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SUMMARY

Title of project

Development of oral health material and products derived from FEnteromorpha

linza

Introduction

Object

Seaweed off the coast of Korea appears to be a prominent source of
bioactive substances, as compared to seaweed found in other areas, and has
great industrial development value.

In this regard, there has been insufficient research performed on oral
disease prevention material and the higher business value of the use of
seaweed.

Periodontitis is a chronic inflammatory disease initiated by a group of
gram—negative periodontal pathogens including Prevotella intermedia (P.
intermedia) and Porphyromonas gingivalis (P. gingivalis). P. intermedia and P.
gingivalis have been implicated in the development of various forms of
periodontal disease (Socransky et al. 1999).

Antibiotics or other drugs are rarely recommended to treat or prevent
periodontitis(Leke N, Grenier D, Golgner M, Mayrand D et al. 1999).
Therefore, in most cases, periodontitis is cured by operative therapy or

mechanotherapy.



Thus, we focused on the development and commercialization of natural oral
health material through research into optimum isolation and purification

methods and industrial applications of the seaweed E. linza.

Significance
The significance of the industrial and technical implications obtained from

research and development goal achievements may be summarized as follows:

@ Establishment of an effective isolation and purification method of the
material from the seaweed FE. linza that has antimicrobial activity against P.
intermedia and P. gingivalis, which cause periodontal disease.

@) Technological development, including mass production of antimicrobial

compounds and physical properties of a prototype.

® Contribution to the marine pollution solution by utilizing E. linza off the
Cheju Island coast, thrown away as sea waste, to create resources and reduce
economic losses involved in garbage gathering.

@ Contribution to income enhancement of the seaweed farming industry,
seaweed industrialization, and natural product separation research revitalization

through natural oral health material development through separation from

seaweed resources.

Oral health material development from E. linza
— Development confirmed that the seaweed FE. Ilinza, which has been

traditionally used as a food material and is easily obtained from the Korean

seashore, showed specific antimicrobial activity against P. intermedia and P.
gingivalis of typical periodontal disease.

— Polarity fractionation, Sephadex LH—-20 gel chromatography and
reverse—phase high—performance liquid chromatography (Alltima C18 column,
10 mm ID X 25 cm) were performed to identify the active component. The
active compound was at 95% (in 6.2 min and 7.8 min) acetonitrile by RP—HPLC
and identified as the unsaturated fatty acid, 6,9,12,15—octadecatetraenoic acid
(stearidonic acid, Cigu, n-3) and 9,12,15—octadecatrienoic acid (gamma—linolenic
acid, Cigs. n-6)by LC—MS, GC—MS, and 'H NMR and '’C NMR spectroscopy.

— Stearidonic acid and gamma-—linolenic acid yield from dried seaweed tissue
was 6.33 X 107° % and 6.47 X 107° %, respectively. MIC values were 39.06
1 g/mL against P. intermedia and 9.76 pg/mL against P. gingivalis. MIC value of
chlorhexidine was 8 xg/mL against P. gingivalis. These data suggest, therefore,
that E. linza extracts and stearidonic acid may prove useful for treatment of
periodontitis.

— There were polyunsaturated fatty acids (PUFAs) present such as
alpha—linolenic acid (ALA, 18:3n—3), eicosapentaenoic acid (EPA, 20:5n—-3),
docosahexaenoic acid (DHA, 22:6n—3), linoleic acid (LA, 18:2n—6) and
arachidonic acid (AA, 20:4n—6), which show antimicrobial activity, as compared

with stearidonic acid (SA) and 7 —linolenic acid (GLA).

The clinical simplicity of E. linza antimicrobial activity
— We manufactured a gargle containing an E. linza extract created with ethanol
fermentation for a relatively simple clinical manifestation of E. linza

antimicrobial activity.



— We determined that the gargle, which had the E. linza extract, had a powerful
antibacterial effect not only on the clinical index but also on the gram—negative

periodontal pathogens P. intermedia and P. gingivalis.

Research into the industrial applications of the E. linza antibiotic material

— An extract was manufactured using hexane to extract the polyunsaturated
fatty acid, SA and GLA, which was the antibiotic material separated from E.
linza.

— We confirmed antimicrobial activity against P. intermedia and P. gingivalis
with the dentifrice prototype containing 2% of the E. linza hexane extract.

— We found no problem in this regard, apart from the fact that viscosity, index
of refraction, pH, and color were concentration—dependent, as determined by
the physical and chemical properties of the dentifrice prototype.

— The pigment elimination process was added to the extraction of E. linza by
the hexane because of the advantage of the unique aroma of the extraction and

the disadvantage of the extraction having its own pigment.

Research results and practical use plan

— The plan is to make buccal cavity goods (dentifrice, etc.) using Original
Equipment Manufacturing (OEM) of Green Wonil Co. Ltd.

— It does not admitted to the experience using the extract containing the SA
and GLA in domestic.

— Further study is needed because of a lack of exact data about the type and
quantity of effective components.

— The plan is to industrialize the dosage from research on the safety and

stability of E. linza containing SA and GLA, a polyunsaturated fatty acid.

_10_
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dlebrte] Aolm, olWA FUEE CwHsl © A%Y w Ady Qod F3
O webd, FEamlolt 7144 ¥l vlste] 1 o w Aw7t golati, 2717 ez} Holzkn ki sadta otk FUEE ol oxy dteld 2AZ #
AFgetol = SHAAl g ol Aol e Aol thgt EAZk tlEHoIAA ohshn], o & FAAZ0] Weroy shejz} AolWA AR Atse] wdo] BAY
485 PAHA ofUst AARA K29 TAAD O BE Aw 2HEL e T ugTh AgERE A4 W 7H djekjel 2 Her £AEA gowd xm
Q0] AFE Aol B3] guo] wirelA, dlRAde] e SeuEel Ag Aol whalg slekA] W Frw Mozl v AFEEAA WA} AEdE 5
A B4e e A B AR x@e A AATARRY TRARE oY © b7 eqlow ¥alw Atk oi7le] APAELE wEHME AAE oA £ 4
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H 23 Ui #37|s9 &

A1A SU EEATY 33 2AF
L3 71¢ 8%
b 7AARe 24

AoR ZFA FHEAQl AEJEIAAS F (Steptococcus mutans) 73 2 F2 35k
Sl E¥ R RuUA 0718 A (Porphyromonas gingivalis) 2 5 4 Atk 1 9]
ot ey rez} Qe t)o}(Prevotella intermedia), NE|x=vPA A NE] xulo] A€l

FnErA (Actinobacillus  actinomycetemcomitans) W vl &4w|gkA (Candida
albicans) S E33= vl % (Candida spp.) & HYA v B E 28] X5, X
4, , T A, A, FAAES 9 o] wH

rlo

01}1'

Y. AF489 dd=F

O A9 ASxAe A 27174 dgoln] AAd=a a3t wdo] 9l
o AAlg el AT S4=9 Faid AJEo] Hopxmde] e gF 7l A
T-(dental pellicle)ll 7 W ZF Aldsol F-&sto] e FAY Awdoidd

wtolm] 2] e} = Z2}1(dental plaque)2Fal% 3tk (Kim et al., 2005)

O Socransky?] Hare] o3hd AU MFS 6FF2 UE F7F ded, E7149A4
ol Holxe] Z7]o] FHE o]F= WAool w2 Actinomyces, yellow
complex, green complex, purple complex ¢} 7|AAdol™ FNAHHAS Ao
71 HAAlo] & orange complex, red complex® ®H#3 4 vt gk 1
T A9 APy FHo] ¥ orange complexoli= Prevotella intermedia (P
intermedia), Peptostreptococcus micros(P micros), Prevotella nigrescens (P
nigrescens), Campylobactor gracilis(C gracilis), Campylobactor rectus(C
rectus), Campylobactor showae (C showae), Eubacterium nodatum (E nodatum),
Fusobacterium  nucleatum(F  nucleatum),  Fusobacterium  polymorphum (F
polymorphum), Streptococcus constellatus (S constellatus)7} Q2™ o5& A

B4 FHb7)el skl 2715713 w3 red complexE A FE e ok
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red complex®l¥  Porphyromonas  gingivalis(P  gingivalis),  Bacteroides
forsythus (B forsythus), Treponema denticola(T denticola)?} 43l Qow o]&5&
Waddo] vl F& FOFE AT NFEeAE EdNE] Hou, A5 ATl
e A5 dAEE (F9e gdwoez A4y Ath. (Socransky & Haffajee,

2002)

O £ AFdME 7] 29 #do] 72 orange complexa oA P. intermedia

1 212 red complexz oA P. gingivalisE A E3}o] X

o

N
N
jale
1o
2
oZ
i)
i
)

o

I = AMlrelty. H5A3RAAE2 FHE P ogingivalis®] 2lute] = U

i &4 5] 3l (Lamont & Jenkinson, 1998) |

ul XFWA U P gingivalis®] $7F 27189 xFA3ko] WgHe wel G

HES = Pgingivalis7} M3 HAL P, gingivalist AFXE% 34 HadAY
1

AAEH, 2FAZ0] Qdsts HaolE & tha] 2ddn}, (Tanner et al.,

O
ol
J~>
g
[
2
Hr

\j
o] AT A E7F Aol F-2E o] gl ARk AR A

O
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O A8 F4 A 9 AAE 8] 13 x4l ez Sl&dde] gt sl&d

B AASEH Qo] ga® PiolAn FYAA Aohrtolt e

O ol¥g T3S weshr] gt Hu kst a4

A ole] wzA Abge] BeAel Frskdm WA oY KA

O thEAQl FAgx N FaAdEERE chlorhexidine, triclosan® Z& phenolH],
dextranase® #& @xA, ofd, F4, 8 T2 /3 Z49%, sanguinarine,
bisbiguanides# 2] thymol, menthol®} Z& essential oils°] ¢t} (Ciancio,

1986), (Lusk, Bowers, Tow, & Watson et al., 1974)

O bisbiguanideA|¢! chlorhexidine disgluconatet: @A 7}4 wWo] ALgEH 1 Y= F
BAZA fFadEozd FAH, FASHE At o FAxAF AxH B F
Az o] Hojum MAs] WEE= Aol e wbd, tho] 2Au, Xjof A {4
A A 2, a9 W BESEEY] WA S @RS 7B ok
(Renton — Harper, Addy, Moran & Doherty et al, 1996; Moran, Addy &
Newcombe, 1997)

O dextranase: X|®] A% Streptococcus mutanss©] A3  (1-6) linked
glucan¢! dextran< K arE R R e a (1-6) Glucan
6—glucanohydrolase®]t}. 1960dthol| Fitzgerald £°] TEAHS Ealo] XA
< JAsE RS el o)Fel FAAEA fFEAROE Wo] 2ojal Utk vt
e o AlEe] AAEHE nondextranous plaqueols &I/ itk @)
At (Fitzgerald, Keyes, Stoudt, & Spinell, 1968)

g Wl 0] 47 W FHdA

skl Th (Hull, 1980)

O
ol
b
o2
rlo
&
oft
>
ofo
>,
it
ox
0
r\q ﬁi
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(O Sanguinarine Sanguinaria Canadensis® 7oA +&]¥ sanguinarine®] &=
alkaloidE& 72 5 FdHLAE 7HAL Qo] FAYA AR AMEEHo] gty T2
T ALl 79Nk (oral leukoplakia) 2] @z 7 Wl E43e] A3
Hol v Zaf okmrt AstavkeE FAHo] BuETh (Chung. Choo, & Lee et
al.,, 2006; Goodsen, 1989)

O Essential oile]&, @717} e AEoA S8 oz Fes Uy 248 I8
th. essential oil& -t WA, sdE, F5, vF, AlA, FAE SOE o]Ey

of g Aol Wit, FAF, PR, FololdAmst ol wase] FAA)
FEYLOE FH0T Yok et oY AYBY Rk R 3BY AR o
s AgEd o Ams} olg3l] AT WAE FRE A7 AA Pok HF

3lal=d o)gl&o] ATt (Schmidt, Jirovetz, & Buchbauer et al., 2005)

SHo% ALEY 5 o HARAREC] A&Hoxw A7H vk AR A7H 1 )
L AEFFEES B 5A5EEY £AFSRONR, oW Farel, 2000)

O & AgelMe o8 Aed golM A2 SHeM Hoshy] 4a o ded

HEAL TFn o] FAUTS AFYPYl F RoE AYHE AYHEAAS

O 53] dFEALFAA slzFolls theFst bioactive compound&©°] X&=o] Q)
o gjolg A, dute|E ol I, TFE&LE 7F compoundEE U

t}. (Newman et al., 2003; del Val et al., 2001)

e
o
fla}
2

o

O a8yg @474 s/ Ay Rils Bd vE i

e

I+, FF0|, yeastsol ot

G as AFH s oy (Gonzalez et al. Unci T.NEY et al), T-2%xH F&
JE o7 s3] $lste] FRs AN2AAAAQ P intermedia®} P.gingivalis®
Ag e digt A= A Eark (il
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Table 1. It is the efficacy effect and disadvantage of the anti—microbial

O olel & dAFelAE theul=e] At s 575 HE2FE FASI dA = component used in an existing and content about the side effect.
AbsE 229 #A-AFRl P intermedia?}y P. gingivalis®] A5 A &3}ol dste] -3k anti—microbial . ) .
¢ efficacy effect disadvantage & side effect
Fom, AAdAaHN7} =& Enteromorpha linza(E linza; 3#)2] phenolic componen
_ _ N ) T4 AEFY W3 aFEE 7 el ARESAY 52
compound ¥3& UAAIF TR N o7 A FFFATE o] SXMS ALEEFIS W = Oc:lo;] ) Cv;l—‘_:_ Ao xﬂlz—__t‘:_}z S YEQF ALET AL FHL}
AE A 2)2q] Lo kslE A ot 7] f8te] MY O E linza extract F 1 chlox;ohex)idine f‘i Fai J_}%‘C? —;L;J ;201]] ;ﬁ’}»’i%} %}127;’]03’—, ]:r”?fq#o]
o CHX FAA Ago] wWE | MANAY, uzto] e Ao F
S, FdxToR V&Y AlFHI Qe 1isterine®(?&'-'.l—f‘—€?‘—f‘—€, Positive 7]5%1_%19] g8e | mrjZol %%1_5; _),:O 9l31, HelAo]
ControD & AHg3tgich. Agbel AR astE dobny] $13tel plaque index (PD), = E9 slel b el B ARgel A
gingival index(GID), bleeding on proving(BOP)E =431, X&dadd#el P Aope] x| F-#a}
B ‘T:‘Ac—}éo] 2}101}“1 %7] JTa A 5 A0 Z]olo] XA
intermedia®} P gingivalis®] & Real time PCR& ©]§3lo] Z4at3ith. o | cetylpyridinium | oy 6 51 30 o) | 2O ]:MEO U A ]"l e
chloride (CPC) 24S  95-350%4% I BT XA FHS opr¥
§ ;ﬂ AAE F A=
. 71 FEA S A
o 71E FEAS T4 EPY g e | AFS A% ATR A8 9@ &
O F 47 vAES st Aat 94 Ha28s 2t FAAE 289 s TF 3 (Fluorine) ° S8 mw B B 9o
o FAATY AFH B e T4 oA 9 AmAEA pEEe] gk e olmeo] =R oT
AR N3l 7ke OB DA Ele] AL o]ES xE Wl ofubaly] o ato EEatz ] AA 77 delXs 4| 71 ARRAl A s 9l
Aol AFA T AR A A olgg A S L AR R 4 (Listering) A9 EIAL of | fol L}-E}‘é—’,‘—ﬁ}é— !
e A & ghetebEe ulg Al oln® R Ae AFANTE 59 740 ARGk g)S
Falfoly ZIAA el o8 Asstal lom, I s % W A ow Caz el AZEAo] o} B7|7F AFEA] Bz
AerE 3 9l 5 e THel &9 e £ 87t w1 AT Idol
Ha= NI (Triclosan) g P o] 9o
M
A=to| el A G ARA 2ok :r”hﬂ/l NG S AT
o FAAY A AA FE 5& T A dvte] o dAH BAgs do7 6 s c e ) 92 13 AFAZ g AFA7F EE T AL
P ANBAURATINGT | o) g 5j0) gre o A 8
=3 zo 5 2 HFAbol = Alatell digh 5gdo] 9l | AAZANE HZES veRyo] <t
o 77 WA Ed 9@ dudss A2 F Uth 7 (P;roxide) o Terh M 240 ;‘}xﬂﬂ ;l_é_
o A71A A Abgo] E&ste] @A A Ao R o] gH & gl wilo] itk

U E12 71l ARSI Qs @ AAe] a3 F-A-Eel e Q. oks Aol
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Table 2. Recently, the oral disease prevention and treatment composition are

handled among the patent which is applied from a domestic.

ZAEANE rs
AT oo RO GIEAs Il o8, oRd T ©
|| 2005-0010 | setA g st} Holwt Adiat W FFEAT AN oF
082 | ¢ Aol= A su Ak AN s PFRE 2HBS A
3Fal )
=2 Fag AERNEFAAA FEA(S mutans) W XT3
el E I ZRUA 707188 A (P gingivalis) ©l WSP e
9| 200570035 | o) pe o gau grAlE gastel 22 9 AT AL
954 2949 BEAE ATeln AtEAE T4 944, 4, A 5
cherat AR e 24 B ol g AS A vk
77 AL AFAE GAA 9 EepEo| =2 daate] 74
At AFAT 2 ofF fREAS AAS] THAS JAFE T
3| 2001700011 oy o’ 2 hme gzat. ojm AgEE 77 AFAE EoZz
6 1y qavggezdels, 4A0d, g2 Sd4 Agd 1%
wi 0% o4 Abgatel Axshs £HES AT Ak
A =225 Fastol U 2A FFAS AT Wu of
4 2001-0026 | 2 oz Qs ‘7‘413]7% 1 Sl HAHIS ouste=d Hold
581 | &wabrh 9l 71Ee] AT AUA BE ABaRS A= T
3R 2HES AT am
=52 o a XoF Az el tate] ML Sl HAE
5| 2001-0035 | 222 FRA AU PR we FRHOR FFAL A I
980 | FA9] olato] Hojuhm mat qlake] QAR xﬂﬂo} o &t
etelste] FHAZA Y edgte] Holurha ek 9)
NEE2ES F0d 774 sw ZA8 2R ﬂth 7HAah
5| 2001-0006 | ek A5 FEEo] WAL} Hebdr B AANIE T
218 | o] Satel olefdt YA EHS Fato] TAYMS ZAATE
d ejato] wojubrta vheha ik
A BNTEE Wkl Eel# i U FHEA WYl
7 199523?014 oA Al At B4 ASHE wrol AeAA, FHWA 2 Ao}
e Aol EAA TAE ZAZS Arali Y
% Z32] 0 ety B EE A B yeskisti
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Al2Ad 9 #dAT % ZAF
1 29 71¢ a%
7k 4B 7% 4%

O 429 xA 4 373 248 Az vha 233
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Table 3. The representative Oral Health material and the manufacturer of Japan . 79 &3 A3

3T 5] K] - 2 = 3L %_9, ] Es }\E %l— 2= 0]=0] X Zoﬂo]
are as follows. O ofdl % 49 42 nj5eo] HE ¥ 24E 53 lA T Uzl AFHel
=3 et gt Ae] A Qs ¥ AT, Aol #S A i AT EE RS
7 % = . sualy
i ’—E_'
AZN 4 & ES-a% o 4 9}
Ho] —=EE 3 2F A - =
e e | M1 o] 9 Sl 9= A
= o o e SAe dASa )9 i i iti i t situation toward the
JhggjotAl e 9 A o}xyg Et\ﬂj ]OB}L}] s;g—ga%Lsgxgs} Table 4. It is the periodontitis bacillus and overseas patent situatio Nk
Tl A A s o] A Qmo] olZ=S o] antibacterial activity of the marginal gingivitis bacillus.
cuor T ATE N tq /\U"1 o = ‘IT-JO}'H]
ey | = 8 Bedas SEE AE o yans ae g arel
e x| 969 ARuEAFAE A 0 o S | ot a5 A= e
G | b | 2 oles 1 ot R IAEHAE | &7 =3 AR
(%UOEZ,: o ]% ]J— PR
o] oFA}
A . PERIODONTITIS .
? 8 & = AEE Aol gl 4 wAACe] B3 AZql
T AGAZ vlag FAG oS AFE <) < gt A CURATIVE AGENT raa 1gl 2o A
Ade g Mget XA WE | doldk § el U Al WITH MANUKA manuka®l|A] F#E EelA
"3 9] rellM mE S-FE | o . adt S Ao 1 (2J(§)O_60102479éi) HONEY AS MAIN 2Zoe guksl= vhg g}
=9 Jpural = w1 9 —04- AL A et BFAS
5o Mot = 7leEan Sl INGREDIENT AND v 7JEE§}}2§E}° ]
SUPPLEMENT = :
ZHHET A A FEF| o] AFS AHAE gl AY SIS
SRE A 3 | 2A0 A Be Bad PERIODONTITIS N
= = L = =4 - e = % Hl3l =
opAts] | & F 50%) 8 FAEES AR | Adshe 8-S drh 53 CURATIVE AGENT | X% vLo}; F;frejfmioffus
2 HZAF | =8 |29 AR(ESY B)S5oR | A3 859 AME wo] o JP-0187494 WITH MANUKA mutans®] T25& A=
T =T A o\ \muaTe Td)eo =2 | & S 5 2 o740 © HET—IL} o]# 310 5
174 23U AR ol&H | &, AT U AA =ou (2005-06—-27) HONEY AS MAIN ]o \_ofﬂij d] an LH‘?%_I]E}_
5 Ey ' INGREDIENT AND NE ZAE i .
A= i QT
SUPPLEMENT
adE FE= {71 10% 3 ) Compounds for the A asol U 9
EL) oA, EEHE 4.5% OVE}_)T/} ELE; #ds A adel ?]' 3 US—-0762038 Treatment of Fz0 24, W] Prok
3 4 ul| 2 R e ﬂsé% 7]1] ;;Z:?iﬂ gelo] E]_f I (2007-06-12) Periodontal Disease BIEEI=
= = 214 FJAAS AAsHE /Y
BRI R A o A A oz gelzol thedy AR
=T %L‘ A “IZ—\: o ) 1 A . bl - . = -
- Z EoiEat | 61—)\'15’;0] :rL7L
A2 Taebn 9ok, _ Oral Care g o s 9 g 3
e etehon St 4 US—0739393 Composition with Aol 2FEZ X3 D4 9loA
&Fof & A4 =FUF Fx (2007-04-24) Silicone Composite T e EA8H=
SolA FEo gl s & vhg|@olo] AH-S A st}
€21 9= A T A A4S BEAE | d9AY o & AleS A
4| (TAC ;-;/]_ o7 Awsty Fd ALY | n AFH 5o HH 53  ZA 0 B8 AR EYME)A yeskist
21)AF - AstrE FY G5 Aol | 7 QT
A =BAA EAE vkt
o]},
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A 3 AFTE

1. AF 7=
ofd & 58} o] AEE A A FEE YE it

Table 5. It is the entire size of the buccal cavity product market.

CORCE)

S #HA L] At o & ATt
(20071) (20091
A A 12,000 15,000
A 4,480 6,000
* TAEE A AA G
% AFE27) ¢ KIET 39l gn

O AA T724F A e 20079 1% 28l 2009d 1% 53 gow &
7he AoF oitEm Hu FAEE A TEE 20079 43 4809 delA 20094
6 AR T AoR ofitd
¥ AFETA CKIET dlQatdd R
O %=

T2 A AALY Aol H o ArtEE AANA 195 AAekaL 9l
ooAA Aok AR 609 Aol ek wiE g EE oF 809 S9kS 715kl Qi
S AF7IHY SACl wEE Fo BA= AgHFL Colgate?t 23%, Cresto]

20%, Zhonghua”} 10%, Signal®] 10%, Liangmianzhen®| 4%, Heimei’} 4%, 7]€}
7V 12%%E AT & flelA dud Bl EEo] ofn] AAl ALl ¢F 90%E A

A)8kar gLk

O 9w

QAuol THEE A A AH, FH I § oA $E TR, AR F
A ool QlEg o Fol F gmolth, AT Anlae] Xob Aol visk wlel
Folda o9 Aol Alge] AAFA heHl thaol AR 4ge olFelw Yk

2005 @S ZhA7F AFA 0w TVCME £ d=3%

tlo

Aslati Qe A 7}

_36_

7h ol okel FHEES wolu Aol ok Hold Aelrt

¥ 2006 4 S48 E A 5T KIET sigatddw)

UL T AN EFE ALY 18.5%F A Ak TANEEE A
AL AZELS 2002904 2005 Atolel Wzkzh A3tk 2002 0.4% 7483
G AP 20039 1.1% S7FFSAL 2005 AT EE 169 5,000%F @ejoltt.
ForE oF 69 7 ZhFel FujE AJolrh. 2005 Aok A 99 9,400%t &
Rov AA AZe 60.4%5 AAFAG. A& AFS 29 7,900% FE® A A%
9] 16.9%%F A4 gk},
¥ 2006 59 FAAEEE A (KIET s gatdgdn)

1o

o
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H3g d7Mg 28 W8

Al1Ad A7% P
L QA=Y 7AR% 24 AR
7. asele g#Ed 2524 B9
O ELEVEREE
Al A ATl 20009 39 AFEIN AAR Rom RAAEL AAD

=
My

F, A58 gE Ao Ao 98] AxA ke, 71 ol gkl EaE 4
& AHgSh AR AstAe) FEES B 2 PHOR AxSHAT

@) 93 D FEFE UL B FHEY Az
b At owe F2E
A Qe B4 150g0] 95% WL 100mLE Fhalo] &% E9

2
o
o
=
R
=

Zote] 2FE NS Aotk 2FEAE oFsto], FEI odE AUSEIIE AMESt
o Z% sk, 0.22xm FEE ol§ste] A AHE FHAoH, AT At
FEEY ¥5E 40mg/mLE A3t oebE FEES A XSG FET vE
ZE2 A8 A7HA F%5 WE 3 (deep freezer) oA —20CE B #algoh

W dgH & F&E

ZFENE sty G2 AFEd THS 100mLE 7F8te] sk ok Aol F
=3 %, 0.22,m FHE ol&sto] A HYUE F¥st, AW AYE B FEEY

5 40mg/mLE ZHe] & FEES AZIAAL 58 B FEES AN AL
A F4 Y% YA (deep freezer) oA —20C=E ®R#3skqth

FEES 782 317 & 1] ek

(3) 4ot £YEY Az

Oh At £YEY Az

AN FER EAG Ao BAE 150z AR B FFE FOR 41
2 EEE ERE 3, 80% AT 1,500mLE Thate]
22EoE JROM, 232N AHE o] 83jo] ofnFoRH, 2FFele ofay

= = [ I~ =] = o [ 2~ 30 =]
ARE wde ARES FEHYL, w AFES AxAS SISt
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(Harborne JB. 1998).

Az9 w4k AFBo| oeobHolE 100mLE 7stn FETEE e Fol,
Sistatel olgloplEolE FAB(RYE D7 AR wae) AREL F5AY. 5

53 23 Aies AFA Fel, 7] AERAR ZFECl 100 T & 100mLE

3, oF 40 CTE WZA 2 Fof, 2M 34k 7hste] pHE pH 32.% X433tk pH
=

Wl 100mLE 7tetar 23] FE2AHE F3T Fo, F71E EREEF 100mLE 7}a}

ZREEE} Ue R0 RIRS FEHL ¢S AF £EA5S 998
NA AxF F, AZZO) e 100mLE Jhehn FEAAL FaAste] dge 23

3
£ 40mg/mLE zH3on, 55 243 FHE2 A A w5 9

% YA (deep freezer) oA —20C=Z B A3}

o
1o
off

1
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. Ao FE2F 9 EYE 4 A

(1) e F=84 43 o4

Ch FH8E AF 0

Azxg <dad FE2= B EEEC dsto], FdalA &4 (Agar  diffusion
method) % HAAAEEMIC)E ol&sto] Ad2 Al Zor=z} AEvt
oF(Prevotella  intermedia)$}  AFHE Al EIRRUA 7EHEA
(Porphyromonas gingivalis) | o3t &84S FHs9 ot 24382 NCCLS Guide

Line M11-A6°l &3t A3t

Y

(Wb AR g5 Wi WA

A7) Zgrder Jejvtoel 75+ nAAEAAAIE (Korean Collection for Type
Culture, Daejeon, Korea)ollA] #9Fsl= Prevotella intermedia 25611 KCTCE A}
£33, TRREUA 0718 A #FE Achigakuin University Graduate School
of dentistry (Nagoya, Japan) oA 252438 3o A 2]t =3
Porphyromonas gingivalis 3818 &4&ol AFE3IGltE F+ #5& EF 37CE /4
H ¥7]4 31 (Anaerobic chamber) ¢! Bactron IV Chamber (SHELLAB, USA) A
wjFatalon, vlgks et F7120E 5% COz 10% Hz, ¥ 85% NoE A3 2L
ik A= at7] 2439 miAE ARE-sEl Tk

o HjFul#] ] Z/d @ Tryptic Soy Agar (TSA, Difco Laboratories, USA) with
5% defibrinated Sheep Blood +5.0 mg/L (final) hemin (H5533, Sigma Chemical
Co. USA) solution +1.0 mg/L (final) menadione (M5625, Sigma Chemical Co.
USA) solution.

\j
(paper disk) & AHg-3to] H¥u]= b ow F3&gict. &

FHYS FAHIEA Aste) FEF L BB FHE Fo| AAF oY

o Hola, FEE T 2dE 9L 47 8mm, F/ 1.5mm9 Fo] viA

E Zt WY, Prevotella intermedia 256113  Porphyromonas gingivalis 381°]
L% Trypticase Soy Agar H¥uiAol &2] F1, 714 HCR 37TCelA 484
7b wjekate] HdujA] g AT FudA Y FHS Fol tA (paper
disk) FHel Fdd 43 &5 AX3e A7 (mm F)E FA3t v WHe

2 $qs9a, BE AP SHH0R 38 B

=
T ooleE Eele] ®EE)ol] diste], AMIAIFd A E (Broth Microdilution
Susceptibility Tests)'H-& o]&3t] A7) A= =, Ao F25 4 #d29 555
284 23] A (two—fold serial dilution)3bdA A7) A|59] FHA % (Minimum
Inhibitory Concentration, MIC) & Z74dt= WHOR X219 A1l Zyn e}
AEHlt) ot (Prevotella intermedia) ¥ AF9e @l EIREUA 7P A
(Porphyromonas gingivalis) ol ti$t &84 @ JLAA LS S8tk A

A7eA AFMLE NCCLS Guide Line M11-A6S 3833t (National Committee

2
X

for Clinical Laboratory Standards, Methods for antimicrobial susceptibility
testing of anaerobic bacteria; Approved Standard. NCCLS Document M11—A6.
Villanova, Pa, NCCLS(2004)). HAAAsEE F47] 9% ANses FE25 9 &
e diete] Fat oA E FAE Foll, H FE Smg/mLeld HA 9.76

g/mLol °]2%= 10% DMSO (dimethyl sulfoxide, Sigma, USA) A#2d4E &)
B ARget] dAA o R 2ufy A& BAete] Azt Y, Y AddF gl
HElg} Eutiolel E9RREUA 17 A0 i o Y] dFE B3I
71 43&ll, defibrinated Sheep Blood(5%), hemin (5.0 gL/L), menadione (1.0

gt

Eis

u!
°
I

u
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mg/L)E 7} Tryptic Soy GAMIA|olA]  24A17F F dwieFeta, Wtk
(Mcfarland) 0.5% BE2 ZAd Fo A7 #59 MESF7F o 1x10° CFU/mL7}

HES fAoel 47 AAWAZ olgdtel HMstel FulsArh ATEesh o

o

1x10° CFUmL7t #HE% 8% o )

plate (Falcon, USA) 2] 7} welloll 100 xLE Y, A7) 2u% A4 3 X35k A x5+
AEE AEE 7 wellell 100 LA H7Fstth welle] 3 & blankZ A

AV uiAE FdetA o, xR AR gAl AAAE 100 LY 2o AEE

4718k &, 37C9 27l ¥714 ®ieF’] (anaerobic incubator) & ©]g3Fe] 27

96—well U-form micro

o

ket & o] AR AxE &<k W =¥ v (Inverted microscope TMS, Nikon)
o7 #FE] HAAAFEMIC)E AAsIF L, BE AP SHH0F 33 HHES)
Stk

o A= 9 FFEd FAxA &9
1) deAzre FFEE BA
Oh 43 2YE9 &

2 9]

0%
),
2
m)
N
N
i
r&
>
o
Au)
ol
ol
N
=)
Sl
o
A
k=)
T
Py
Hr
oy
il
o
=)
)
o2
tlo
e
o,
ol
ol
K
4
o
o

(b Sephadex LH—20 gel chromatographyZ ©] &% A
FREIE BIE(EIYE DS sephadex LH-20 gel column(25—100 L,
i.d. X 90cm)olA methanolg /& A}E3}o] -F% 1mL/mino

m
2 £Z39h Void volume 110mLe]lal 10mL# % 2070 falcon tubeo] HolA

(th TLCE °]&-3 AA
C18 alluminum plate (5cm X 10cm) 2 o] g-3}od Thin—Layer
Chromatography (TLC) S 433} th ANEHE 37 (polarity) ol u}2}

acetonitrile (polarity 6.2), ethanol(polarity 5.2), methanol(polarity 5.1), ethyl
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acetate (polarity 4.4), chloroform (polarity 4.1), iso—propanol (polarity 3.9)= A}
£3}90 3 sephadex ®8ES spottingdle] Rf(retention factor) ke #T#algith Rf
= &40l o] AYDMDE &ri7t o5 72 (D2) 2 v Fo = it

Rf = D1/ D2

(2 HPLCE o|&% B4l

ggol A BEFS ol Cig column(10 mm id. X 25cm) (Alltima Cis 5u
column, USA)< o] 83}e] HPLC (Waters™ Delta 600 Prep 150mL)& A A3+l t}.
4.0mL/min® F%°lA 95% Acetonitriles S&wW=Z UV 197nmell4] monitoringd}
HAl A e 2719 Ed S14-2(9.5mg), S14-3(9.7mg)& 7+7} &3kt

(2) Aot =ve 45D A9

(Vb ESI-MSE o|&% &A% &4

Autgfelx Eest Pt EAE rEsty] f1E ESI-MSE olgste] EAFEE 24
SkATh AL k7] 23T A (KBSI, KOLAS = Al FAAI G713 o 2] sk
7] gt Ad G A0] £47]7]+= LC QDECA XP (Thermo Finnigan)©]al ¥4 ZA
o &3 #t}. Ionization sourcei= ESI(electrospray ionization)©]il Polarity:

Positive, Negative©]™ Analyze type= Ion trap analyzer®|t}. Z12]1 Mass range
£ 250 ~ 2000 m/z®]3 Scan mode: MS%it}.

(W) F#EZA 2 methyl esterdt
g, A" F4 EZS isocraticl @ F53% T =23 methyl ester3AH

t}. methyl estersli Algtddtn Aty e d AFEAAE ] o Fstgth. B4 24
A FaEA S14-29F S14-39] 1/2%F] 12% BF3/MeOH £ 2mLS 7}stal
100ColA 10%3F 7193k methyl esterd3t 3kttt 7)o ¥3}2d4 5mLS 7}8+
3, ©o]ojA iso—octane 1mL= 7}sle] Z EE59 methyl ester FEAE
iso—octane SO Z o]PA|Z T} [so—octane T WE FEdto] i 7]HF shollA

%3 t}3 hexnae 1mL €407 ZA3F (& 2], 2007).

tlo

off

(*h GC/MSE o] &% B4 £4

methyl ester3}t¥ &++E2S Gas Chromatography/Mass Spectrometers 3733}
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o] A EAskTh B4 @572 33tA T4 (KBSI, KOLAS SAIFAA 7
2= 33l ok AFg-H 7N A= GC/MSD(5975C, Agillent) ©] 2L column<
HP-5MS (30m X 250m < 0.25/m), flow ratei= 1 mL/min, carrier gast helium,
injection volumn 1 gf, split ratio 20:1, oven temperature= 80Co]4 2% hold,
L/E 300=7HA 29 oA A8 24§, A Ed Y ARAFERT
holB el g searchE E3 2ol A#HE nlwste] dXats HAE Fxo s 4F

/44 £4e s

715 ARAE FAE) Y 38t 73 B4 AL HE WHoR EAEE 24 A
AE4e 1 mg/mLyY &2 ZHESL MeODOl = F, FT-NMR (Fourier
Transform Nuclear Magnetic Resonance Spectrometer, F#lo] W3 7|3
47|, JEOL(Japan), JNM ECP-400)< &3 Fx 43l =&, DEPT,
'H-'H COSY, HMQC, HMBCS} 22 o2 7k4 NMR 71¥& ol &3] F 3¢z
"H-NMR# C-NMR®] signal5& §743+3lch

b 4 A ED €237
Adute] FEEAQL S14-29 S14-39] =S A8 715 2 methanol &
mje] =S HPLCR #AeRith 71EE4d3

S
A F3olM £ 8k chromatograme A& F- %W 25 o] &ato] Hla, 2433t

2 ot 2iE AAE A EAY FHEA

(1) H2AAFTE=MIC) & ol &3 F78A

(P Sephadex #3ES] FA84

oty oetE FEEFE Sephadex LH—20 gel chromatographyZ %3& 10mL
A F 20798 =8 TEESS S1~S200.% Wyskgicth. S1~S209]
D2 AFAH, Aol i HAaAATE=MIO = F4531H

() HPLC #£3&9] 3784
Sephadex 8 EZHE HAAAFEZMIC) 7| & &4 £3vkS Tof HPLCE %

& AAstdtr. HPLC A1 A3 3709 HW<l peakE 18R 1L o]59 HLAA L
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MIO) & S48t 71 &d840] £ peaks AH 8}

(v} Standard B39 FFEA

duty FEEA AlFete] RIS AH 22 52 S14-29 S14-39] FF
Aol 7 Holuths A EAgI. S14-29 FxE A $ A3} Stearidonic
acid[SA;  moroctic  acid; (62,9Z,12Z,15Z) octadecatetraenoic  acid; A
6,9,12,15—0octadecatetraenoic acid; all—cis—6,9,12,15—octadecatetraenoic acid]
2 ¥ EAUosé Luis Guil-Guerrero et, al., 2007). Stearidonic acid® carbon
chaing 1878 7FA1aL 93l acyl chainell 4782 o]F4ddte s FAY -3 EX3}X
Wik (polyunsaturated fatty acid) &2 FEAES 276.40]31 w5 —57TCo|th
S14—-32 GC-MS #24 A3} 9,12,15—octadecatrienoic acid; gamma—linolenic
acid®  TFEEHUAT FAFE 278.230]1 BEAHLS 230~232Colth. 7|l
stearidonic acid(49509—1mL, analytical standard, fluka, sigma—aldrich)2}
gamma—linolenic acid(L2378—-100mg, sigma—aldrich) 2] &#&AS vlwslr] 93l
HAAAFEMIO) & FH k3T

&) 2 9 Ay Fa8A

Stearidonic acid$} Z2 EX A WAbel= Cis PUFAQI ALA (e —linolenic acid,
18:3n—3) ¢} LA(linoleic acid, 18:2n=6)7} 13 o]52 A5 Aitolety =dTh
EIAHAL A F FHE SFHEY 0-3 ALY 0 -6 APAFS R UE
w—3 AWAtelli= ALA(e—linolenic acid, 18:3n—3), SA(stearidonic acid,
18:4n—3), EPA (eicosapentaenoic acid, 20:5n—3), DHA (docosahexaenoic acid,
22:6n—3)7F A3 w—6 APAkeE= LA(inoleic acid, 18:2n—6), GLA(y —linolenic
acid, 18:3n—6), dihomo GLA(DGLA, 20:3n—6), AA(arachidonic acid, 20:4n—6)
7} 3tk (José Luis Guil—Guerrero et, al., 2010). wehr, o] BX 3| PAtel o gt
TS vusk] A H2AATE=MIOE A8t

A 2A AFHES doy= dAdel= HEAQ P, ointermedia®t P. gingivalis 2
o = 36 oA e} Zo] thekst o] gt webA, ol el tisl SAS GLAYY ddE

S0l QEAE FH5) A A2AAFEMOE S5k
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Table 6. Bacterial strains and culture conditions used.

. . . Culture NCCLS
Bacterium Strains Culture media . L
conditions Guideline
Aggregatibacter KCTC Brucella broth + 3% 37T, 72h, M11-AG
actinomycetemcomitans 3698 horse serum anaerobic conditions
KCTC 37T, 48h,
Candida albicans RPMI 1640 medium M27-A2
17485 aerobic conditions
37T, 72h,
Fusobacterium nucleatum KCTC
Schaedler broth microaerobic M11-A6
subsp. vincenti 5105 .
conditions
Tryptic soy agar + 5%
.. KCTC  sheep blood + 5xg/mL 377, 48h,
Porphyromonas gingivalis . . . M11-A6
381 hemin + 1 pxg/mL anaerobic conditions
menadione
Tryptic soy agar + 5%
KCTC sheep blood + 5 xg/mL 37T, 48h,
Prevotella intermedia M11-A6
25611 hemin + 1 pxg/mL anaerobic conditions
menadione
KCTC BHI broth + 3% horse 37T, 24h,
Streptococcus mutans M7-A6
3065 serum aerobic conditions

(2) #Fo] tAZ(paper disk) & °] L3 FFEA
(P Standard &R FFEA
Stearidonic acid®} gamma-—linolenic acidE T3l Fo] tjA= (paper disk) &

ol FTUYS FASAL

(Wb 2 9 Ay ga8Ad

w—3 A®Atell= ALA(e —linolenic acid, 18:3n—3), SA(stearidonic acid,
18:4n—3), EPA (eicosapentaenoic acid, 20:5n—3), DHA (docosahexaenoic acid,
22:6n—3)7F 913 w—6 AWt LA (linoleic acid, 18:2n—6), GLA(y —linolenic
acid, 18:3n—6), dihomo GLA(DGLA, 20:3n—6), AA(arachidonic acid, 20:4n—6)
7F ek mEA, o]l 5 EXIAUARS F-Ydste] Fo] YA (paper disk)E o] &3 &
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2. A Fo S B o] QA
7} ZrolddE A% ME AZ
(1) 939 FE& A=
olagtg) EF 100go] F4 (fermentation ethanol, 95%< %, $&F4 (F) oA T+

600mLE Yol 26CAA 170rpmS.&E 2A]7F F<F shaking incubatoroA] %38}

o FEES filter paper No.2) & ©J¥} & evaporatorg AFg-3t] 53kt o]
st FEAYE 3 WHESIY] FEES FF5A1Z F 100mg/mLe sEE 345}

millipore membrane filter (0.2um) £ glass FAH1E AFE3Fe] o] 13}t

(2) 938 Sephadex EYE A=z
g} FEE9 drdd s FRIA7]7] 213l lipophilic
Sephadex (LH20100—100g, sigma—aldrich) & %23} gel chromatographyy< <

Watol A HAe BN AD RHEE Az

z&z
d

A3 TE column(pyrex, 25
X 1000mm, 24/40 size) & °]§3ta A3 FFE(100mg/mL) 6mLE loading
sto] flow rate lmL/min®=® FFH}th olw A7l ethanol (HEF7A) ol
void volume< 113mLo|¢ltt. &L 10mLy +F 381 HES FE-1(FE+
fermentation ethanol®] °Fzh)oletal WH3Iqlct. MES FE-191A FE-207H4] %
20705 BAHAL o] T FTEYES UE= &2 FE-10~FE-15% ¥ 60mLe]
Atk =, void volume 113mL3} @] vehtA ke BES A &9 4
E7k HS5se] ol AF BER ARSIt Sephadex 8 &9 F&(vield) &
outg) ¢ thB] 0.024% %t} Sephadex #EES evaporators o] €3] 7=
A7l % 100mg/mLE 3]AA17]31 millypore membrane filter (0.2 2m)E A}F&-3}o]

filterationdfto] 7ko]Qld A3 el AFE-3tSltt.

<

o

f

(3) olgdE AT AAFE Ax

ol et A A 200mL A <] Alepgel ol ARE-EFGITh. THo] Q) de] A
E §57t b2, & FAE AT AolEE Ak Tk 3ol e AL AHEES
t}. Ado] AlEE sephadex ¥&E 100mg/mLS 3mL 713t
A7t HF AAF FE7F 1.5mg/mLe] HEE AZsgict. ddddAEe] 7es

& AHUE &S Hrisid e AP E A (IR TE www.saessakmart.co.kr)

izl
o
2
B
©
=
3
o
o
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3ule H7Fesith

@) Tl QFE AT AAEY FFRY
FFBYS A7) AANA a5H AP ol gl AP,

2AAFEMIC) A8S FP3)rt.

B
N
o2
4
=
)
ot
i

(5) ANAFY F4 £4

Qi) F4 FEEYL AgGUs FE2E Y 7tE A AAFY #H3EE A8 F
Zg 3=, chlorophyll a, b, & AWt $HF 2 #&5 HA 83

Oh F Eg9E $=HEY
F HE 3¢ELS Folin—Denis o ®E =439tk (Dural, B. et al, 2001). A&
ImLel 95% ethanol 1mLe} FF5 5mLS #7}8lal, 1IN Folin—ciocalteu reagent

0.5mLE ¥ol 4ol thw, 5wt WA ¥, 5% NaCos lmLE 7Ht F, F3%

725nmelA S48t S gallic acide® ZAA3E FFEFAE o] g3lo] S
AXSFATHAAYG et al, 2009).

(b Chlorophyll a & b

F22F a9 b9 dFE ME G2 oM FFEE SHs Y A digls)

of ®ASYLh AEE N3] 663nmst 646nmel A 77 5%
AT

0_1.4

Hate] otdlel 2ol 7

Total chlorophyll (mg 17")=17.3As15+7.18Ass3
Chlorophyll a(mgl™)=12.21As635-2.81As4s
Chlorophyll b(mgl ™) =20.13A646-5.03Ass3

(th F AW F3EH

8 FHol 100uL Z%H<(reference tube), 100uL A]&E HEi+ 100uL olive

oil(standard)S ethanolell o] FnH]sk3ict. Z4zte] FHe] 2mLel #HAHACS
reagent grade)S Yil 90T water bathollA 1087 WFSA|ZTH 5&7F 43 5

5ml®] phosphoric acid—vanillin reagentE % 7}sle] 37C water bathelA 15%7%

g

-~

Wk A Z T} phosphoric acid—vanillin reagent® 0.120g9] vanillin®] 20mL%] &/

m
i

45 Y1 85% phosphoric acidZ 100mL& o] #A|Zs¢th FreE Ay &
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10#3F 2% & 530nmollA] SFEE 5%

0_1.4

) 8 A =24 9 FFEY

Stearidonic acidg 233t 8 AWt 38F 2 7EHA

stk At Aok F3 FEEolw Al
A s,

. ZHl QAR AT A

AT, Izard et al, 2003).

ERCIESHER
qELA AL 23] GOz

¥ AT 20099 59 145 20099 8431U47kA 2 St A H Ao

it 19-45419 PUee ddes YAk AP
(11, 16, 26, 31, 36, 46¥ Hoh e Z|o}7} H#x] ] #|
oLoL—, §}1.—_Ao% A FH oL} thaA] z]o].ouzo] A=

ool FAAE Fol B o] glom, AFEA I AFel thaf F

AHor Eol=E 3 2 A

ooy, 11 F 2982 AFET 2kl 55

E. linza extract X YA 2] 2H|
Ao & £AYRE NS WA 39 e

i E. linza extract %FA 9 W Z 318t

[

Table 7. Distributions of the subjects

5

Z A

LAY

orol

gNES A9

Characteristics listerine® E. linza
Total subjects 18 35
Male N(%) 11(61) 14(40)
Female N(%) 7(31) 22(60)
Mean age 24 25
Age range 21-34 21-29

o ZHAAAE AT AA
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TGN Aol PINFATRIAL FHAAGE FFS AL 7] 9A5H]
AT/NEL GA ABSL odE Aok A& 2w AL P WEHE FA @

ek TR A AL AFAIY A S E. linza extract ©] EEE FAFAE A

EE aHACgOS ol AFA0mDE Dold 183k o] wFowA $ES
BAY FORE WHOR S 28 (oF), A9 AEAF 24700] Aa Fol AP
AL SolTh AHg T 1087 ke BE P74 23 stol APAY ARE

PEAPHAE X 73 Po] B 53] WA WAHYULh 0FA 1313 A=A
SAEE Aol ATIFANE 9
B PR NS AHESHES ANSATE 174 2834 27 384, 4T 4

N
B
%
M
BN
>
o
2
oy
N
&
o
~
>
i
o
o
N
rlo
r&

AAAANA QEAFAAG} AFIBAANE QT THEA AL AHGHES AAe
Atk AFARE 6FATNA 257ke TAEAN ALES FRAEE STk 6FA
A 5HAAALE QARG AFABAAE Bt

Table 8. Study design

0 Weeks 1 Weeks 2 Weeks 3 Weeks 4Weeks 6 Weeks

1st check(baseline) 2nd check 3rd check No check 4th check 5th check
(experiment) E. linza gargling ——————————"——"—————————— —
(control) listerine® gargling——————————=—————————————————— —

3. zbolgla A% AR
(1) Plague Index

2] A A g2 1 Fo] Turesky(1970)7F &3t Quigley 2} Hein®] A
wAlEeE Ay 71Eel wet, 2 APodake) 11, 31, 16, 26, 36, 46W Aot FH S

Ads 747 24 4y FEAEeR sk 670 ¥-9E ST 1 FH id

=)
AWAFEA S 2h 29 S A AR FAFRE Lhrel gt

rr
7=
:J_
i
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Table 9. Criteria for plaque index

Plaque Index (Loe & Silness)

0 No plaque

1 Seperate flecks of plaque at the cervical margin of the tooth
A thin continuous band of plaque (up to 1 mm) at the

cervical margin of the tooth
A band of plaque wider than 1mm but covering less than 1/3

of the crown of the tooth

(2) Gingival Index

AThAAY A&d FEe F 99 Zo] Loe & Silness (19779 A-EHH 7]
Fol webA, zF Ao 11, 31, 16, 26, 36, 46W X0} A HedS 7t
b 24 A4 FAAeAo R FRE 67 #AE SAsth 2 F A9 x29A
FE 2 5l SR §AE AR obEF R Yol FEkgith

Table 10. Criteria for gingival index

Gingival Index (Loe & Silness)

Normal gingiva
Mild inflammation, slight change in color, slight edema

Moderate inflammation, redness, edema, and glazing

w N~ O

Severe inflammation, marked redness and edema, ulcerations

(3) Bleeding on proving

ANEAAFHAEE E 107 7o) Saxer and Muhlemann(1975) 2 X7+&dA 4
715l u}g} periodontal prove® 11, 31, 16, 26, 36, 46W 2|o}o] &4, A4, 45

Wel Red e 2500 O YA F 3027 Ak Frskdw 1 A A

AREAATE 7 0 S GAS GRS o] ekt

1o
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Table 11. Criteria for bleeding on probing

bleeding on proving (Saxer & Muhlemann)

0  No bleeding

1 93T A4Ee] Hol: 4

2 Adoem E¥o] e A

3 AAE FHe 288 Kol AF
4 ARRTF Al Fdo] Bty A5

(4) P. gingivalis @ P. intermedia 9 &3

(7P Subgingival plaque 3

ASAAHE FRe7] A ADAY] TS AR v, Aok SAdd T
2 FAEFANZATANA AEAFAES AFSFAT. AEAFS AP Loest
Holm—Pedersone] AFgh WS ARS8ttt ¢4 Hat®  Absorbent Paper Point
(#40 Meta biomed Co., LTD)E 29 HA A=5S f8iA AFduel k1t
AF7E =2 w7bA] AedTel ASlEke] 3

Foll A paper pointE AASF Y. 1 F ¥ 0.2ml phosphate—buffered saline
(PBS pH 7.4)°] E°1%l= 1ml tubeoll A8t A5l Fol3l= ofo]iuiie] mt
3telth. 2 ¥ DNA F&& & 284 A =70Cel R#EATE (Loe
H., & Holm—Pederson P. 1965)

0% §t ATFolo] AMEES B F A

= 1

bt
ol
ne
=2
o

(4} real time PCRY A3
ANPAZRE] A THE 2712 1mle) PBS buffere] B %, DNAS

Atk 1 WS intronAle] G—spin genomic DNA extraction kitell 2]8f 3

m

B
e
_O'L

e
ol
32
o

W, F%3%F DNAE ©|§3to] real time PCRE 3tk 54 Wl A5t Al
Zo|| P. gingivalist¥ P. intermedia®) primer §97144-& ¥ 113 2t}

N
%
Ho
=]

Table 12. Oligonucleotide primers and probes used for Real—Time PCR

sense antisense

p. gingivalis AGGCAGCTTGCCATACTGCG  ACTGTTAGCAACTACCGATG
p. intermedia  GTTGTGAAATTTAGGTGCTC CAGGGTATCTAATCCTGTTC
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¥ %o

template DNA 1ul, Z18]3 3% "4 3ulE H7iste] HE &3] 12u7t A 3
Atk 72 welle] £53F9] Rotor—Gene 3000 real time Thermal cyclerE ©]-&3}
o] FRAELAMNEES AW o] W A8 real time PCRE X2 Hx WA
= 9l 95CelA 1583k, olF 45We] FFaAAME cycle 96ColA 10%,
45TColA  16%, 75TelA 15%3F Adsigien, dHeolg #242  Rotor—Gene

sense primer?} antisense primerES Z+Z} lul, cyber—green 6ul,

analysis software version 6.0 ©] &3¢t}
o] W AHg-H Az 71TE oI ZTh
@ PBS buffer (Giboco),
© Genomic DNA extraction kit (G—spin for bacterial, intron 17121),
© real time PCR (Rotor—Gene 3000, Corbett),

® cyber—green (Qiagen)

% 559l WHRon, 1 F FUe B AAYe] BYUsA Folstel A91A
53gwel ARE PPl FATE WIANHel FARE 5399 PERIE X 129
ol ool 53%= Aol HIshA otk Bk, AWTHE 19-2447F 68%F X3}

19—
s 12 A theteld ] sty s Thsh
T Y e 133 o] FAES 22%°]11, dY FAA 3= 337} 7
T ouskt Bd FAREEECR AA(15%) H N=RA14%) 5 7P Bol ARES

a2 Ale AIhAE 81%7F F-A47|H 0% ofF wiwk o] &St a, FIH R ~AY
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Table 13. Participant's general demographics

Table 14. Participant's dental demographics

9 4= (n=53) M-8 (%)
A 25 47
o1/ 28 53
A
19-24A 36 68
25-294] 15 28
30-344] 2 4
AT
u & 52 98
7% 1 2
#HFey
ofj &4 & 41 77
ofj &9 A 8t 12 23
— 54 —

A4 H W (n=53) W5 (%)
A FAA} 6 11
HAZFAR} 6 11
Azt 41 77

PSR
4 13 2 4
dd 23] 22 42
dd 33 29 55

T8 EE
7= A 7 13
2| A 7 13
SR = 9
N+ 34 65

A7 A
6784 3 6
1d 7 13
AN AR 14 26
oA Ud 29 55

A718 Q1 A~
ks 5 9
QhikS 48 91
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3. 4ug A EA9 A A+ S, A7 8 mme daE paper disk (ADVANTEC, Toyo Roshi Kaisha, Ltd.,

7t FRAZALAE FHE AF 27X Japan) & F@uiA o] mdo] WAAZ Ay FAH FEES 50 paper diskel
(D) AAFE A2 HAAsta 37 T2 A9 87143 e’ (5% CO2, 10% H2, ¥ 85% N2)olA] ik
b FSHZA AAF AL shiA AR £ 37 (mm E it S ST BE AEL 5940
dutg=HE Eed dadd £ ol &ste] TEAFAE LT Aol AlFel 2 33 wEssich
dE T Qe FEYFACNE EFYor FopAeke] Jlawn FFELEAESY] YA
gl&o] Stk FEAFA L Fulvh st Alee Aleks WA koA TS HA (W) X AAFS] FHEA
Al & 4= Stk AellA diEEolA BHs) =Hol gl 17] ofolylor}, A oF AAFY] FaddE Fdstr] 9, X ok wlola T v 42 1%, 2%, 4%
o Ao FH FEFES HME A AAF dAe) FHFDEYE FEA FaEs
(W) X AAE AL o] g-3to] FA3Gth. FAHE A w5 T REet e wtjole} EFZ HUFA
@ Ak Hlo]A Az Z17)%e] 2% NCCLS Guide Line M11-A6°] F3ato] A&s3ich. 2t ¢& #awx
2 oF AAIFE A 8 1YL GF)ZRE Aok wlo]AE AlFWRTE Ak AlA of =¥ HFE vha, ©7% 8 mme| Hie paper disk (ADVANTEC, Toyo Roshi
F2 AoF ol T oiv] Aduk = FEES A7 1%, 2% B3 4%7) HES Kaisha, Ltd., Japan) & H3wjx9] mde] WA ddd) F4 FE2E25 T3
Eato] Azt ZoF AHE 50 wA AAska 37 T2 HA€ @74 ¥ (5% CO2, 10% H2, 4
@ 43ty F3 F2E Az 85% N2)o|A wikatdr A F98 /) (mmE T S4& ST =
QuefrRE  FEd  FadAd Bl EXSAWAL stearidonic  acid$} EANYE 537H o7 33 wEEIT
gamma=—linolenic acid® F&3}7] 93] W& T4 (fermentation ethanol, 95%, %€
FAE)N S olgatdrt. dxty F¢ 100gT ¥ 1LE ¥1 170~180 rpm9 o A FHED FH AAFY EEsEE 54 g3
shaking incubatorell ] 8} &t F&3I3th. FEE2 o Fste], F5T odE A% Al AES Eesehd S-S gelshy] fdl pH, A% ¥ ZEE (Refractive Index)
SE7E ARRSE] A9t wF5ka, 0.22pxm BEE o] &3] A AeE FHsRS 9 Mg FAs Ay FHdY Edo] FEHEE FRE XAAFEY pHE
), At A FEES FAHOE FIskh 25CeA Bk w5 Xk AAFS THTE 104 343te] 4Rt Asds
® =784 pH meter (SevenEasy pH S—20K, Mettler—Toledo GmbH, Switzerland) & A}&3}
Ay 2 HE FEd Fudd B4 xS HPLCE w48t dute 3 o] =439ty A E Brookfield(DV—1I+Pro, USA)AFS] HEAS AF&sle] 25C
FEES SA, GLASF 22 zAstolA £43taL At 3 & peak?] %WAS o]§3k oA AW E(spindle) No. S94(T—bar;D)E 4 rpmeollA 187 =459t 245
of A 8ksit 44 (ABBE Refactometer DR—A1, ATAGO CO., LTD. Japan) & AFg-3lo] 25T
oM SAstdh 2ok M xokgde] MaA (Milnolta CR—200, Japan) S A&
U dad F4EFD FH AAES Fd &5 B 3o W= (lightness, L), Z A% (redness, a), A% (yellowness, b)E 33| #tE &
(1) Fel Y& (paper disk) & ©| 88 34 84 Aake] BEghow eI oW ®E Wke] Lk 90.72, agt —1.07, bk 5.56%
Oh #3 FEE9 do8A NFEow =43

Aty F4 FEES 10mg/ml, 20mg/ml, 40mg/ml & FEF A X3t} syringe
7 =

filterS ©]&38to] filtering®t F Aol ARGt Z g5 FaAo] =2 FHET 2}, Pilot & A4 QAT
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D) 493 #4 F2& A= 3% 7F Thed Abol=R AE FeEE ¢ vk wWeEbA, 0.14 4m filterE settingshe]

et dag RSl 58 AARAN, 57 WEFG A548 B =4 FEEEZFH ALE Ldst] g AAssid

T

sto] T/ Aaket s Bt F, 2 = =
95k oo w A Ao FiF, AR, AE AE, JoE, ¥E, dxds, IAE
T ThFek Fokell A ARRE F 9l Tt

vty 2 HEFAS ol&dte] Ay FH FEE=S dF Axsrh ol o
¥ Z22~39 ¥ shaking incubator RO A7} 7hEsigith WA Adsbe 2
500g< &7l g1 F4& date] B#e] 9-10wl 4.5-5LF @i FEI}UT. F
EZAL 2% 18-20T, 175—180rpmeollA shakingdld A overnight3}dtt. FEE

= o], F53 oNE AT RVIE AMESte] Y wH9kaL, 0.22xm FEHE

I

Fig. 1. U/F M/F Ceramic Laboratory Test Kit

% 19 TAMI Valisette kit¥ solution®] Separation, Concentration,
Decolorization S= & < 9+& lab system©]t}. Ceramic system< inorganic
membrane 2.2 AHFA 2l Organic membrane¥ @] &%, 4%, TMP, ph, cleaning
solution ol 73l TFF(Tangentioal flow filtration) 4] © % Membrane A<

Ealo] A7) AFE & 4 9tk 0.14 #m microfiltrationS Fat removal from whey
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A2d d7UHE A3Ad T2

1. QA=RE TRA% 24 AR 1 QA2 RE TAAZ 24 AL
- ddgle) FREA F227 2 7} Avele) B7ED 222D I
- ostd 25E W g0 FIFRY 1) QoA FFED F% 22
— dsele) gREd JAxA 2 b Ao dge 22E U & F2E AZ

Z Az 21& 3330

— ZroldAS $I% AE Ax
) ) MEo| A= 22
- Ol Y AT
— ZFO|QIGAIY AT A I
- 7oA ASA}
RS
_ _ I .
3. dste) FFEAY As o | E&= 1 ] i
- FRRRRAT B AE 2 = 2 = =
- aste) FEEA TH AAF FF @ Fh
- y
- Qe FEEA S AAE Belset 54 B9
T ) e ZE M e M
— Pilot % At 34N
S o) W=D
+8/4 22 oers ==

Fig. 2. The extraction method of the Enteromorpha linza
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(Wb 4 £YE9 A=

Qutele] BB 73 3o 7AW wiel 2L wWo g AMF AL IS 1

W Harborne(1998)9  &AA4E Eeiye &3kt
&

g 3° A=
(Harborne, J. B. Phytochemical Methods. 3rd ed. Chapman

jan)

302(1998)). refaL o o&E B = FEEd L28ed] F8& % A AL 8

158} 7t}
WEe 23 22 )
S-S0 BE £ 1102 52 ;
=20 LR
—— Bk g 22282
1 x2
AEsl) o Y 771 &i6) TEY &0
—— S2EEE-HEEE |
¥ i
3 00Eh) I 28 22156 | | +82 50
—Z%
i
—— — A —
24 | 2 gy

Fig. 3. The fractionation method of the Enteromorpha linza by Harborne, J. B.

Phytochemical Methods
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all, London, pp.

Table 15. Total weight and properties of the Enteromorpha linza extract and

fraction

extract and fraction type weight (g) properties color
Ethanol extract 6.2 liquid light green
Water extract 6.3 liquid dark green
Fraction I(water fraction) 5.0 H?UC,US dark green

liquid

Fraction II(ethyl acetate fraction) 0.6 liquid dark green
Fraction III(chloroform fraction) 4.4 liquid brown
Fraction IV (chloroform and ethanol fraction) 0.2 liquid brown
Fraction V (ethanol fraction) 10 liquid yellow

Y. A 228 9 EYEY F4EA

(1) o] YA F(paper disk) & o] &% F= BA

A& A1l Zen e ejriole] gt I D499 AAE 2% 4, 5
A a9 6ol YeERISIE, A Fighs i B g 7] E 160 TAsk e
w, tze] 9 vueE obFd A5 E AMEEHA] obudh dize] 13 FAAIR] Thitwlel]
2l (Kanamycin) & AH&eF nlae] 19 2299 Al =z r=e} e vr]ole] o
o et B4 AxE E 16° UEigith 87 Bell 714D A= Ad@e] 473
ANtz A7 8mme AV1E A (5 — 8mm)/2)°]th

a9 4 9 3% 59 % 16°] UERA wkep o], ol
mge F7HE Afolx I G4 Yehgdln

Q

e 1 L FEEY FYo] /e ©
o B PAE S4AAE 2o Yehiow, & 2589 49 @ B4l gk 2
o AT e 19 6 D £ 160] b wheh go], oluY B A

E : 2
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Table 16. The antimicrobial activity using the paper disk against Prevotella

intermedia
ethanol water . na—
fraction control
type extract (mg) extract (mg) 1 mycin
1 3 5 1 5 10 I 1T I v Vv 1
mean
1.8 1.8 2.0 0 0 0 0 1.3 23 40 O 0 0
(mm)
error
*0.3 £0.1 £0.2 - - - -  £0.15 £0.15 £0 - - -
(mm)

* All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.

Fig. 4. Paper disk of the ethanol extract against Prevotella intermedia

Fig. 5. Paper disk of the water extract against Prevotella intermedia
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I EEUA 72 g & 249 AdE a9 7, 8
WA 2 9o e AL, Adte] Eargke Ft B4 ghe® a7 % 17 Z1AEA
i, thzxe] 9 v e R obt R ARE ARESHA ol tixe] 29} AR Thmte]
Al(Kanamycin) & ZF tiAZ(disk) & 0.5mg AFE3F vlwe] 29 X512 @1+l
FI R RUA A71EE s E Pk GA S s E 17 YER I
at7] ol 71| A= AMEe] AAoNA tAAe A7 8mmel AVIE A9
#H((H43 - 8mm)/2) olth.

29 7 % a9 8% E 170) ek el 2o, Aste) FEES AF we FF
e 1 mgd A Lol S5 G S v, F280 g3l 37

e Row Fagrh wek 73 9 9@ E 17¢] JERH bk} o], dnt EHE9
A5, olEetMEHE FFEQ FEE [, FEEXFS T HWZE o83 2FE 11
1 FEZIEN B E FFS JIFoE 3

Vo A9 Fhdulol g ALg# Ml 20] MEANE S4e FEBYS Uehglon,
53] R3E Ve ue FEE0] vslE AAS 5% FHEYL el R
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Table 17. The antimicrobial activity using the paper disk against

Porphyromona gingivalis

ethanol water . kanam
fraction control

type extract (mg) extract(mg) 9 yein

1 3 5 1 5 10 I O m IV V 2

mean .1 924 28 0 0O 0 O 10 1.6 43 0 0 0
(mm)

oo 102 401 02 - - - - +01 02 +015 - - -
(mm)

* All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.

Fig. 7. Paper disk of the ethanol extract against Porphyromonas gingivalis

Fig. 8. Paper disk of the water extract against Porphyromonas gingivalis

_66_

Fig. 9. Paper disk of the fraction against Porphyromonas gingivalis

(2) H2AAEEWMIC)E o] &3 FFEA

Aol e HA4E HAAASEWMICO) 9] Hrgtez yeld Zy Eele} QIEjHto}
of digt Zt AN ES] HAAAF E 189 Yetiidly, HLAAEZ=WMIC) 9 Hatak
bl £ RUA 77 A gigt 74 AR HAAAEEE F 199 vE

ki
rlr
F

Table 18. The MIC value of the Enteromorpha linza extract against Prevotella

intermedia
ethanol extract fraction II fraction III fraction IV
MIC (£ g/ml) 1250 1250 625 625
MIC (%) 125.0 125.0 62.5 62.5

* All measurements were done triplicate, and values are average of three replication.
Differences were considered significant at p<0.05.
F,oE 190 ueERd uhel Po], Ty RUA Z17|EkE] Ao tig odolAHo|E
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19. The MIC value of the Enteromorpha Ilinza extract against

Table

Ch Qs BHEY SE

Porphyromona gingivalis

O &7 &9 +&

fraction II fraction III fraction IV

ethanol extract

o
ju' 7]

ju' 7]

156
15.6

312 156
15.6

31.2

1250
125.0

MIC ( 2 g/ml)

MIC (%)

* All measurements were done triplicate, and values are average of three replication.

Table 20. Yield of fraction isolated from the E. linza ethanol extract

Differences were considered significant at p<0.05.

Fraction

Fraction I Fraction Il Fraction IV Fraction V

Fraction 1

No.
weight (g)

Fol, 247 Fol T2AE of

5]

o H

od
o

1o

]

7}

1
Ho

A= Vo H2AA

o' 7]
ﬂ”

att]
o
o' 7]

0.6 4.4 0.2 10

5

21517 9koreh.

=

el A7t

6°

B

o

3.33 0.40 2.93 0.13 6.66

yield (%)

Jo] HjA] (agar plate)?d

I 2)
==

<}

e

23|

ol
i
o' 7]

-

of

ol
]
N

A7}

A3
=7

* All measurements were done triplicate, and values are average of three replication.
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Differences were considered significant at p<0.05.

® Sephadex LH—-20 gel chromatography ¥&E&9 +&

)& sephadex LH—20 gel chromatography Yo% %
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Table 21. Yield of sephadex fraction isolated from the Fraction II @ HPLC £ E9 +&

< S149) IwgAol
3

l_%;j
N peakE B& F AT 3709 peakell W F&2 3§17

Sephadex #&&

sephadex fraction No. weight (g) yield (%) 2 HPLC A4 A
S1 0.0617 4.11x107° o 4
S2 0.1067 7.11x107% e e
S3 0.2105 1.40x107"
S4 0.6487 £39%10°! Table 22. Yield of HPLC fraction isolated from the sephadex fraction S14
22 giii: ::;:8: HPLC fraction No. weight (g) yield (%)
o 04139 0755 10-! S14-1 0.0187 1.24x10°2
S8 0.3050 2.03%10°! S14-2 0.0339 2.26x107%
59 0.2467 164%10° S14-3 0.0292 1.94x107°
S10 0.2041 1.36x10° W) S14-1 0.0088 5.86x107°
S11 0.4582 3.05x107" %l S14-2 0.0095 6.33%x107"
S12 0.3987 2.66x 10" el S14-3 0.0097 6.47%x107"
S13 0.3465 2.31x107!
S14 0.1731 1.15% 107! * All measurements were done triplicate, and values are average of three
S15 0.0719 4.79% 102 replication. Differences were considered significant at p<0.05.
S16 0.0446 2.97x107%
S17 0.0342 2.28x107%
S18 0.0139 9.2x107°
S19 0.0098 6.5%107°
S20 0.0069 4.6x107°

* All measurements were done triplicate, and values are average of three

replication. Differences were considered significant at p<0.05.
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(W) Sephadex LH—20 gel chromatography& |83 &l

SEEIE BIAE(RIE M)S sephadex LH-20 gel chromatography< ©]-&
a A A s7) 2 103 o] FE Ao FFEo| Bty A uet Mz
HE ZEEo] #Eso] &3] Holds #FE F UGk 2EES 10mLY F53

o ¥ 20709 $HEL FEHA,

Fig. 10. Picture of the sephadex LH—20 gel chromatography
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(th TLCE ol&3% AA

Sephadex ®#&& o]g3ted TLCE AHF Ay 37] B 2344 Zo] £
w2 RIFES EASHATE 817] & 2490148k Zo] ANEH acetonitrilec|A] AFHEF
o] g7}t golghs wEskdch

Table 23. Purification used by TLC

Rf

elution solvent
acetonitrile(P6.2)  isopropanol (P3.9) chloroform(P4.1)

s—10 0.17/0.4/0.74 - -
s—11 0.19/0.39/0.73 - -

sample s—12 0.19/0.74 - -
s—13 0.19/0.24/0.76/0.87 0.47/0.73 0.11/0.69/0.76
s—14 0.26/0.77/0.87 0.73 0.11/0.19/0.67

* All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.

Table 24. Feature of Thin—layer chromatography (TLC)

A Ethyl i
solvert c.et.o Ethanol Methanol thy Chloroform 150
—nitrile Acetate —Propanol
polarity
5.8 5.2 5.1 4.4 4.1 3.9
index

Lw—vr-'xﬂvrvn -

TLC
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() HPLCE o] &% RA (2) d9H=zFe FHEL TH

Absorbance at 197/nm

x HEE F @40 e BEFE ol HPLCE o|&3l9 AAS i} S14 (b ESI-MSE o| &% &A% £4
UV/VIS spectrophotometer® 27138k A3} 197nmollA 332 FthF o] AutF oA Fald dF EHLS FHsr] 93 ESI-MSE o] g3t ExlES B4
HPLC chromatogram< at7] 19 113 23 <l peak 37E 217 & stk 19 120049k o] S14—29] Bx}EHE negative modeolA] 551.1 m/z &

FAHENT. o] F2 [2M-H]™ & S14-29 F A7t ME Zolfl= ZoR 4
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3.0 S I]
Siu-3
584.4
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Fig. 11. HPLC chromatogram of the S14 1034030 19992 (5041 ;151 oo
[0 4570 497.2 5485 |5732 lsa17, ”‘” i) 8105 3282 8630  907.0 JZ?Z 578.8
P R A A o '7611' 7§n TTelot T Telo” EaFEE "Tebo T ido

Fig. 12. ESI-MS data of the S14—2 sample analyzed by KBSI

(A) positive mode (B) negative mode
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(Wb GC/MSE

o] FAH £4

methyl ester3bdl S14-229} S14-39] AME&S GC/MSE #2413t A3} Stearidonic
acid®} 100%, gamma—linolenic acid®} 95% X 3tr}i=
sigma—aldrichell4] %% SA standardE® methyl esterdsle] GC/MSE

2 ~HEHY ol

=

ARE vad di $dd 2dolge deEs Fn

|

methyl ester3}slo] GC/MSZE #24]3lo] glolBeg] A& F3] GLAZ=

Atk SAS GC/MS AFEYLS 11 133 21 GLAS GC/MS AFEHLS TI¥

o} #oh

(A)

(B)

Fig.
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13. GC/MS chromatograms of the antimicrobial
substances analyzed by Korea basic science
institute (GC/MSD, 5975C Agillent).

(A) stearidonic acid, methyl ester(standard)

(B) S14-2
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Fig. 14. GC/MS chromatograms of the antimicrobial
substances analyzed by Korea basic science
institute (GC/MSD, 5975C Agillent).
(A) S14-3
(B) gamma—linolenic acid, methyl ester (standard)
() NMRE o] 4@ 7= £4
F1B QA FHE) 9 sety T2 BAe) AgHE PO FAFE FAT 4
A=EHE 1 mg/mLy FTEE ZZH3Z MeODol < ¥ FT-NMR Fourier

Transform Nuclear Magnetic Resonance Spectrometer, @] W3k 3x}7] 3
B27], JEOL(Japan), JNM ECP-400)< %3 % ®4sdd. =&, 'H-'H
COSY, HMQC, HMBC$ 22 o8] 7}x] NMR 71¥H& o] g3to] 3322 signald ¢
A3 L F2E F4%e] standard EA Y vlw 4% F EXE HWHEdnh
"H-NMR®] signalst th&at 21 2AEHLS &7] 28 150 vehhgith 1749
methyl proton & 0.965(3H, t, H-18) A WElstal, 8712 methylene protons
2 5 141(2H, m, H-4), ¢ 1.61(2H, m, H-3), § 2.10—-2.08(4H, m, H-5,
H-17), 6 2.27(2H, t, H-2), 6 2.83—2.81(6H, m, H-8, H-11, H-14), 181
871 ¢] methine proton signals< t=3 Zo] Yetgtt. 6 5.36—5.34(8H, m, H-6,
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H-7, H-9, H-10, H-12, H-13, H-15, H-16) ; carboxyl group?
proton(H-1)& § 4.899)4 E}skth.

271 'TH-NMR spectrum & Z%E] 'H-NMRY] signals #4138 A3} 1719 methyl
proton¥} 8709 methylene proton signal, 871¢] methine proton signale] &%l
o}

wdt, s7] 2% 16¢] YEhd S14—29] Carbon(*’C) NMRE AHEHS Fa &ql
# vlg} o), "C-NMRY signal th&3} Zr}

178¢] carbonyl carbon& &. 177.53(C—1)°lA EbEIL
2 5. 14.65(C—18), 878° methylene carbons 6. 21.49(C-17), 6.
25.73(C-3), J. 26.43(C-8), J. 26.,52(C—-11), oJ. 26.54(C—-14), J.
27.90(C=5), 8. 30.19(C—-4), &. 34.83(C-2), 1¥83. 8712 methine carbons<
0c 128.19(C—-15), 6. 128.95(C—7), &. 129.01(C-13), 8. 129.19(C-9), 6.
129.29(C-12), 6. 129.40(C-10), 8. 130.66(C—=6), 8. 132.78(C—16) 3} o]
ERS T

871 “C-NMR spectrum®ZHE "“C-NMR signald ®A3 Ax, 1719
carbonyl carbon(C—1), 1702 methyl carbon(d 14.65), 8702 methylene carbon
2 870°] methine carbono] Tz gt}

T3, 8l7] 2 179 YERdt S14-29] COSY NMR A~#HEFHS Fa 438 Ay,
B methyl proton(H—18), methylene proton(H—17, H-5) % methine
proton(H—16)°¢] 3 WA o]F Aol Al WA o] EAstes Aoz e o
@] COSY A##AAZS vehl, A7) S14-29 2k methyl carbon(C—18) 073
H 3 WA ol Ao AATE Al AR 99X (n-3 T C—16) ol EAskE Fo] &l
o}
3k 3t7] 13 189 YERdt S14-2°] HMQC NMR A#HE® 9 73 199 e}
S14-22] HMBC NMR A#HE#S =3 € (carbon) X 44 (proton) 2] a3
AT A, A7) S14-2% HEFAOoE 69, oW, 12%, 167 Aol o]Fsd T
t BAa 18709 Akl 6, 9, 12, 15—-ZEkd 7} Eglol 2] At (octadeca—6,
9, 12, 15—tetraenoic acid, C18:4)9] Fx& zti= Zo® 4= glT).

S14-29 o4z 6, 9, 12, 15—t 7HEdle|mojite] F+32&5
20 YeERAAT. 1811 gamma—linolenic acid®] %+ 19 213 Zr}

, 1782 methyl carbon

¥

3@

FA

a9

)

il

I

o
N

371 19
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Fig. 15. Proton(*H) NMR spectrum of the S14—2 peak

_79_




(Billio

30.0

200

100

142

[

ons)

[l

250.0 2400 230.0 2200 2100 2000 190.0 1800 1700 1600 1500 1400 1300 1200 1100 1000 90.0 §0.0 70.0  60.0

X : parts per Million : 13C

177.5373

500 400 300 200 100 0

L]

0 300 600 900

(Millions)

Fig. 16. Carbon(**C) NMR spectrum of the S14—2 peak
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Fig. 17. COSY spectrum of the S14—2 peak
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Fig. 18. HMQC spectrum of the S14—2 peak
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Fig. 19. HMBC spectrum of the S14—2 peak

0
HC == /\_/\_/\/\)k OH

Fig. 20. The structure of the octadeca—6, 9, 12, 15—tetraenoic
acid (C18:4w—3), or stearidonic acid (SA), or moroctic

acid

0o

HsC\/—v—v—\/\/\/\)J\OH

Fig. 21. The structure of the 9,12,15—octadecatrienoic acid
(C18:4 w—6), or gamma—linolenic acid (GLA)
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&) 49 FHED F2 € A 3F =28
At FHelA HFE FFEAR stearidonic acidE &
229} Zo] w7t FA @At 249 FEE

2 150ge FE3I|

X 107 %) 9] gamma—linolenic acidg FE3}4t}.
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%9 A4 B9e 1

g7 vrerf ik, ok

Fol 9.5mg(6.33 X 107 %) 9] stearidonic acid®} 9.7mg(6.47

Residue Filtrate
(Fraction1) (Fraction 2)
(59) (0.69)

Fresh leaves
(Enteromorphalinza

powder)
(150g)

Homogenize for Smin in
MeOQH-H,0 (4:1) (10 x vol. or wt), filter

|

Filtrate
(30.29)

Residue

Extract with

Evaporate to 1/10 vol (<40C)
EtOAc(x 5), filter

Acidify to 2M H,SO, (pH3.0)
Extract with CHCI3 (x 3)

CHCl; extract

(Fraction 3) Aqueous acid layer
(4.49)

Evaporate

Dry, evaporate

Fig. 22.

Basifyto pH 10
FIBRE NEUTRALEXTRACT MODERATELY POLAR EXTRACTS With NH,OH,
(mainly (fats, waxes) (terpenoids and extractwith
polysaccharide) separate by TLC phenolics) PCor TLC CHCI,-MeOH
~ | onsilicaorGLC) Onsilica (3:1, twice)

and CHCI,

CHCI3;-MeOH Aqueous basic

extract layers
(Fraction 4) (Fraction 5)
sephadex LH-20 gel column ()] (10g)

(25-100y, 85.5g, 2.2cm i.d. x 90cm)
with methanol

1 mL/min flow rate
collect 20 falcon tube

Evaporate
extract

Dry, evaporate with

(51~520) each 10ml WeOH
and measured MIC BASIC EXTRACT MeOH extractis
(mostalkaloids) POLAREXTRACT
TLC onsilicaor (quaternary
electrophoresis alkaloids and
N-oxides)

Sephadex fraction

(173 mg)

RP-HPLC

Alltima C18 column

(10 mm i.d. x 25cm)

95% acetonitrile, 4mL/min, UV: 197nm

HPLC fraction HPLC fraction HPLC fraction
§14-1 $14-2 $14-3
(8.8mg) (9.5mg) (9.7 mg)

GC/MSD(5975C, Agillent),

1-D NMR('H, *C, and DEPT) and
2-D NMR(HMQC, HMBC, and COSY)

Stearidonic Acid, SA
(C1gH40,18:4n-3)

Gamma-linolenic acid,

(C15Hy00;,18:3n-6)

Purification step of the antimicrobial activity compound isolated

from Enteromorpha linza

% | ¢ purification step of the stearidonic aicd and gamma—linolenic acid
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(wh dutd) FFEd =34

duty FEA S14-29 S14-39 =34 e HPLCE EA st 7|&&4<l
s

stearidonic acid®} gamma—linolenic acid, S14—2, S14-3<S %Y &% (10mg/mL),
Y £395% ACN) oA FAlste] AR & AAE o]&ste] FAsth. 1
a9 233 o] fujE AME-¥ methanolS &
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i
Ku)
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N

S
S
0

Yehglth S14-25 HPLCE 43 Ay 19
S U2 peakE &l (Methanol) R o2 3219804 4.86%H 2> YeEA L
WA 9] peaki w0]* peak® FZE 1 3.853%0lM 2.55%H A4S YERRIT Al
A9 peakE S14-29¢ R o7 6355800 89.78%HA L Yehfgith =, 1
249 (A) 9} o] 7|54l SAE HPLCE #4% Ay WA Q] peaki £1f #-3
o7 3.239%14 569%9AE YERNAL F WA 6.332%8 M 92.46%H 4 S L
gl &, S14-29 FEE 89.78%9 wWANEZ R AR 7EEF
SA(92.46%) 9+ frelst #F2 +x& Yehdqdch

S14—-3% HPLCE ®A3 AxEs a9 259 (B)ol vehd Ax o] F A U&
E 7.759% 004 78.56%W A veERAT A WA SAS] FHE(6.281)¢]
14%A4 Jepgth w3, 75219 GLAS HPLCE #A3% Ayl 7.878%40A4
75.89%< A& YERRIT S14-39 FEEZ 78.56%2 WANE B FAF
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Fig. 23. HPLC chromatogram of the methanol solvent
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(A) (B) ;

\
3.0 — | 3.0 - I
25 |- | 25 = \

20 = 20 -

Absorbance at 197nm
o
]
Absorbance at 197nm
o
|

Fig. 24. HPLC chromatograms of the antimicrobial substance on the Cis
column by the RP—HPLC, 95% acetonitrile, 4 .Omin/mL, UV 197nm.

(A) stearidonic acid (standard)

(B) S14-2
(A) 30 _ " (B) 30 i
25 |- “ 25 |- |l
2.0 — . 2.0 —
] £
£ i
> >
L 15 = - 15 |-
% ]
: M :
g o0 20 |
] s
H | b
2 o5 | l < 05 =
0 s e e R i) Ne o o L /L O VR § S e oy
| I 1 I | 1 1 I
0 2 4 6 8 10 o 2 a4 6 8 10
min min

Fig. 25. HPLC chromatograms of the antimicrobial substance on the Cis
column by the RP—HPLC, 95% acetonitrile, 4 .Omin/mL, UV 197nm.
(A) gamma—linolenic acid (standard)

(B) S14-3

_87_



2. doE5E AAE A ED FHEY

(1) H2AAEEWMIC)E o] &3t FFEA

(7)) Sephadex ¥&E9| 484

Aate s 2EE S1~S2070418] MIC %+ v X 25, 269 ) o]% S13,
S149] MIC s5& X2ddole BF 78.12 pg/mL, AFFFAE= S132 39.06
pg/mL, S14% 19.53 pg/mL 2 S147F S13HY XFA 7ol et H2A4A %% (MIC)
7} gko} S142 Aelsgit)
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Table 25. The MIC value of the sephadex fraction against Prevotella

intermedia
Med | 125 sephadex MIC
V‘\Ge: L“sTr (:; S| e 3;5 E’g 72'1 3‘20 12'5 9.76 fraction value
ain | m) _ _ No. (ug/me)
520 2 520 1250
S19 S19 1250
318 |f : g ¢ S18 -
? '/ﬂv*k = -:; 1’*‘« *'\«‘:}ﬁw*fq 17 .
S16 S16 625
S15 S15 156.25
S14 S14 78.12
S13 ¢ S13 78.2
s12 s12 156.25
st i st 156.25
s10 | $10 312.5
9 59 3125
@ s8 3125
57 | s7 3125
6 s6 1250
- s5 1250
sS4 S4 1250
s s3 1250
s2 S2 -
S1 S1 -

*

All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.
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Table

26. The MIC value of the sephadex fraction against Porphyromona

Differences were considered significant at p<0.05.

gingivalis
Med | 125 sephadex MIC
Med | ium | 0 312. | 156. | 78.1 | 390 | 195 )
o | st | e | PP w0 | s | 2 | 6 | 8 |%® fraction value
ain | m) No. (ug/mt)
S20 S20 312.5
S19 S19 78.12
s18 1 v s18 1250
)
S17 S17 625
S16 S16 625
515 ' S15 39.06
S14 S14 19.53
S13 S13 39.06
= ‘( - fv - =
S12 * S12 39.06
o L4
Si1 Si1 312.5
> >€><€
S10 : S10 312.5
> < <
S9 S9 312.5
_N

S8 S8 625
S7 S7 625
S6 1250

S5 1250

S4 625

S3 625

S2 625

S1 1250
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* All measurements were done triplicate, and values are average of three replication.

(4h) HPLC £3&9 o874

sephadex ¥3 & S145 HPLC AA3 A3 3709 sub fraction® @ #2]= 3t}
S14-1, S14-2, S14-3¢] MIC s %+ o & 273 Zth o] F S14-29} S14-3
o] MIC =& A% #olAME= 39.06 pg/mL, X594 oAM= 9.76 ug/mL Z Yo}
S5 T EsS HeERATh

Table 27. The MIC value of the HPLC sub fractions against Prevotella

intermedia and Porphyromona gingivalis

(ug/ml)
Prevotella Porphyromona
HPLC sub fractions . .
intermedia gingivalis
S14-1 156.25 39.06
S14-2(SA) 39.06 9.76
S14-3(GLA) 39.06 9.76

*  All measurements were done triplicate, and values are average of three

replication. Differences were considered significant at p<0.05.
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(th) Standard B2 @ 2 9| AWAte] FAEA

S14—-2, S14-33 FA3t E2 <l stearidonic acid$} gamma-—linolenic acid: %
Z3} Aol whekA, EX 3 AWALY] FFEE AvkelA AlekE gh9dske] SA
o 3 FaEAE vl B4 HAAAEEMIO = 7] F 283 ATh EX
3l AAke] FHole omega—3 AWHAFAl ALA (@ —linolenic acid, 18:3n—3),
SA (stearidonic  acid, 18:4n—3), EPA(eicosapentaenoic acid, 20:5n—3),
DHA (docosahexaenoic acid, 22:6n—3)7} 2131 omega—6 A]¥4Fel LA (linoleic
acid, 18:2n—6), GLA(y —linolenic acid, 18:3n—6), AA(arachidonic acid,
20:4n—6)7} ot XA (P. intermedia) N += ALASF AA7F 19.53 pg/mlo 2 &
o+ &Aool M R g5 22 SA, EPA, LA, GLAYF 39.06 pg/mS.Z JERSIL
DHAE 78.12 pg/me= Webstth. 7213 XFA (P. gingivalis) A= EE A4S
FAol 9.76 pg/mOF 53 A4S VeERRTh ole I RASE A A 297
Al 2%.(2005) 8] [Curcuma zanthorrhiza &% 9 &-f 2k 3 A avel +
7 raliatel ohdh dEA 4 @ oA xFHatell tigh chlorhexidine®] MIC7F 8
pg/meR] Z13F vlwshH vl gt Faddolite A 1 4 Stk 3, A=
A9l Curcuma zanthorrhiza2] IC7} 32 pg/miQ] A3} wlawskd SA

M
9} GLASY gl 3u) o xue Ae & 7 o
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Table 28. The MIC value of the PUFAs against Prevotella intermedia and
Porphyromona gingivalis

(unit : pg/me)

MIC
PUFAs Prevotella Porphyromona
intermedia gingivalis
ALA, 18:3n—3 19.53 9.76
SA, 18:4n—3 39.06 9.76
n—3
EPA, 20:5n—3 39.06 9.76
DHA, 22:6n—3 78.12 9.76
LA, 18:2n—6 39.06 9.76
n—6 GLA, 18:3n—6 39.06 9.76
AA, 20:4n—6 19.53 9.76

* All measurements were done triplicate, and values are average of three

replication. Differences were considered significant at p<0.05.

A 2AH AFHES doy= dAdel= EAR P, ointermedia®t P. gingivalis 2
ol 329 oA} o] thFdt o] itk wEbA, olF el el SAS GLAZE @t
250l AEAE SH7] f8 AXAANTEMIOE S8 47, GLAE BE ol
A ArEsS UYeda 53] P gingivalis®t Fusobacterium nucleatum subsp.

W #24e Jerith. wbd SAE Fusobacterium  nucleatum

subsp. vincentiz A Qe BE ol U] IdasS YENIAL 53] P. gingivalis
o} P. intermedia®lA Holdt /38 Yetdigith
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Table 29. The MIC value of the SA

pathogens.

and GLA against several oral

Bacterium Strains
Aggregatibacter
. ) KCTC 3698
actinomycetemcomitans
Candida albicans KCTC 17485
Fusobacterium nucleatum
. . KCTC 5105
subsp. vincenti
Porphyromonas gingivalis KCTC 381
Prevotella intermedia KCTC 25611

Streptococcus mutans KCTC 3065

* All measurements were done triplicate,

replication. Differences were considered significant at p<0.05.

(2) Fo| "y2Z(paper disk) & o] &3 Fo&4
(b Standard 2 @ 2 9| AWAte] FAEA
Fo] OAAE o] &3 Il AXF] A7)
Aolth. 1d 269 %

A 719 1/2&

intermedia) 1~ A A]

=99
#2772

AL
Al

A F7F wj Aol gt = g

.

2~
RLa
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and values are average of three

] 239 =27]¢ 8mmE
30049} o]
Mg Jdshd ALA > EPA > SA > DHA
= GLA > LA > AA 9} Zth I8 277 & 309149 2o] XFAF(P. gingivalis)
A& SA = AA > GLA > DHA > ALA > EPA > LA +A )
ok Fol "aze Aol MIC A#7E Zpo|7h Ui o] Fol
7b et o] A Al o
Hock b, Fol fazme] Anuc MICY Anrt o Aol

it diol 1

Fig. 26. The paper disk activity of the PUFAs against Prevotella intermedia.

Fig. 27. The paper disk activity of the PUFAs against Porphyromonas gingivalis.
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Table 30. The paper disk diffusion assay of the PUFAs against Prevotella 2. 43t FFEA o BT to]dAr
intermedia and Porphyromonas gingivalis. 7} Zroldds A% HE Ax
(1) oS %t ME

Paper disk diffusion assay (mm)

Aol g A8 AELS 200mL T4 Aokgel wob A& ] 19 28%

PUFAs Prevotella Porphyromona Fans o

intermedia gingivalis

ALA, 18:3n—3 4.33+0.19 3.00+0.58 =
SA, 18:4n-3 3.67£0.19 3.50£0.88
e EPA, 20:5n—-3 4.00£1.17 3.00£0.33
DHA, 22:6n—3 3.25£0.84 3.17£1.17
LA, 18:2n—-6 3.00£1.30 2.67£0.84
n—>6 GLA, 18:3n—6 3.25%£1.26 3.33£0.77

Fig. 28. Gargle sample from Enteromorpha linza for simple clinical trials
AA, 20:4n—6 2.67%+0.51 3.560%1.20

* Values represent the mean = SD (n=>3).
#% All measurements were done triplicate, and values are average of
three replication. Differences were considered significant at p<0.05.

Statistical significance is student t—test as compared to controls.
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(2) TS S HE2] FAEA

P A7 AAMA A APRE ol &8t A&, AFPte] gk 2
AAAFEMIC) AES Fdsidtt. A & 313 o] A2Fdy X FAdelA
FE—-S10°14 %8 FE-S157k#] MIC s%7} 7
olE S MEE AT

Aol ARetnz o FEE FE3te] 3

Table 31. The MIC value of the fermentation ethanol extract for clinical trials
against Prevotella intermedia and Porphyromona gingivalis

(ST & pg/ml)

MIC
fermentation ethanol Prevotella Porphyromonas Yield
extract intermedia gingivalis (1g71%)
ATCC 25611 381
crude extract (control) 1250 1250
FE-S10 312 625 25mg
FE-S11 312 625 45mg
FE-S12 312 625 69mg
FE-S13 625 625 112mg
FE-S14 312 312 115mg
FE-S15 312 625 35mg

* All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.

(3) Fo|RA& T Mg F4 ¥4
(7H % Zd9E, chlorophyll a, b, & AW = B
FolAlAS o] AAE WEo| v n o)
o Aot s FEE) Al A A5 Bol FiE Jles & 5 Atk & B
azle) Qs FEHE Agus A4 dAE AXE S Aedgdel T
& Ak,

_98_

Table 32. Total polyphenol, chlorophyll a, b and lipid contents of E. linza

extract and gargle test product.

Ethanol Sephadex Gargle test
E.linza
extract extract product
powder
(1mg/ml) (1mg/ml) (1mg/ml)
Polyphenol
opheno - 27.5310.011  56.12+0.004  48.53%0.04
(ug/ml)
Chlorophyll a
- 24.23 29.63 37.89
(ug/ml)
Chlorophyll b
- 20.49 37.77 46.92
(ug/ml)
Total Lipid*
- 14.71 16.29 16.26
(ug/ml)
Yield
100 1.55 0.01 -
(%)

? Concentration of standard (olive oil) was 600mg/dl.

* Values represent the mean = SD (n=>3).

#% All measurements were done triplicate, and values are average of three
replication. Differences were considered significant at p<0.05. Statistical

significance is student t—test as compared to controls.

(P FeAPE 28 9 e

rolddE Slel AlAE Ay 4 FE= AW

U‘l‘

F2 1.2%ATHIOH 29). °]

Z HEHA FALA 37% (stearidonic acid E3) 3 7)€k AWk A0S 4
st A3 73 30049 2] Palmitic acid 12.5%, Stearidonic acid 11.8%, Oleic
acid 6%, Linolenic acid 5.9%, Linolelaidic acid 5.1% % °]& 5%&®2 fF8lAwAto]

T AR F 41.3%5 AAAL e AR @l FRH es & 5 Y 1

Y Aste s FEEA B AP FF B4 A 09%F FHHL QAL F A



u

HAF 37 (stearidonic acid ¥3H) 3 71EF X9Ake] AUIE 2% Ay 19 319

29} o] Palmitic acid 11.2%, Stearidonic acid 15.3%, Oleic acid 6.4%,

o
o
45.1%% AAstaL s =R "ol FiEol dee & F itk 53], AFA
2z

5
o3 AS@del e A4S dehlle =Zolsta e

Fo| AA
e A= IFUF & o
= o] Astsh=dl ol £&AA FEA AFA 9, J1€FAA AdA T R
ojgt AlEFH It

.
ol 4 Aes =
= A

Ak
L
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Tel. 051-999-5878 Fax. 051-999-6930
http://sanhak.silla.ac.kr
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g 2 8 s 12-110223-02 [619-911]
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H B9 utey oigte &= ABERE J|Et
AMNSH ang B Xgrat sz

HSMA SZstel AMO SOl CHSD 20l A &S A
ANEBESZZ N

Nggs ; 2
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Fig 29. Total lipid content of E. linza ethanol extract.
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S g g t
Pr\?:.K kit (%)tjk (Q/E;OOQ) (g/§.659) (mo%s-isa)
1 C4:0 |Butyric Acid 0.0 0.000 0.00000 0.00
2 C6:0 |Caproic Acid 0.0 0.000 0.00000 0.00
5} C8:0 [Caprylic Acid 0.0 0.000 0.00000 0.00
4 C10:0 |Capric Acid 0.0 0.000 0.00000 0.00
5i C11:0 [Undecanoic Acid 0.0 0.000 0.00000 0.00
6 C12:0 |Lauric Acid 0.1 0.001 0.00007 0.07
7 C13:0 |Tridecanoic Acid 0.0 0.000 0.00000 0.00
8 C14:0 [Myristic Acid 0.3 0.004 0.00020 0.20
9 C14:1 |Myristoleic Acid 0.0 0.000 0.00000 0.00
10 C15:0 |Pentadecanoic Acid 0.1 0.001 0.00007 0.07
11 C15:1 |cis—10-Heptadecanoic Acid 0.0 0.000 0.00000 0.00
12 C16:0 |[Palmitic Acid 1125 0.150 0.00848 8.48
13 C16:1 |Palmitoleic Acid 0.9 0.011 0.00061 0.61
14 C17:0 |Heptadecanoic Acid 0.0 0.000 0.00000 0.00
15 C17:1 |cis—10-Heptadecanoic Acid 0.3 0.004 0.00020 0.20
16 C18:0 [Stearic Acid 0.2 0.002 0.00014 0.14
17 | C18:1 n9t|Elaidic Acid 0.5 0.006 0.00034 0.34
18 |C18:1 n9c|Oleic Acid 6.0 0.072 0.00407 4.07
19 | C18:2 n6t|Linolelaidic Acid & 0.061 0.00346 3.46
20 |C18:2 n6c¢fLinoleic Acid 1.0 0.012 0.00068 0.68
21 20:0  [Arachidic Acid 0.0 0.000 0.00000 0.00
22 | C18:3 n6 [r-Linoleic Acid 0.0 0.000 0.00000 0.00
23 C20:1 |cis—11,14-Eicosedienoic Acid 0.1 0.001 0.00007 0.07
24 | C18:3 n3 [Linolenic Acid 5.9 0.071 0.00400 4.00
25 C21:0 |Heneicosanoic Acid 0.0 0.000 0.00000 0.00
26 = Stearidonic Acid S 0.142 0.00800 8.00
2 C22:0 [Behenic Acid 0.5 0.006 0.00034 0.34
28 |C20:3, n6|cis-8.11,14-Eicosatrienoic Acid 0.0 0.000 0.00000 0.00
29 | C22:1 n9 [Erucic acid 0.2 0.002 0.00014 0.14
30 | C20:8 n3 |cis-11,14,17-Eicosatrienoic Acid 0.0 0.000 0.00000 0.00
31 | C20:4 n6 [Arachidonic Acid 0.0 0.000 0.00000 0.00
32 C23:0 [Tricosanoic Acid 0.1 0.001 0.00007 0.07
33 C22:2 |cis-13,16—-Docosadienoic Acid 0.6 0.007 0.00041 0.41
34 C24:0 |Lignoceric Acid 0.0 0.000 0.00000 0.00
35 | C20:5 n3 [cis-5,8,11,14,17-Eicosapentaenoic Acid 0.3 0.004 0.00020 0.20
36 C24:1 |Nervonic Acid 0.0 0.000 0.00000 0.00
37 | C22:6 n3 |cis—4,7,10,13,16,19-Docosahexaenoic Aci 0.0 0.000 0.00000 0.00
38 = JIEF XIghat 53.5 0.642 0.03627 36.27
= X|HEAESHEE 67.8(mg/5.65g)

# T olEle REE S AW BB 1.2%

Fig 30. Free fatty acid percentage of E. linza ethanol extract.
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P;:k ) et abey Z‘_(ilﬂl gy 2= e
- ) (9/100g) | (9/4.63g) | (mg/4.63g)
1 C4:0 |Butyric Acid 0.0 0.000 0.00000 0.00
2 C6:0 [Caproic Acid 0.0 0.000 0.00000 0.00
3 C8:0  [Caprylic Acid 0.0 0.000 0.00000 0.00
4 C10:0 |Capric Acid 0.0 0.000 0.00000 0.00
181 C11:0 [Undecanoic Acid 0.0 0.000 0.00000 0.00
6 C12:0 |Lauric Acid 0.2 0.002 0.00008 0.08
7 C13:0 [Tridecanoic Acid 0.0 0.000 0.00000 0.00
8 C14:0 |Myristic Acid 0.5 0.005 0.00021 0.21
9 C14:1  |Myristoleic Acid 0.0 0.000 0.00000 0.00
10 C15:0 |Pentadecanoic Acid 0.2 0.002 0.00008 0.08
11 C15:1  |cis=10-Heptadecanoic Acid 0.0 0.000 0.00000 0.00
12 C16:0 [Palmitic Acid 12 0.101 0.00467 4.67
13 C16:1 |Palmitoleic Acid 1.3 0.012 0.00054 0.54
14 C17:0 |Heptadecanoic Acid 0.0 0.000 0.00000 0.00
15 Ci7:1  |cis—10-Heptadecanoic Acid 0.5 0.005 0.00021 0.21
16 C18:0 |Stearic Acid 0.3 0.003 0.00013 0.13
17 |C18:1 n9t|Elaidic Acid 0.0 0.000 0.00000 0.00
18 [C18:1 n9c|Oleic Acid 6.4 0.058 0.00267 2.67
19 [ C18:2 nét|Linolelaidic Acid 4.2 0.038 0.00175 179
20 [C18:2 nbc|Linoleic Acid 1.0 0.009 0.00042 0.42
21 20:0  [Arachidic Acid 0.0 0.000 0.00000 0.00
22 | C18:3 n6 |r-Linoleic Acid 0.0 0.000 0.00000 0.00
23 C20:1 |cis—11,14-Eicosedienoic Acid 0.0 0.000 0.00000 0.00
24 | C18:3 n3 |Linolenic Acid 8.0 0.072 0.00333 3.33
25 C21:0 [Heneicosanoic Acid 0.0 0.000 0.00000 0.00
26 = Stearidonic Acid 158 0.138 0.00638 6.38
27 C22:0 |Behenic Acid 0.3 0.003 0.00013 0.18
28 |C20:8, n6|cis-8,11,14-Eicosatrienoic Acid 0.0 0.000 0.00000 0.00
29 | C22:1 n9 |Erucic acid 0.0 0.000 0.00000 0.00
30 | C20:3 n3 |cis~11,14,17~Eicosatrienoic Acid 0.0 0.000 0.00000 0.00
31 | C20:4 n6 |Arachidonic Acid 0.0 0.000 0.00000 0.00
32 C€23:0 |[Tricosanoic Acid 0.0 0.000 0.00000 0.00
33 C22:2 |cis-13,16-Docosadienoic Acid 0.0 0.000 0.00000 0.00
34 C24:0 [Lignoceric Acid 0.0 0.000 0.00000 0.00
35 | C20:5 n3 [cis-5,8,11,14,17-Eicosapentaenoic Acid 0.5 0.005 0.00021 0.21
36 C24:1  [Nervonic Acid 0.0 0.000 0.00000 0.00
37 | C22:6 n3 Cis-4,7,10,13,16,19-Docosahexaenoic Acid 0.0 0.000 0.00000 0.00
38 = JIEF X 2hat 50.1 0.451 0.02088 20.88
5 X|dHE st 41.67(mg/4.63g)

Fig 31. Free fatty acid percentage of E. linza sephadex extract.
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Y. 7oldd AT A%

(1) Plaque index, Gingival index, Bleeding on proving 23}

AN R71ZVEQY E. linza extract AHE 354 ¥ LISTERINE®AHS 187 9] X4
At e e I 32, A2GAFE I¥ 33, A2EIAFE 29 340 YERSITh
1% 328 E.linza extract x| A4 LISTERINE® oFx| o AFRT19] XA
DA 55 F43 R2Z one—way ANOVA testE o]&3ste] FAA stgloH, A4
$ E]7] A4 (Tukey s HSD tes)< &}gith

E.linza extract ¥ N& AFE-3F 7oA baseline (0F) 7} HlwP-& w 1579 25
247y 15.6%, 17.5% AdAldee] 7HAE Hou, BAHCRE {9 A %2> A7
= Bt Jeu A Y AR 4FFelAE 52.4%2 AAlAEe] fha
], E s SRS A2 A NS AREEA G2 4-6F 7|3k A AT AFE
479 vluRe W SAHCE fFostA] gtk olelst A3 Elinza extract ¥4
H9] anti-plaque Ee°] FA XL AMESHA o2 2F FF FAEHUF Kol O
2o A hEFo® AMEE LISTERINE® & %Al Elinza extract A3t fAbst
ANRE BT

o
o
f
32
o

Plaque Index
25
2
A
B
15 - B
1 ¢
05 i
o= EN W N = _=m & B W =
E.limaExtract LISTERINE
Time Base line 1week 2week 4week 6 week Baselime Tweek 2week 4week 6week.
% Reduction
Versus - 156 179 524 419 - 24 216 525 452
‘Baseline

Fig. 32. Comparison of mean plaque index values on E. linza
extract and LISTERINE® at the baseline and 1, 2, 4, and
6 weeks. The data presents the means SEMs of the
three different experiments. Statistical analysis was
performed using the one—way ANOVA. PK0.001. A, B,

and C was statistically significant differences.
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Gingivla Index
16
A
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12 4
[N
1- AB
051 [o c
06 - [
04
02 4
- -—— _— — = = =
E.tinza Extract LISTERINE
Time Base line 1week 2week 4week 6week Baseline 1week 2week 4week 6 week
%Reduction
Versus = 36 545 519 295 = 172 1737 522 299
Baseline

Fig. 33. Comparison of mean Gingival index values on E. linza
extract and LISTERINE® at the base line and 1, 2, 4, and
6 weeks. The data presents the means SEMs of the
three different experiments. Statistical analysis was
performed using the one—way ANOVA. P <0.001. A, B,

and C was statistically significant differences
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180 - Bleeding Index

160 -
140 | A AB
120 -
100 - C
080 -

E.linza Extract LISTERINE

Time Baseline  1week 2week Aweek 6week Baseline  1week 2week Aweek 6week

Versus - 1426 243 666 €29 - 192 5.7 66.6 627

Fig. 34. Comparison of mean Bleeding index values on E. linza
extract and LISTERINE® at the base line and 1, 2, 4, and
6 weeks. The data presents the means SEMs of the three
different experiments. Statistical analysis was performed
using the one—way ANOVA. P <0.001. A, B, C, and D was

statistically significant differences
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(2) Prevotella Intermediad3 Porphyromonas gingivaliszt2] Ct #t W3}z

P. Intermeids Real time PCR (Ct)

Time Base line 1week 2week 4 week 6 week
Efinze extract 24.92 2651 2125 2955 29.60
LISTERINE 25.06 2658 2700 2833 27
209 4
AB B AB AB C
100 C D
c
30
-
%
20 |
o N Em BN O Wm0 wm N e e O s O =N
E.linza Exiract LISTERINE
Time Baseline 1week 2 week 4week 6 week Base line 1week 2 week 4week Gweek
%Reduction
Versus - 636 932 B . 2 1876 - 606 2 13.01 1853

Baseline

Fig. 35. Comparison of P. intermeida survival rate on E. linza
extract and LISTERINE®at the base line and 1, 2, 4, and 6
weeks. The data presents the means SEMs of the three
different experiments. Statistical analysis was performed
using the one—way ANOVA. P <0.001. A, B, C, and D was

statistically significant differences

P. Intermediatt> 732 AFET A9 £7] GANA FE BAskE wo2H
E.linza extract %X ARgst & 7l P Intermediait® 7A%E Real—time
PCRE &3 #lstdien, I Ay I¥ 35 Welliflth Elinza extract A<
& AH&e A3 baseline?} 15 A#F] A FAXNSE folskA dotrh. 18
279} 453 Fo P Intermediart® A& ZH7F 9.32%, 19.57%9] #aES
Bk 53] AT Aol Fol 457733 F9 Fago] 7P mgon, AR
ARESHA] ke 6574 -9 Al FAAL
o] A8l E.linza extract 2] A3} oAl ARG 24 HES BSITh

=Y

=l
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P. Gingival Real time PCR ( Ct)

Time Base line 1 week
E linza extract 325 34.2
LISTERINE 32 33.41
115 *k
110 -
105 - l
100 - T
a5
0 -
85 -
E_linza Extract LISTERINE
Time Base line 1 week Base line 1 week
% Reduction
‘Versus Baseline - 5.24 - 46

Fig. 36. Comparison of P. gingivla survival rate on E. linza extract
and LISTERINE® at the base line and 1 week. The data
presents the means SEMs of the three different
experiments. Statistical analysis was performed using the

T—test. »#; P <0.001 , *; P<0.05

P.gingivalistt2 2|29 gxlo| 2 WAEE 0% Elinza extract %X 2] A}
SA47= 29 360 YERURO M, t—testE AHEEt] SAA STy, P.gingivalistt
< AAEGE XS Ao FE AFHE doE27N AN AL F 2FAR F
FH & gingivalisit €] Fo] wlH|ste] HEo] Lolakx] Xt I1¥]1 baselined} 1F
& A= vuFPS u, Elinza extract x9N 7FAgo] LISTERINo| 238 ZHA&

Bt} BA8 07 1 §9 sttt E.linza extract %X Ne A4 Byl ol g} X

o
)«

= T 2}12}1‘:}'

¥ AT one—way ANOVAE stglom, gaedy A F2E52 U SAE
WTt. base line , 15, 27, 45, 659 AT, g2ud 24218 TAE T3t Aok
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p.gingivalisc 773AANAM = Wol EAsHA gFor AFH el F2 Tddn
adA A ARFAURAES eIl 1 EE®e] =53] Hglew, 2FFH=

AEol HA &3kt (intermedia 3¢5 FAJANAAE &<l 71538HH)

3. g F ERY ASE A7
7h FARRAZLAE TR AFE AR
(1) AAF A
b TERFA AAFE AL

Al B BT WAE BHow st A W FAAA A ook EW ]
A, (RARARILA A2EAED Y FEHRAR 7Y 5 glon, oF Hu £
EabAl ake, TERA, Aok, A D FAUe APy 5L BHOR s AokA

om F Y A2 el APk eraFEoR BRd £ ot
ek, FEAFAL A QWA B e BAES WA B

Fegs BHoz s A5 QJokEel AP ek, TEHFAZ AFSHA)

Bk AAE FFH oA 5o F7F A¥o] 23ty stearidonic acid®} gamma—linolenic
acidE®  Hrteles  AE ol sbssith. FEHEAl] stearidonic  acid,
gamma—linolenic acid v Q3 FEFES H7iste] s A9 A F53517
Wwopokgttr. whebr], TFEHAFARG A or F537E W] A% Ao AES
712 s
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2

(Wb Ak AAFE AL @ 49K 3 FEE A=

)
ol
ol

@ Ao Ho]A A= AupfRRE 3 B EF eu7-3 EX3AWPA stearidonic acidE
2ok A AE AFE S I-AY F)EFE X wo]AE Algtth A ef uo] F=s7] S8 F4g ol g8k A Y 100gd F4 1LE ¥ 170~180
o A2 ot 3 337 23 o] 59 Alxv IHAY F) oA "Esiglth 2ok Al rpm®] shaking incubatorollAl 8t &t FEs3Att FEEL o Fsto], F53 oY
F Aof do)xel st FHdH EAE 44 1%, 2% 2891 4%7F HES & = #HETLE ARESte] A w5stka, 0.22xm HHE ol &3] At HEE 7

o] A z33 T stom, A AEs FEES 95% LEFHORE St old€A Axd FH F=E

=3 Aok o] AE Alo] A oF AAIFES AXsIU ¥ 37H Eoh T FEES
Table 33 . Ingredients of test dentifrice product 2ok wlol A S ti¥] 1%, 2%, 4% =2 H7Fskalth
Ingredient % (W/w)
Water 2w
Silicon dioxide 8.00
dgekq] At 10.00 ¢
Sorbitol 51.00
Methylparaben 0.15
Polyethylene glycol 1500 4.00 (A) (B) (©) (D)
Glycerin 5.00
7] A e Fig. 37. Picture of the dentifrice product contain E. linza extract
CMC (R Z=A) 2wk (A) Control(dentifrice base)
& 2 o (B) 1% E. linza extract

(C) 2% E. linza extract
(D) 4% E. linza extract
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Fig. 38. HPLC chromatogram of the E. linza ethanol extract
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. a4 FHED FH AAES 7 &5 B
(1) #Fo] A A (paper disk) & ©] &3 I A
Oh F3 FE2E9 I8

Aty F4 FEES 10mg/mL, 20mg/mL, 40mg/mL9] §E& ZAlste] Fo] U

29 A T oS FAAT. ® 34049 o] Tt STUMEFE g
3] AAE A7E Az ARE AT F U9 olE A3 A FH FEFE
P TR JEAL S FAEAH

Table 34. The paper disk diffusion assay of the E. linza ethanol extract

against Prevotella intermedia and Porphyromonas gingivalis.

Paper disk diffusion assay (mm)

Prevotella intermedia Porphyromona gingivalis

Control (Ethanol) - -

10mg/mL 2.25+£2.47 0.75%1.06
ethanol

20mg/mL 2.75%12.47 1.13%+0.53
extract

40mg/mL 3.756+2.47 1.75%£0.35

* All measurements were done triplicate, and values are average of three

replication. Differences were considered significant at p<0.05.

- 113 -



Wb Rk AAEY FFBAY
Avkel F4 FEES TR Aok AAEY FRBYLS FAF P X 35949
2ol stel 7Y FHE ol FelAFF AR AV} Sk 2 FA
Ak mhebd, xop AAES Beseta 542 BAY nddel FEEY FHL 4

galok & Zloje} Atrdn

Table 35. The paper disk diffusion assay of dentifrice test product containing
E. linza ethanol extract against Prevotella intermedia and

Porphyromonas gingivalis.

Paper disk diffusion assay (mm)

Prevotella intermedia Porphyromona gingivalis
Control (Ethanol) - -
a 2.15£1.47 0.85£0.96
b 2.45+11.47 1.15£0.73
c 3.45%£1.47 1.78£0.45

* a! dentifrice product without E. linza ethanol extract. b and c¢: dentifrice product
with mixtures of E. linza ethanol extract, 1, 2 and 4%, respectively.
#x  All measurements were done triplicate, and values are average of three

replication. Differences were considered significant at p<0.05.
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o A9 FAED T AAES £ 54 FA
AAFS =8-geE] EA4E glsh] 9 pH, A% 9 =4 E (Refractive Index)

9 RS SS9tk ® 369049 gol Aok AAF ETREL u BB

i

HlwA obgdh Zlom #qlyo] Aof o9e] 7 fAHHAElE &84

o

s

miﬁ
= %
o2
b

ZAow AtgdEd. &, ® 36948 o] dAnY FEES T
(lightness) gkol  wo} Aekg Abgdl= AMEAF M dha AFdE =2 F

B2 A% AASE FYol F7kw AL Rolet et

b
o

Table 36. pH, refractive index, viscosity and color value of dentifrice product

made by E. linza ethanol extract 1%, 2% and 4% concentration.

control 1% 2% 4%
pH 6.61£0.09 6.93£0.08 6.70£0.12 6.90*0.04
Refractive index (nD) 1.4408 1.4397 1.4397 1.4404
Viscosity (cps) 220,000 180,000 160,000 150,000
L (lightness) 64.24 33.61 27.51 24.85
Color
a (redness) -0.04 0.05 0.42 0.34
value
b (yellowness) 1.68 9.18 6.08 3.36

* All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.
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2 00:1 )
A=

A7 Bt T A=l 9 FAsks] 2010 IMBC(the 9th International
Marine Biotechnology Conference, http://www.IMBC2010.0org)°ll "Antimicrobial
activity of  6,9,12,15—octadecatetraenoic  acid  (stearidonic acid) of

B _ Enteromorpha linza against Prevotella intermedia and Porphyromonasgingivalis"
2 93 BAA, FAA Sl AFEshe AAE TekE

o EE A LA, (Fobg 1) [EIS] L o] Weh Ehmde oz olgli= FAZ poster presentations 3JFATE 183l 7] FI7F ATE B
G AR(EAARARE TEE gl B A 57 o798 & gow, fournal of applied phycologyell SCI =i fargh el delt.

WA QAR A B AR AES et 9o stk 2eu wel g

N Fa BUE AFHTA Bhe, oM AR A ol wer Hopy g A4 A F7AT, B A7 &8 A8

LAAEAE F2A Fo] A EE AATE F UFE A ET B Ao A ve il &4 stearidonic acid9} gamma—linolenic acid ¥ 7]} E3x3}
Webd, fel st ¥elw @74 249 stearidonic acid® A * Aare AR ekl AREnY B T4 g A 9 5 b 47
228 ojgao] 7oA AW ¥ 9w 1 EAS JEaerw FAA A 59 wAST o Aol Agatel AES Aweu £G4 Aol w4, Qs
A% APl s How wekas AT olgatel FAZ, Fud 5 I AR VAL FF ATS Aol
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=]
O Aegont AFgn e A TR AP 5L AR wE e A%

of MiE FAYA S geepES w4 Aot (Leke N et al., 1999)

TR MAAAY, mZoldE dovle S BEEe] WAL ¢ 3lor, dFuth

o >~ -
E Qe A8l

wgo] ot (Flatra L et al., 1971)

=0

[}

O A29E A2x40f wAgst =714 A5l AdAautat st #do] gl
th A Aol AAFH s S5 gukilz AFo] Xotxwe] FaHE gF Bl X
T(dental pellicle)oll 77 Wl Z}5 Algso] Faste] A== A2 Aadole e

o] X e} FE+= Z}1(dental plaque) 2% T} (Kim et al., 2005)

O Socransky®] BiLel oatd A ejfe] g 6FFE iz 7 Qe Z714A
ol Holxe] Z7]o] FHE o]F= WAool ¥ Actinomyces, yellow
complex, green complex, purple complex ¢} 7|AAdol™ FNAHHAS Ao
71 HAAJo] & orange complex, red complex® ¥H#3 4 9ot gk 1
= 299 A} BHo] =S grange complexol|E Prevotella intermedia (P
intermedia), Peptostreptococcus micros(P micros), Prevotella nigrescens (P
nigrescens), Campylobactor gracilis(C  gracilis), Campylobactor rectus(C
rectus), Campylobactor showae (C showae), Eubacterium nodatum (E nodatum),
Fusobacterium  nucleatum(F  nucleatum),  Fusobacterium  polymorphum (F
polymorphum), Streptococcus constellatus (S constellatus)7} QoM o5& A
A FTuby|of] SZ4st 27|37 AEY red complexE AAsFE oS i)
red complex®l¥  Porphyromonas  gingivalis(P  gingivalis),  Bacteroides
forsythus (B forsythus), Treponema denticola(T denticola)?} 438l ow o5&
WaAdo] mlg H FoE {AT AF oA FdnEol Ao, dFA AFdel

e A5 dAEE (F9e Yoz A4y Ath. (Socransky & Haffajee,
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2002)

2 FHee]  JPg T3 Yo ®  black pigmented

Aol 540l gl ugRAYe tolr, et

O P gingivalis&

o

bacteroides, 1#HS4, &7

2 AR FAAAel thatol AZYE Zte TAlel vE B2 A ALEE

I QE AlFolth BEARIAES ERE P ogingivalis® 2ute] Q&
alad, gl as sol vk (Lamont & Jenkinson, 1998) %
W AFHA W P gingivalis®) F7F S7FE™ XFASke] Mgl whel A4
HAE&= Pgingivalis’7} W3] WAL P gingivaliss XFX82% 34 i

AAEH, AFAgo] Adets Wi s B oA WA RN (Tanner et al, 1984)

O A297 2E kel FaARA= Loe AFAAEHG AT & YeElt=t Loeol <
B el A 27 % Ho Sl Az WA s A
A7} dckal skith (Lée et al., 1965)

é
1z
]

O 238z A 4 gA D AAEs ASFY AT 2 ARFE A8 v a8t

O Adel 34 oA @ AAS 7] 9% HEAQ WPow Q& Ak A%A
AASEE Qo] AT ol Aw PgA A Hopitol} A2

A E
TSl VT EEe] ofE Y ASAGARAATE BF ko] AAAA SR =

FA A HEA ARG ool TrkEla dA A48 #F3A4
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O gEAQ FHgxde] FFAEEZTE chlorhexidine, triclosan® 72 phenolA),
dextranase® #& @xA, ofd, FA, F8 T2 /3 Z459%, sanguinarine,
bisbiguanides#| 2] thymol, menthol®} Z& essential oils°] ¢t} (Ciancio,

1986), (Lusk, Bowers, Tow, & Watson et al., 1974)

O bisbiguanideA¢! chlorhexidine disgluconate® @A 7}b& wWo] A}&x 1 Qe F

BARA FEATOEA AW, B A} gom AxAn Az mFe] ¥
Aeo] woluke AAS WEHE Fdel i Wi, o] sn, o} Ha o, T

[e]
AR A w8,

(Renton — Harper, Addy, Moran & Doherty et al, 1996; Moran, Addy &
Newcombe, 1997)
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ol
1o
A}
o)
o
)
N
=

O dextranase: X|®] A% Streptococcus mutanss©] A3  (1-6) linked
glucan®! dextran< F3) 3= ars 2T %] & a (1-6) Glucan
6—glucanohydrolase®]t}. 1960dthol| Fitzgerald S°] TEAHS Ealo] XEFA
= A= LAY A= s A= A8
el o AldEo] AAISHE nondextranous plaquecls EI7F glthE who)
At (Fitzgerald, Keyes, Stoudt, & Spinell, 1968)

Y

2 W olF PAAAA FEYROE Hol 2o

O =592 4F AHAl 540 ¢duy 4 o @70 &Zedd e FadAd
§

e Th (Hull, 1980)

(O Sanguinarine Sanguinaria Canadensis® 7oA +8]¥ sanguinarine®]&}l=
alkaloidE& 72 5 FdHLAE 7HAL Qo] FAYA AR AMEEHo] gty v
T AgH A 779Nk (oral leukoplakia) 39 A@Ad Y 7 ) 2439 HE
Hol vy el okmrt Astdvkes #AHo] BuEQth (Chung. Choo, & Lee et
al.,, 2006; Goodsen, 1989)

O Essential oilo]l&, 7|7} vi= AEdA Edoz e 3HA 24 42
t}. essential oil 2 #FF WA, IAE, &, vlF, AA|, FAE FOFE 0|8
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FHom A F Qe AP EEe] AHH R AvHu g @A A7H L 9l
= HEFEeEe Y sAFEEd EdFEa e, ol Aed9l, 2001)

O 2 AFelAE ofg] AT FoA A4 el H2sh] 41 oId 4w
HEAS TFHT Yo} AN AP F Zow egHe HFNEAAL

FE319th (Mayer and Hamann, 2002; Newman et al., 2003).
O E3] a2 ExLdFo|A sl ZFoll= vhekdt bioactive compoundE©e] EgHE o] Q)
o Fupolel A, g g o}, &, FFEAYE 7HX] compoundEE thF EZFHE] gl

t}. (Newman et al., 2003; del Val et al., 2001)

O 18y @A six7e d7nis vd gE

b

T, =F0|, yeastsol ot

G as dFHaE oy (Gonzalez et al. Unci T.NEY et al), T-2%xd F&
dEoF JfEslr] fste] Qs XN2ATWHA P ointermedia®} P.gingivalis®] <]
Ag e digt A= A Eark gl
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