° 0.1+0.0° 0.2+0.0° 0.1+0.0° 0.2+0.0°

0.1+0.0° 0.1+0.0° 0.1+0.0° 0.1+0.0° 0.2+0.0°

Values are mean*SD (n=3).

**Values with the same letter are not significantly different(p<0.05).
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(&g M/T)

7 B 2002 2003 2004 2005 2006

7}Av) 13,816 13,017 12,038 15,319 19,879
S5 3,381 1,928 2,472 2,401 2,647
Piaks 7 1,047 2,419 3,925 4,197
150 H 141,751 122,044 184,274 135,596 101,427
A 7,099 1,424 2,960 4,319 697
S 10,427 5,154 9,060 15,212 13,754
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o FETHE FAVIEF AL
@9 - M/T
A= 2002 2003 2004 2005 2006
A= 83,043 80,608 159,638 138,585 149,487
A5 A - - - - -
ARG A - 16 - 68 -
o 7339 A - - - - -
AHFHA - - - - -
BT A - - - - -
th X33 A - - - - -
4Hg 4 A - - - - -
BIN= - - - - -
U= - - - - -
THAEE - - - - -
TGS - - - - -
AegE= - - - -
Agd= 16,039 4,553 5,020 9,053 9,008
BB 3,098 670 1,044 - 1,959
ARG 63,906 75,369 153,574 129,464 138,476
AT= - - - - -
| - - - - -
fxAF (A= 82,946 28,511 71,265 153,597 135,668
A EH A 277 145 - - -
FARg A 903 1,112 1,532 3,020 1,951
o 7339 A - - - - -
Q13339 A 197 109 - 29 106
BT A - - - - -
X33 A - - - - -
4 A 882 905 223 461 156
A= 716 758 7171 4,802 2,532
AR st 82 100 139 11 19
_%_
_%_

BN o
o® |
M

oft

- 0 - _
A= 536 1,036 1,386 150 5,444
HgE= 726 1,065 690 767 852
Agd= 78,074 22,422 59,464 143,923 123,270
6 0 - - - - -
A= 171 117 107 191 800
AF= 382 742 553 243 538

o Mol Yulel - mFo] - FH 5L Hx FHE AHgtel mURAlH LFS)
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A5 A AAA d

1. AFFHF7] (Product life cycle)

7h s = AlFo] AAAZNA FA o= Al o

U A s FES AETD Hdd F AlFe] A=A o= AdEiel 3l

AQA 2tk ol o] ABS el (1), 2 E7F

7HE7] =471 4771 Z3}7] 41 7]
2. ANt E
o FAR(=TE B AY) T e - =
o AR

T = A AR A e AR
A At = 545 WG (2010 d) 918 Wut§
S AT R 1967 M HF (2010 d) 2558 kLl

kg ol 2 WGl e
W9l gle M SHA (EE )l U
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