\

>

4|2
(=]
v

FeuatuaNUIal
a ' CY U dy
TA39N19 “N13LATHNIA LU W DINNIEIN LaEITLAWAD D NTULALY Lk

e 1:9/ ) ‘{ 1]
WL Eﬂ‘l’iiy Lmzmiaammﬁm\a%'m'lw

AWANEAII1Y A9.AI5T AIONINIIOE UAZAMS

Y
W
u

25 WAINTYW 2551



Sy Q1482 MRG5080001

FewIdgauanugol

a 6 Qs ‘s o
‘[ﬂ‘id N9 “NITILATIIEH ﬂ‘iﬂl‘].l&l%fﬂ ¥:\) ﬁ'\ﬁ"l&l LLazmma%ﬁaanmmum%

5 c%’sl 1 = ’
WL E ERTY Ltazmsaammﬁma%amw

Vi v
ATWTHIVY

1 6 a an a Qv
N:“ii')ilﬂ"lﬁ@l?’]%"liﬂ A3.A357 @IDNINITH  NWIINYIFYNRIEIIAH

6 a a 6 A o
ﬁ']ﬁ@l‘i']ﬁ]"l‘iillﬁﬂi@]@]lm M9. 1&!@]% Q"Ylﬁ%@]@l NRIINYIQYWLIAI]

aﬁfuamgﬂ@ﬂé’nﬁfﬂmuﬂaanuaﬁum&umﬁaﬁ”ﬂ (8N7.)

@nunlunsnuiidusesise an. lidududesdudroaualyl)



UnAAga

ﬁmﬁﬂlmyj (Portulaca oleracea) — gninanlfiluamnysduazarwiidad
udsmslfidusnsnsnlsa LL@I%ﬂ%Qﬂ%ﬁﬂ’lﬂ"ﬁﬂﬂLLNuﬂﬁ]ﬁgﬂu&]’m%uﬁ’]lﬁﬂﬂﬂ“ﬁﬂ’]
ayulnInaianal Tun3358it 1iadnwasdlsznovuazUsunmaainsa luiwuasans
sangninsdinnludiudrsguesdnidolng de lu §1du uazaen lasdiamey
aendsznavluduuasdSunaleduuazntalvdusfiads gnsaludwanainedrs guas
sTmeﬂﬁqj ane luaw lasaaalswasy : lwnuea (2:1 viv)uaziianziesdsznau luiu
Tagldia3a9 latroscan asdidsznavaasnialuiuiinnzilasldinadia GLC Winunuss
a3 YSnmssdenaufiueda washlnladses weualsfin usziandng ms

NAFAUAINTIUNIAUABYNDRIY lunaaanaaaddie3® DPPH  radical  scavenging

activity, Hydroxyl radical scavenging activity,B-Carotene—linoleate bleaching assay,
Ferric reducing / antioxidant power (FRAP) assay, Total antioxidant capacity SRtk
£ o < o A A a & A a o
I]‘Ylﬁﬂ'ﬁ@ﬂuvlﬂmﬂ“ﬁ% LRSNIIATULUANILIY ﬂ’]i’)Lﬂi']z‘ﬁﬁ"liﬂizﬂ?JUW‘LLQE\W]I@UI"H
81382818 Folin-Ciocalteu LLa:”?Lﬂs’lzﬁmsﬂq'uﬂuaaﬂi@UI‘*ﬁmﬂﬁﬂ HPLC (DAD)
Ao , & o A A i A &
MIIBNUIN 89dUsznavved biuinufe Triacylglycerol Taiduasdisznay
vasladuninoainigaluluuazdndu Senadlugag 17-67 Wasidud lusuafia
Phytosterol (9-32 %) Phospholipids (10-67 %) L8z Free fatty acid wu'leiannzlugin
°1]Elx‘111J aaﬁﬂs:ﬂawaaﬂmvlmﬁuﬁwumnﬁa ﬂﬁjuﬂi@vtﬂlﬁ%%ﬁﬂ PUFA l]iZﬂa‘iJGT’JEJﬂSG]

12 O-linolenic (18:3n-3) Adn 23-46 WasiGuduainsa ludunsnue ludinse ludulu
ngu  PUFA  11niga (61.18 %) J098d3NAanan (59.04%) uazdndn (41.96 %) N3
1ol linoleic (18:2n-6) FUT=unth 26% VBINTA MNUNINUALBIABN IINNTINARDI
v = & o o . \ o & A &
uaasliiAwin asddsznavvesludnuaznsa ludiwludwdrvasdniislnglosdlsznou
nuandaiuadadipiAyn19ada (p<0.05) sIlsznauiuesia aglutii uaz 5.69
0192412 GAE mg/100g @8t @u&ey Tanwuunfigaluly  wewalsfin uaz
a A A A - . ' 2 2 o o A
A Aud Jusunmarlugig 29 G 58 glg uaz 227 119399 Lg/lg MNAAL TInuan
A a oA a A A A . . A . .
nyaluly PSanusinguiuelaiwuanfigafa gallic acid 389833178 catechin acid
War  tannic  acid NMINAROUAINITUNIIUBRYABATZIINEING 9TANUFINTD
uwandnuadIlisdAyneaia (p<0.05) laswuiiaendfanssunisduayyadas:
ga@@ﬁmmimaauﬁwﬁi% DPPH radical scavenging activity ( IC5, 0.006 mg/ml)
Hydroxyl radical scavenging activity (ICsy 0.23 mg/ml) LLae Total antioxidant capacity
(37.99 mg/mg) lwaniznly  ARanssumadueuyadaszgiga 61693 B-carotene—
linoleate bleaching assay (37.99 %)uaz FRAP (0.49 Wmol/g) U3unmansdsznay
Auadadanuduiusiuianssumdiueuyadazdisis FRAP  wnfiga (R = 0.948)



minasaugninsdwlnaatuangundsg wuily Senususnlunsdunniing
Lﬂfumﬂﬁ'q@ (p<0.05) 389893178 ABN LATAIEAY
mifnEmMIdukuafisevesasaiaanguds guasinidolng drovingu
UnaaiTe, lofiauoanagad  95%, Laniau lagnageumstutouuaiise 5 o ldun
Samonella typh , Eschercihia coli O157:H7, Klebsiella pneumoniae, Vibrio cholerae,
Pseudomonas aeruginosa mafﬂaaummLﬁmﬁuﬁwq@ﬁmmmEl'uﬂv'om‘m%tymaaﬁ;auﬂ

3¢ (minimal  inhibiton  concentration:  MIC) LAzATIAFD AN NTUAIFAVR IV

[
A a

A € . .. . ' a ' '
LIBa3aWNIE (minimal bactericidal concentration: MBC) WUIMRIIRNAITNRINEG VDI

Do -

nnidelngfsnadis ofiaueanagas 95Lalldud LaNITW FININGULINIIIYDVDI

a A a n:l' o = U = o L% d' a

wwafiFennofiafivhnsanmld anamsfng sunsaihlddszandlsifeniuguad

wNINAalIAlNTEINIZO1RT e

aAav v & Y ¢ A £ = A A

laoayUns3dod waasldiuindnidelngfisseengniniedininid

Y A ) o A Y = Aa o a

anudag Aoiluwunasrasnialuduwrdalawiay asdsznauiuade wdualsfiu

wadondud  anwamansnlumadumdueyyadazuszmadudinaifaliaiwinim
A ) ') & A v & & AA A v A

RIDNIIEW INALATH TINNINAMNURINITD M TTUEITanuaRSNnalwAalynluszuy

MaLaueImY lududd guasdnidalrgfanauandrenis



ABSTRACT

Purslane (Portulaca oleracea) has long been regarded as a food and medicinal plant.

We investigated the fatty acid composition and other bioactive compounds of Thai
purslane. Different purslane fractions were further examined for antioxidant,
antiglycation and antimicrobial activities. In addition, the composition of phenolic
acids and total phenolic content of Thai purslane were also determined. The water
extract of leaf, stem and flower fractions were measured by several in vitro systems
of assays, namely DPPH radical scavenging activity, hydroxyl radical scavenging
activity, B-Carotene—linoleate bleaching assay, ferric reducing / antioxidant power
(FRAP) assay, total antioxidant capacity and identification phenol compounds by
high performance liquid chromatography with the UV-Diode Array detection.
The results found that triacylglycerol was the most predominant lipid component,
followed by phospholipid, phytosterol and free fatty acid respectively. For fatty acid
composition, alpha-linolenic acid (18:3 n-3) was the most predominant fatty acid (23-
46% of total fatty acid) and mostly found in leaf, followed by flower and stem.

The extracts of different fractions were found to have different levels of
antioxidant activity in the systems tested. The leaf extract showed the highest value
of antioxidant activity based on DPPH radical scavenging activity, ferric reducing,
while the green flower extract showed the highest value of antioxidant activity based
on hydroxyl radical scavenging activity, 3-carotene—linoleate bleaching assay and
total antioxidant capacity. The predominant phenolic compounds were gallic acid
followed by cafeic acid and catechin. For testing of antimicrobial, we found that
antibacterial activities of bitter gourd different fractions were tested against five

pathogenic bacteria. The fractions were extracted using 95% ethanol and hexane.



Antimicrobial activities of the extracts were determined by the minimal inhibition

concentration (MIC) and minimal bactericidal concentration (MBC) against five

species of pathogenic bacteria including Samonella typhi , Eschercihia coli O157:H7,
Klebsiella Pneumoniae, Vibrio cholerae, Pseudomonas aeruginosa. All bacteria
tested in this study were found to be inhibited by the crude extracts of bitter gourd
fractions. In conclusion, the results of this research could be applied to control
gastrointestinal pathogenic microorganisms.

In conclusion, this research has demonstrated that Thai purslane could be considered
as a good vegetable with high omega-3 fatty acid content, providing good antioxidant,

antiglycation and antimicrobial activities.
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1 aﬁ'@ﬁmﬁﬂlmyjmﬂﬁuﬂuﬁmﬁu 2 MuWuT dredvhazansdunid uah
syananlaandeszimysunmlusulas Gravimetric Method (Sinclair et al. 1992; Li,
1998)

2. Jenzifiunmeinia lndurialawimamunaznia ludwsiadais g lag

mefialasinInnidasiadas Gas liquid chomatography (GLC) (Sinclair et al. 1992;
Li, 1998)

a 6 dg‘ a 6 £ 1 U =4 a a =) L% d'
3. AATTHRRIILOUADANTUAKY LauA LUFualINe uazdianiwdlasltiasas
HPLC (Liu et al. 2000)
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ANRNUARUN U NTENTINWIING TIANAT1ZAUN 2 1389 a9k
1. Tal304NANAiN9=ARNUAN  Antioxidant activities of Thai purslane (Portulaca
oleracea) leaf, stem and flower fractions extract in vitro
TIE1INANAINLANNN Food Chemistry. (Impact factor 3.025)
2. TalsaIneainaz@Run Omega-3 fatty acid content, antioxidant and
antiglycation activities of Thai purslane
TanvenInaainaz@nuw Asia Pacific Journal of Clinical Nutrition

(Impact factor 1.105)
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1. aniiie vl

2
L =

nnielnal (Portulaca  oleracea  Linn.) wia Ana1las wiaTaadyd1 Common

v

v
=

Purslane  Anidslngwiadnaldnduisdugndrduiaoudlyanaiudnes Usznnmso
wfasiduarutisouFisuasluaeidssunll’ Rwduluwszlunweluirlueen
anudagaanasaalnumuds anuuiiuds avswguudlouds umiduae uidawn wiuxa

ANLEULIN (ﬂaawqrmma@ﬁ'mﬁm http://www.doa.go.th/botany/portole.html)
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NﬂLﬁJUlViﬂJv L UITNINUINRIRRIYNBTNINGT 120 1ha  LdwdrsNonwuNnil

q

oudu 8 vaslan awnsnaigidvlaldluaniizuiedenilidasandunisguaniniin
Anidelnggnihanldiduamsuyeduazamsdainuiiinisliduninmlaa(Obied et al.
1 b v b J o v v v a v
2003) udluifagtuiimsldouauiatiuinnauimlinslsmayulussatesss annuide
: ) = e A PR A dAa & Ao o A A
Avuszing von aamml,aﬂLLa:quﬂwuawwnLuulﬂryLﬂuwwuaaﬂﬂi:ﬂawmﬂry fa Inse
7 . . . = f = ¢ o & P Lo a
lusiu Ot-linolenic acid g487n 9 40-60 Lasidud vasnsaladunimue Sannnidnluden

ﬁﬁ@%‘lus] (Liu et al. 2000; Simopoulos et al. 1992) Ol-linolenic acid (ALA) \Junsaludn
sialawisundadunselagusiansuiudosrane G'fiwmmﬁaiwmﬂmg‘,wﬂﬂmmm
Fuanzilafinifisdndemnaiudvladewauinisuazmitlosiulsadneg ilesan
ALA Wnansasdulunmsssiamzvinialagulawmausianaadiunia leud EPA,
Docosapentaenoic acid (DPA) L8z DHA %aé’?’aumﬂwu‘luﬂmﬁﬁﬂLLazﬁ'@l’fﬂ:La waelad

1A 6 1 U . '
Nenwiidseslamidanstlasnuliad g



ﬁﬂLﬁUI%fijLﬁQﬂéiﬁ%a’i’]Lﬂua’m’l‘iﬁﬁﬁﬂﬂnw\lg{d “Power Food” Lﬁaaafmﬁqmmma
mmigaLmzq@ﬂﬂﬁaﬂmsﬁma%a‘émzfﬁa laud Jandw Lo, T, 8 uaziudualsfin (Liu et
al. 2000; Simopoulos et al. 1992) %aﬁmﬁwﬁ'Lﬂ%ﬁﬁi@?ﬂuawaaai:é'mﬂumLmﬁﬁﬂﬁl,ﬁ@
Tsawala w239 usslsnfiniBodnag Gauaaasannsnf 1

dl a dQ/ a 6 s o I3 1 1 a dq, 1 s
3N 1 Ysanmensuandeanduawiuaznsa lwauiniudaiameludndelwy uazdnua
(BUNU 100 NTY IABNRNES)

- Chamber —Grow Purslane
NNV (spinach) Wild purslane
(mg/100 g fresh weight)

Alpha-tocopherol 2 12 8
Beta-Carotene 3 2 2
Ascorbic acid 22 27 23
QL -linolenic acid 48 341 322
Linoleic acid 10 97 70

ﬁm: Lorgeril and Salen, 2004
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2. N30 [
nyalwmilunsadunisanulwluiuodneie  wazludwdlsznay e ludunnen
Usznaudiy a1fvan lalasiau wazeandiau gmimﬂﬁ;ﬂﬂmaoﬂmhﬂ'u fa
CH4(CH,),COOH & n fdnasud 2-24 Taarinluansuanozaan ﬁ'mﬂummﬂﬁaé’mi 2 3wl
1% N3A0sEAN (acetic acid) WiBNIAUIFY (CH,COOH) Lﬂumﬂvlmifummaqmﬁﬂﬁqﬂ
audn@azliwunialuiudsszlussinmd sulngazwuaglugdlanfivalsdruiuluiu
THadun n3aludnazuandsnu 2 Uenisie anuenpesriaslganiuswLez I ATa9IA Y
Buen
2.1 Y321n1n289n3autiaNanNenuednlgasuan snansaudinsa budu et
3 ngw
211 nsaluiuna92. Towwnadss (short chain fatty acid) 1fwnsaluguid

ANTUAK 6 A1 wIakaLNIN



212  nsaluduriaes. Tgwuianany (medium chain fatty acid) tHunselusdud
Jasuan 8 - 12 a2

213 nialagunas7. Tdawiapna (long chain fatty acid) tHunselusudii
AMSuan 14 - 20 a2

lagusrnunluonnisezsznaudrsnsalduiielawasni Gennuenives
To# fanswadannuamansavasliulumsazaesin Tasfingeludurinelsuumaenndsmwy
Tuawnsnaly a=ldazansluin loduviaslsrwasuwuazswanaisazaunsaazasluin
i usinlulduasuazuu

a >

e dudivaleiu Sunumadyivdnsuenisneonin luduiiduda
lasunaziviglsauias %’aﬁam‘wLﬂumaaw‘ﬁoﬁqm%gﬁﬁm v laduny laduia
Iumm:ﬁvlmﬁ'ﬂ&i‘émﬁ’sgaLLazﬁ'ﬂﬁmﬂﬁﬁmmﬂﬂa’mﬁ]zag’luamwmaamm 15 inaTwtannw
iduuznan 1w

22 nialaduutsaonaunuduea (degree of saturation) swIIaULIEEN 2
Uszinn fa

221 ninladudue (saturated fatty acid) wanwfisnialaduienfvaulu
luana ﬁ"laimwu%’mm:ag;Lﬁw‘ﬁLLEWL&]mmm%’uvl,a*[mmuﬁﬂvlﬂu‘[uLaqa"lﬁﬁmlfumaa
Asuan %:L‘ﬂ%LL”ﬂ%LaEJ’JEh%&l’]ﬂ%zﬁ]%lﬂ%ﬁﬂ’]W’ﬂE]\‘ivL?lﬁu‘%dLL%G&WULf}E}Qﬂﬂ’J’IﬂJLSuLﬁUG
dnstos nyeluawnandiaudail ﬁgmﬁ"’;vlﬂ A9 C,H,0,(n=4,6,8) n3a lusiufisailunsalusin
AU 11w nIRazdan nsalwsflafin nsadafisn uew

laysupasgaiunszinsaludududarunnitluiuiinianaimswonfisuas
Uan snciwinduwuewin definseladududlulSunadionn nsawiadan unyeluin

Suﬁqﬁwumﬂﬁqﬂluﬁﬁm'}a I@mﬁ:myagjiﬁ'ﬂﬂlu"lmﬁ'unﬂmﬁmﬂszmmﬁ?aﬂaz 10 09 50
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| o

L d'd C d'a' s a dl' ai £ 1 a a
209030 lpdiundagninue nialadundudrrfiaduiinuuinsesasunldun nyaluTaiin
LATNIARLALSN
2.2.2 nialuawliduel (unsaturated fatty acid) wansfdnIa lauilansuan
IuIaJLaqa Flalasannauime ladaun mmm%’u"l,aiml,ﬁ]m"ﬁﬁvlﬂluiuLaqa"lﬁﬁﬂ WU D
& 4 D , S o A o
asuandnsuuwdsiuazuang druanazagluaninesihdu Saduveaunad nyalvaiu
A % Ju a a £ J U A a 6 o [YV-N A = o U
Ligudriiiniianseandiatuinldite egneandladzvinldiiansfiu avildsa
uaznanAald wananirinlddainnazarsluladwdeldds da Sa1inia Fandua
F0ndud wazdanfivia nialudulidudit igamaly fa CHy 0, %38 CHysO, NIA
> |nl % ‘:s‘a; :’ > =1 :’ > % 6 q'/ L% “:' L% 1 vV &
lusiwlaiduarwuanluwsinaduwie indulan wazsainzanly nya ludwliduanslaiu
2 1521nn Aa



2221 nialadnlidudanitedunis (monounsaturated fatty acid
MUFA) @a ﬂsmimﬁu‘éwé’qﬁﬁmu@; (double bound) LHg4 1 witd lugaslassaine 1iu nim
lawadn (oleic acid) NTanALlaLadn (palmitoleic acid) NSAIATAN (vaccenic acid)
2222  nalwdwlidudmansduniie (polyunsaturated fatty acid ;
FUFA) fa ﬂ‘mvlmﬁuﬁvlaiéué"aﬁﬁwuﬂﬁzau,@i 2wty iiunya lusfungulawmana uas
naludungulawimn naaladungulawimn fignanldun nsa'laluadn (inoleic  acid,
LA) uaznimazmilaiin (arachidonic acid, AA) dunialudiungulawmay laur niala
Tuiafin (alpha-linolenic acid, LNA)luifagtiunsalusdiungulawwiiay fiflenudany waz
Juiaulavastininemaas 3 2 2fie a0 nalolaswuazdlusn (eicosapentaenoic acid,
EPA) uazniadlaoianezdludn (docosahexaenoic acid, HDA)
2.3 MIuLsdTzAnnIa luduaNaNNFaInTUe9sI9Me
nalwiuiiloutsaanauanudasmsassneme uield 2 dszanae
231 nialagiusilu (Essential Fatty Acid, EFA) nsaluaiufisnindasnane
wupds naluduiiseneldaunsagauansiiasld sududaslasudlyanainisf
151ne delaunloiuliduds 2 wfia @e linoleic acid (LA : 18 : 2n-6) Wwag Ol-linolenic acid
(ALA ; 18 : 3n-3) N3ang 2 mﬁw%aLﬂuﬂsmvlmﬁu"l&iﬁwﬁaﬁﬁ‘hLﬂuLLazﬁm’mf%ﬁﬁfy@iaﬁgmmw
Usznauann wusnnluiteifafmuaziusafieringu (L and others. 2003 : 225:262
Siriamornpun and others. 2005 : 162) iiunsaluduiifianuiaydemnataiiulazas
mouazdanduntaloduasdulunisssanzdnsaludu lgonfsdysiadudnday
(Simopoulos. 2003 : 405-412) n3a lususun 2 m:gaf: dasamelasudnlaansa
ildaadunsaleiuiug wazanfidanuddydeiiime laslignsamaunudia
asznany nanda niatalwadnihluainialalalawnuunlaluiaiin (dihomo  gamma-
linolenic acid ; 20 : 3 n-6) NIAazNTLadin (arachidonic acid ; 20:4 n-6) LAZNIALBALIAN
(adrenic acid; 22: 5 n-6) &wnIalvawlalwainildasensa lalasinuazdludn
(eicosapentaenoic acid; 20 : 5 n-3) %38 EPA n3alalaaiwuazdludn (docosapntaenoic
acid; 22 : 5 n-3) %38 DPA Waznalalaaiansndludn (docosahexaenoic acid ; 22:6 n-3)
%380 DHA
232 nialagwlisnin (nonessential fatty acid) fa nialuduissmadas
Faaewiulaios 1w nsaadilawadn (pamitoleic  acid) waznsalaladn (oleic  acid)
wumﬂﬁq@lu"lfuﬁué’@’il,azm{ﬁﬁumw%n Foazndnlaamaasoaslbiiaduionay
(#55 @owsnism. 2548 :  142) lapnsaladuniieiie=daasziann CoA 1o

amai"uaaﬂmvlmmaummm LLazLuﬂLUavL?lﬂJ%
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2.4 n3a lvdn lumany wae lawwmnn
nsaladulawray Agdaldun O-linolenic  acid  (ALA ; 18 : 3n-3)
docosahexaenoic acid (DHA ; 22: 6n-3) eicosapentaenoic acid (EPA; 20: 5n-3)
wa docosapentaenoic acid (DPA : 22:5n-3) lag ALA unsalusiufisniudaronmeny
wn Twihdwendnuazidafiounssiia §a% EPA waz DHA wuannludan sihdudanuass
fasnzianaly dau DPA azwusiulwaludan iedasuazninsiuefiiloda T (Sinclair and
others. 1992 : 77-83 ; Sinclair and others. 1998 : 116-120) %dﬁi’]&ld’mfﬁﬁwui’l n3a
lodw shalawiauianuiandesiene wwsarsnilasnunisiialinans g laun
Isaviala lsawwnu lsauziss lsanaaaifonduas LIudu (Young. 2003 @ 124
Simopoulos. 2003 : 405-412)
naludulawimn (n-6) Snanpsdia daulngldannameayluaimisfian

MNIRUAT Usznauaag linoleic acid (LA), Y-linoleic acid (GLA), dihomogramma-linoleic
acid (DGLA) uazni@luat arachidonic (AA)  &1UNTANIZLHINRIIINANAIWINITS LAz
=< ?,/ A < [} g/ G a . :/ e ] [
GLA mmm@@wmﬂmuuwwﬂﬂ \Tu diauwaanwiulsa borage oil WAHINUIINDI U
ﬂ'm"lmil'uﬁ'oaaaﬂfejuﬁﬁuwm‘ﬂmﬂn*’ﬁmm‘smms@iaiwmmumashomn A8
HudairualdifinansnnisiaeanBiate 80MININATLNEIWLAZNITRTIINAIIH
d‘yﬂf I3 a dl [l e a 1 U a
uanmﬂummuﬂwwmmnmqm%gwaﬁwﬂw wonlaadszan waztlasnu
MINTENUNINon Vadtiholdavadsneanig (Sinclair and others. 1998 : 116-120)

2.5 anusayueInIa lwaw lowiamuuazlawiign
nguvasniatusiuiuduns 2 wfia de lawdaw (n-3)  uazlawdwn (n-6)

nsa lsinlawAinan UYsznaudle Ol-linplenic acid (LNA) eicosapentanoic acid (EPA )
wazdocosahexaenoic acid (DHA) niabuiulaiwmey (n-3) wunnluasdsziandan
LazFaTnzIainanAAnLNa IR o nuaz I NI 87T wo 1A ﬂﬁ]'cgﬂ'uﬂm"l,mﬁuiamﬁmm
Lﬂu'ﬁmau%’ulumammwnsT’hmmm%'mmmﬂ'ﬁ“uaoIsﬂVLmﬁ'uq@ﬁuluLﬁuLﬁa@LLa:Iiﬂﬁaa@
Aeauasudsuazaule wanannil DHA gelanudndudanisnawIszuyaNed
JTUUMINB LAY sawﬁv’aszuuﬁuﬁufmaam‘sﬂlumsﬁmsm lasianzluszor 3 Waugaring
Aauwanaaluis 2 970 Gemnmsnaensaluguit asvnlvmswavesTzuLsinaRalnd
16 luameidoinu TaLuﬁ”ﬂawﬁaﬁmmfwﬁaﬁ”ﬁaswugﬁﬁuﬁ'ﬂuiwmmﬁ"aﬁI@ﬂﬁuwnﬁ
uwuzihldvilnaladulawdann d3anm 1,000 Hadniuau idumstlesnunisgaduaas
waaaldan uazlsanala (Sinclair and others. 1998 : 116-120)

nsalwiwlawiivn (n6)  Anarevhia srwlngldanmannaiylweinis

N3 nidunT Ysznaueay linoleic acid (LA), Y-linoleic acid (GLA), dihomogramma-
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linoleic acid (DGLA) LLaz arachidonic acid (AA) uaﬂﬁnﬂf:ﬂ'awmﬂ AA mmsnﬁaumwmty
NamIWINLie uas GLA mmsng@%umﬂﬁwﬁuﬁmﬁ"'ﬂﬂ % 119 uaan primrose, borage
oil LLﬂz‘L{ﬁﬁumﬂa\jmﬁ (Simopoulos. 2003 : 405-412)

ﬂm"lmﬁuﬁdaaamjwﬁﬁuwmwmaIn?jmmsmmwias’wmUﬂumashamr]
aradratgn luartivualdliadanisiiaaandiatis 90 3INIIRINAI NI IBULEZNT
RININAII uaﬂmn‘ﬁﬁuﬂuﬂﬁ]ﬁ'ﬂﬁmU%’ﬂmqmﬁgﬁmaaiwﬂw wonlaadsean was
flasfin mansznunszifieuvediiiaifiavesiiane (Li and others. 2003 : 225-262)

NN 2 anudagveinia lwauwsuiu (EFAs)

[ a dld 6
N30 LUt TR IAINA sz load

i 52
o g o - ] Aa

a v & A =3 1 ~
VLGI%LaElﬂ(LA) IaL&Iﬂ’Tﬂﬂ LU uNTIIND IR N BT 1T IR a’]%%%dgﬂ

q

NI launan  |uznan WRwilu GLA le
& A L, a ¢ & o @
WAANT D699 naalalaowasd T9dALY
unus-lalwdn  (Tawfiwn iduuaTe winliw dagunwisznauysziniu
(GLA) lawmwn e, i Tuamen AAlUs1uIw
2:Tladin (AA) tantoss1iduwd 1wy

WAIWINITVRINSNIUATIA
weif laiguudn Hwluduia
WNTIZANT

lasuanniiuluazifianaie
Tdwnzirldlfiduannsg

L&YY
savr-lalwadn [Totufarududnludenidueie gun1wdsznavvediala
(LNA) nsaladunan  [uWEnd snduiuiaiae URENMERES TR R
3ud i duenTusn,|JosiuuziSouazdungnyd
DABNUAZLTITAWN swsauasuiu EPA uaz

lalaoiwud|lawmany s lagw 1 11141|DHA
3ludn(EPAMAS WTANEU LNALABLIA LZalHEa lalaTuand gUNIN
lalawiignan el lasulewUsznovvasiale dasnu
3ludn(DHA) faw a1y VLTI UAZWAWIRNBI/NIT

YAIAUVBINIIA




AN 3 nIaliusiads

Foaiy A AND ® Tonenans
CODING NAME

SATRRATES
Myristic acid 14:0 Tetradecanoic acid
Pentadecanoic acid 15:0 Pentadecanoic acid
Palmitic acid 16:0 Hexadecanoic acid
Margaric acid 17:0 Heptadecanoic acid
Stearic acid 18:0 Octadecanoic acid
Arachidic acid 20:0 Eicosenoic acid
Behenic acid 22:0 Docsosanoic acid
Lignoceric acid 24:0 Tetracosanoic acid

A *DESATURASE FAMILY

Myristoleic acid 14:1 n-5 9-tetradecanoic acid
15:1n-9 Pentadecenoic acid

Palmitoleic acid 16:1n-7 9-hexadecenoic acid
17:1n-9 Heptadecenoic acid

Vaccenic acid 18:1n-7 11-octadecenoic acid

Oleic acid 18:1n-9 9-octadenoic acid

Eicosenoic acid 20:1n-9 11-eicosenoic acid

Mead acid 20:3n-9 5,8,11-eicosatrienoic acid

OMEGA 3 FAMILY

Erucic acid 22:1n-9 13-docsosanoic acid

Nervonic acid 24:1n-9 15-tetracosanoic acid
Alpha-linolenic acid 18:3n-3 9,12,15-octadecatrienoic acid
Stearidonic acid 18:4n-3 6,9,12,15-octadecatetraenoic acid
Eicosatrienoic acid (ETA) 20:3n-3 11,14,17-eicosatrienoic acid
Eicsoatetraenoic acid 20:4n-3 8,11,14,17-eicsoatetraenoic acid

Eicosapentaenoic acid (EPA) | 20:5n-3 5,8,11,14,17-eicosapentaenoic acid
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A1319 3 (69)

OMEGA 3 FAMILY

Docosapentaenoic acid (DPA) 22:5n-3 | 7,10,13,16,19-docosapentaenoic acid
Docosahexaenoic acid (DHA) 22:6n-3 | 4,7,10,13,16,19-docosahexaenoic acid
Tetracosahexaenoic acid 24:6n-3 | 6,9,12,15,18,21-tetracosahexaenoic acid
OMEGA 6 FAMILY

Linoleic acid 18:2n-6 | 9,12-octadecadienoic acid
Garma-linolenic acid 18:3n-6 | 6,9,12-octadecatrienoic acid
Eicosadienoic acid 20:2n-6 | 11,14-eicosadienoic acid
Homo-Ol-linolenic acid 20:3n-6 | 8,11,14-eicosatrienoic acid
Arachidonic acid 20:4n-6 | 5,8,11,14-eicosatetraenoic acid
Docosadienoic acid 22:2n-6 13,16-docosadienoic acid

Adrenic acid 22:4n-6 | 7,10,13,16-docosatetraenoic acid
Docosapentaenoic acid 22:5n-6 | 4,7,10,13,16-docosapentaenoic acid

2.6 Thava lvdwlwans
lysdupasorwsusivausiavainsaladnle 3 viia g g fa
1. Saturated fats
2. Monosaturated fats

3. Polyunsaturated fats

luﬁﬁ]ﬁgﬂ'uvl,@Tﬁmnmzﬁﬂﬁﬁﬂwsu%InﬂVLmﬁ'u"LﬁLﬁu 30%  VAIWRIIMUNINUQ LT
saturated < 8%, linoleic acid>2%, alpha-linolenic acid >1%, EPA>0.1%, DHA>0.1% a4
WRINUNIRNA uazliwasnuninieniannnsa lusiusfia monounsaturated  fatty  acids
(Simopoulos, Leaf and Salem, 2000)
2.7 Uszianvaslasnladuanansauwtslszinnaan oy 3 Usznn fa
g . .. A 6 [ % 5'6’;
2.7.1 lasiusyIuen (simple lipids) @8 LaanasueInIa NUAULEANDTDA Y
A = (% a A g’ % % A [ 6 % 6
fa nalmasan azlassdsznavlaiwnIatingw wulwluduwannsuazsad waoLaanagas
Lo . ¥ e v o4
Duwanaw ldlondimesaaazlaly (waxes)  trulaannis andnd ludwuazinauiny
I@mﬁﬂﬂ%ﬁag 3 31 fa
2.7.2 Tulundiwalsa (monoglyceride) Hwluiuniatirauiiiinannaivases 1

T,maqa JUNUNTA LUN 1 le,aqa
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27.3 lanfiwelse (diglyceride) Iuluiundarindufiiiaan ndimoses 1
lutana MununIaludu 2 luana

274 lasndwelsd riglyceride) Iulusuniasinduiiinan naiwases
1 Tuana Manunseladu sluana Lﬂugﬂmaﬂmﬁ‘uﬁmgﬂﬁﬁimmﬂﬁq@

2.8 lsiuiB91sznay (compound lipids) @8 LamnasradnIa kUt uasLaanases
meﬁmsﬂs:ﬂauﬁmmagﬁm wiw aslulaesa Wasmnn wieasdsznauwinlulasian
luswgedsznavfiddglulnmuinisuywd dud

2.8.1  wWealwWadtla (phospholipid) Lﬂumsﬂszﬂaumaavlmﬁuﬁssumﬁﬁ%i
Wasinauazasusenavlulasian 1w 1ad@w (lecithin) Tultuas iwwW18u (cephalin)
uazaalnuaadu (sphingomyelin) luaas

282 'lnalaatla (glycolipid) uansfidansTulaiasaniotinana nalag
wiamuanalaanuag uannitannnialuduuazlulasian wugwlnglwiloilosuas daviu
fanmNN39Buna i3 lusle (cerebrosides)

2.8.3 lalulys@u (lipoprotein) waned "Lmﬁuﬁﬁ*[ﬂiﬁmwagluimaqa WU
Twihdearnmifanasladunmans ldGssaues guasimasiasame

2.9 ouWusludu (derivative lipids) falusiu fledanmsuanaavasludnaineing
vz luswgasznaulsuwanitleun
Waalw&la (phosphplipid) filuimasiuazdainnaia fUsunonniui 2 509
a’mﬂmvlmﬁmﬂumsa‘hLﬁflm%'m%'umaﬁuauﬂumﬂmﬁugﬂ%ﬁaﬁLﬁua:auvl,ﬂm'wma
fignan 9 laur Wi (saphalin) aWslndiaidn (sphingomyelin) 1a&@u (lecithin) ladu
(colin) wWawlWalla Vlmﬁuf:ﬁﬂwuaQsmﬁ‘u%m%ﬁ@luai’m:@m6] lugaainuananany
Faiuduladuiitenuidmunlay
1. Dulessate (rwnuldsin vesnisoasuaziraseasuniuas uilw
Iﬂiammzd’mmaﬂﬂsaw,au"lfnﬁﬁ@a@lﬁgﬂLLU‘ULLa:muqmﬁmﬁ‘umwﬂﬂamawﬁaﬁ
vinninfiasflwlaiuiissaw
2. a‘inﬂuém%’umsﬂaUms@@%uLLaznﬁmudmﬁmmﬁﬁmnvl,mil'u
waztaovnlimadmunsasiinsaladwldlH 53 u v weslwadaduwluguisrusuinlea
aninlududszinnan I@U“?’ia"mﬁL'fluwaawa%’alui&lLaqamaw\IaaIWﬁJm:%‘uﬁuﬁﬂ
wazdufidwluiwazsunuluiuean eunimwistisvwaslasunsluiene
3. udndsznavaesden lasmuiulusauludansindisg fu ni
Tunsvussansamsiduloduene olu Faaas szaunaalWidaluifonvesaudndony
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a = Qo 1 aa an v ‘3’ o Q
20-50 1 2zi)szanm 250 NRANINAOLATAGS waaiwaﬂngﬂaﬂwmngﬂmmsﬂumu
wazazldgnavldduoaduaailaibedu g ilasnnisadudazsiia sunnaienaslnidae

fwsuldiasla
4. FAREDAUR WAL LT mﬁauﬁ’mwumaaqdawﬂa@ ﬁﬂﬁwﬁf\maaqdaw
liGanuvazmala
ABLARLNATAA (cholesterol) Lﬂumimmsﬂizmﬂmﬁuﬁﬁgmﬂmw%a

& ' v @ o &g A ) o ¢ A
Wuaiaatas Tag1u1In A WR I BULATIINEY wuvl,@ﬂmuawauaxmm:mammnﬂmu@
a A ' o . A = N a a o o v o v XL
TudSunnnandrans lawuluns 1HuwsiaaTaa0d 190 NHIUNIIE LR 16 aNHmEAaTLUN
1 uUas > J
FU10 swamwmgwﬁmmamaammaa 2 7119 A8 INNNTRILATIZAUULEY (endogenous
. Y - 1 [ J (%
origin) WAz lATLUINNBINIT (exogenous origin) I9NERILATICHABLAFLNOTOAT LI bHNTT
v 1 a J U { Qs o v { {

R39 ABLARLNETAR WM UIAATRlaaaaaIaT lauNduasrinrinfilfsunatagainatas
lﬁLﬂuﬂmﬁ’]ﬁLLazﬂmmﬁﬁ]zgﬂLﬂﬁﬂu@ia"LﬂLﬂumﬁama s?jaﬁmhﬂl%ﬂmﬁuLL@nﬁaLﬂquLaqa
= = @ v & a A v & =
Lang LLazgmmmqmamﬂmmu U3 MU BINALARNDIDANITINMURIIIUL =N 15 D1

e . o ' A o A A v . o = AN o
20  NNADIW EIWNIIINNYLATUIINANWIITINGY 0.3 NIUFEIW TInaLaFANaIaan L
mnamssnlrgiiluaaiasinasastasines LLazgﬂﬁumUaaﬂluamwmaoﬁﬂﬁ 2
ADLARLVIOIDN slmﬁamaaﬂuﬂnamqi:%dn 20-50 1) 9152010 200 HARNITNABLATANT
Aa ' ' v & A ' A
ﬂaLaamasaamaQlumammmaaaﬂ[wﬂu 2 TRAGINAMNAU LY A
1. Low density lipoprotein cholesterol (LDL-C) Wuaatagiaasaaninanu
WULUUAT LDL-C LT SuduaaIn1sgiainchalaasaagaslan uastdwsiulsznauaasg
A338 wad1T9nel LDL-C  IudSunaunnau receptor Uil vi3atiaanuladndinng
msuﬁufmm receptor 38 receptor hitieInaazinliiAnanuiiaUnfvesrasalien
2. High density lipoprotein cholesterol (HDL-C) JJuasalagiaasaanining
%umulugaluluLaqamaaﬂamamaiaa%ﬁ HDL-C agiasas 20 tndTzaudInINazinne
A ' & @ A =
Resdansidulsaralanazn1izraaaidaanaand
1. UNLNRUNNUBIABLARLNATOR
1.1 1 Dwa1wlIzNaUTa I TaR IO L ANIZLTARITU LU TZ 8N ﬁﬂal,aamaiaaagj
17N
12 dusnsasduvainsainduazsasluuing Swiniealasian(estrogen)
waulasian (androgen) uazlusiaaiaalsu (progesterone) AaanIRaaslunTaIRBNRIIN bA
I & o oA o A A o )
1.3 1usnIasdurasminasslasnalarinasan mmagmmaamﬂﬂamm
Al fuwidudaniug 3 luliinis
1.4 1D uawInyaLdwleUszan
a & .. . < o A A A A A & %
lasndimalsd (triglyceride) luwlududnofianitanwuluifaavasnysd uaziziy
a A v & ¢ & aa o o & \ A
aadlainaimalsatuidaaazlmiduwnmyiniluniiditaasqn qﬂﬂaauuaglum’maa@gd
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A 1 a et =) U L = 6

Wi luananmIRasanszauaataainasaatuiien s1amelasulasnfwalsd 2 n9

da na v ladunuIlnadnluaglugiues chylomicron  triglyceride  (chylomicron-TG)
s o‘aiw LY d' a % & s v & .

wazannIFaaTzRNauanamsuilenuslaaeinld Texaazi laidu very low density

lipoprotein triglyceride (VLDL-TG)

2.10 wihfluazanuidmesludi
2.10.1 Husindsznavresnime lassaannaaasiazlumsanoasanas
Tasianizadrsdsludinnonnaan twadlusisnoninuaszdsznaudsluiu lugnd
'ﬁLL’ﬁaLLSJLLaz"L&iéT’smzﬁvlmﬁua;Jiﬁ”asla: 1825  wadmiine lummzﬁg‘*ﬁ’mlumauamﬁu
azﬁ"[mﬁ'uag’%aﬂa: 15-20 BaIUMING
2102 iwunssosnasen luduw 1 n3y lnasonn 9 Alauassd lunae
Und losuasldinasnudonas 40 VoIndsnuwnanue ualunnizanamselindsnuion
fovar 100 anladufiszanl3lwitadoluguiildfwi lugesiassen gadsrznmsluuss
Lmﬂagjﬁ"a"lﬂluﬂﬁmﬁ:a
2.10.3 Wuunasasdanduiazasluwluts LLaz*’ﬁ’mm‘sg@%maﬁmﬁu
ST 1T eI aduennn g B duaann isududm B dnausziuin
fsemelalalagmmaniiazian 1yl le
2104  flasnuniInsenunszfiansasaipiznisls "lmﬁ'uﬁagjsauai‘m:ﬁﬁﬁty
ol 1w Iugasen goarias v mdunmeilasiwmInsenunssilanaasaelzinaniis
2105 uunsdsvasnialuiusnin Salusindsznovveslassaantiogas
wazldlunisafoimasavas lagtanizag1eboludndanaana aann1sdnew wudn
nyalalwadndadunsaladuindusnssmamuagaoaaiaesealiiduing wazervsa
mynas LOL  lasduds wananiinsalaluadndisaalasnaimelsdluidan aanssuda
2YpINAALIDALATANANNABLARAT L
2.10.6 FuduswiumudulawszgumunmianitiveimInuazn
2107  swsnwdswiuaslulaesaussnialagwlisuiwldmiaone
ABINT
2.10.8 lwsduldfinistiotlasnumaiuanuianaanuaninaman1aiiInid
wznFarinanusauiian
2109  eawaamnasaadtdulun1sssasned provikamin D, adrenocortical
hormones, steroid sex hormones and bile salts
21010  WoslWadla wihdiiludiadndsioaud (emulsifying agents) 73
UszanTnwann Sadudiddglunsdesuszgadaladu uazrsldiaadiieinialodu

Tulle
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211 unadsradsinnwuaz laduainewiy  suuwneulssinnaiwiIniduwsuiiigie

16 2 wan

2.11.1 shauuaz lusiwannde uisiwnanaannaiuand guasng Lo
PNUUINANEIBLUEA 1T% WNATWNFNANNTIIING WWAAENE 971 D8RI DILNEDY LAZLNAA
ADNNIBAZIU ﬁﬂﬁuaﬁ'@mﬂmmﬁaﬁmuﬁ@ L YNAWNINANNNTNAN WINKI waztay
MAWINANL RN TWNES 1T% NN UNFNAINNENT LA WL AN LA NFIBNINY D
S e A, S o o A 4 o o o & = ) A o
WA Tans giawuaz luivandona ldondwlnld vzwii wazthau insaladulidudn
waznsalaiwiniduwuinniilagwaingas I@maww:ﬂ‘m"l,mﬁ'umjﬂamﬁmﬂ L
n3alaluiadn duvzlamitioantzaunalarinatanllioa waldalds Aaaa HDL-cholesterol
a8l uaﬂmﬂﬁwudﬂﬁﬂﬁuﬁaﬁ'@mﬂL&Jﬁmﬁmzﬁm@"l,aimaaﬂgaﬂdﬂﬁﬂﬁuﬁaﬁ'@mmﬁaﬁm

2112 laduwuazinadnged iwingunlaan lwanaed lwanazsulugaiias
lodu unsnuzduagluaioazdnag luduuaziiiunnuiadmsiug iou twe a3u (ldn
Wuu fusnionduluduean) luiuuazihiunndad iiu shduny Weny ata e
Wz 1Haln lUNwLas N wAINNRATULAN 111 WNBUIIRNAANLHAURT #IH %2 LAZHIITad
Ja1 need INIwaUUa anaanauaIlainzta

o - dl v & ] 2’ > d' 2 =1 6 I A g

ludagdudinangunuaasliiinin shdunldmndafdslombiigudaony
S o oA a o ' o £ o A a 'Y
VSPISTL me:uﬂmvlwuﬂqﬂamemu FIRINIDRATALLRLIVINTLAGLTaRlalan
TIUAATEAU LAINALTD L37 L LA aa I@ﬂmm‘mLmuﬁﬂm"lmﬁ'umjuiamﬁmﬂ lwdaguizad
maaLsﬁaa‘nﬂ‘*ﬁﬁ@"L@T

[ g; L 1 3 2K A o o o | 1 a a

muuﬂmvlmmﬂegﬂammmu Bfunundsaguazdindudanisiasyldvle
LRZWAWINT LN

3. a%agaﬁa‘s:

lIuFanasay da1Tuane a19LAY Y95 LLaza%aﬁaizﬁﬁNaﬂ‘szﬂmiaﬂ'rsﬁfmumm
aINUINTIN LRV AN ULFaNFNIWLAZLIARALTRG LT U159 LaAF NITLRANRAIW
YILTAR AINTI 13ALBENLRL 989 (Dasgupta and De ,2006) awaﬁmuﬂu‘[maqaﬁa

{ a { 1 v L= =Y =) ‘g U { =
araaNNidlanaIauaulatnItay 1 mimsiamauaﬂq@a%aam:m@muvlmﬁawuﬁ:
JLWINIBERANLANDAN LLazﬁSLﬁﬂmamﬁmmmﬁauua%a ELﬁnmamﬁmﬁﬁﬂﬁa%a
a a a ; 1 a aaa = o Aaaa s d' [l =< A v
aaizmﬁmm@nLLa:VLmamim@ﬂ;]mmga aawwﬂgﬂiﬂﬂﬂquLaqawagiau6] Tau@anals
A & o = A v o A Y = a a A v oA
aLaﬂmaquLaqmmmmmal%mumanm IuLaqmmmmﬂgtymwsaiuamﬂmamz
nasiuanyadsszaalndnlietos wenidindfasunnuluensdudaliidudl jizongnls
(chain reaction) HNANIANRAS IAIILHANTENUNWNTIAWLAZNENTIANALAANNEN TR 1

wazna lnlunsyansimasuwiwea wazlanuiinisiialiadis g ainann fanquaz
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nalniflasunnnainvaseuyadas: maiavesljisueandiati wazn13aanizaians
doduanyadas nislaudoanuaun aitku nIAnITBINEINUAIE R UNABRTZN

=1

1 v a A a J A SR A =3
ﬁ’]&l'ﬁ?ﬂ@]@@7%81&%&ﬂﬁ‘it‘l’lLﬂ@“ﬂ%LLﬂzﬁ"IN'ﬁﬂWUiuW"HBTﬂ’W i'JllﬂGW"UﬁHHVLW‘JVL‘YI HERNEN)

ANEIN YN

TN 4 auyadaTTuAzFTanal

aUNRDETE Sydnwl
Hydrogen atom H.
Hydroxyl radical HO.
Hydroperoxyl radical HOO
Alkyl radical .
R
Alkoxyl radical .
. RO
Alkylperoxyl radical .
Glutathiyl radical ROO
[ ]
Methyl radical GS
Nitric oxide CHs
Nitrogen dioxide .NO
[ ]
NO,

3.1 UNAIVDIDUNADETE

3.1.1 a%aﬁasuﬁm‘yﬂuiwmmnﬂm?numUELﬁﬂmaulumzmumiLm
naawnsiinelunasnulagltoandianlululnaauese SLﬁﬂmauﬁLﬁﬂﬁngﬂﬁ'ﬁJ
lasaandauiiaidn a%amaaaaﬂ%muﬁvh@iamﬂﬁ@ﬂﬁﬁ%mﬁfﬂndﬂ reactive  oxygen
species(ROS) A1a819LTh auuaa§IZV8Y hydroxyl, superoxide WAz peroxyl auNadaITHA
suifaduluiame 1w reactive nitrogen species §1881491%% nitric oxide , nitrogen
dioxide WAzBUNNDFIE glutathiyl L8z methyl

uaﬂmﬂmﬂmwmzymmsﬁﬁﬂﬁlﬁ@awaamzu,éh unssduluromadivls
Aaeuwadaszlaun Ujfisennsewlsd 1w xanthine oxidase, prostaglandin synthase,
lipoxygenase, aldehyde oxidase iUfjfissiwataandiatunasluin (lipid peroxidation) lag
nsaladwlidusranemennsuol @u enueion uaswenisnwaasemeuwnsi e

a dil I3 £
MIfaLTe LUuan
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3.1.2 auWABAIZANALUANIT MY loun 597 Talaw ATUYWI ayaaiiunid
ArazapdunIg uazNan1IzaNg g Inansznudemsinwuedainazluieme uaznald
a ] [l A a =3 % 6 [ =Y o
Nalsadns 9 @w lsaszuuvaeaiion uazwila lsauziSe lseaalomuas lsawsnuau
lsadaaniay wazlindanszan JINNIIIALFANVBILTAR WIBNETIN  (aging) (Dasgupta
and De ,2006)

Cellular Metabolism

Flectron Transnort Chain

Irijury *

Ischemia
Inflammatory Response *| Free Radicals
Ionization
Radiation
. . Cigarette
Air Pollution Smoke

MW 2 WAaINANYBI0uYaaTE (free radicals)

" : Dasgupta and De ( 2006)

4. @1301aUNADFL (Antioxidants)

AIdIkeUYAEFTT NIamTUaUARaNFUAUT via aIdueanFiatu fa a1INTih
wihfdadunIaduosl jisensandiatu ssnarfienanulusssnmd Asnwa bdiduunas
VoI IduenyadaENdAY 13U TanTud Fa1Tud wie wdualifin vaunilaiawless
Al A a = Q@ A & Ad o e A v & e
Faufon neuas uwumils uaznan Wudu wie Wusmaelinguensiwielfiiuiag
13oUuluemy 1w BHA BHT gallate tudu  G9snsinanitazyiminngussl jisensand
wtu lasviwiiddneuyadaszluiimeoan ineilasnulilieyyadaszyind jisedums
a o A a & = @ a a 4 9 6 o v A
Filuanadidu anudndluaadaziansduenyadaszniuonlsiuazlilsiowlmivimiihn
o a 1 Y aQ =) J Ag o v a
Masayyadase uddiiiouyadarziialuuin wIagninainusasmIdiueuyadazdl
v & a A a ' . . = a o 1 6
weufiinan1ieNi3undn Oxidative stress  Amsauyadaszluviasdiudsznavvassad

& A . o o A 0 @ A A= a v A a  a
uaztitaibe daudsznaudAyfzgninduans fa Adwie lusdu uaznialudusialudud
Fadusdindiznavrasntiiuigas ainunssIuasdueyadaszlasnisinludvaes

~a =) = 1 o Q€ =)
oz hoENlREnTMwsasivmalunsimegnivesayyadas
nalnnsdueyyadasziaayyadaszlaonsliniaiBidnaseunivayyadaszi
Wdjfsugnladugans  asduenyadaszlasdiesazlinay iueyyadasziiior

a o

Ufiseniuauyadasziitasnndidiueslianuaidinalusldidnaseunsuuazdidnasause
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a v a 1 YV & g t=6‘ v
WIaLn ﬂa'lﬂﬂ’]smua%aam:l,l,m"l,@Lﬂu 2 ﬂavLﬂGn&IﬂﬂHELLZﬂ’]ﬁaaﬂf]ﬂﬁ"llﬂdﬁ’]‘i@]’]%ﬂ%ﬁﬂ

AR

5. 21 HIUNAD AL

> 1

% 1 a @ 1 L a - | cg/
AIDHUIIBDINIINIAIN Lﬂunq&lmmsmummaaaizuﬂama1ﬂ%

5.1 svduauyadaszfinuluinime uazdaiduawlsd ldun
5.1.1 eulodgiilaseanlodladias (superoxide dismutase) F90INIUITIA
Naduad loun 6u 1ia a1miInzia
5.1.2 Loulminzaziad (catalase) tawloddmfazldmamaniduasdiznay uaz
I3 a [ 6 o % A dly [ d‘y - A o A
mandnnuminluadasludad au la wale 1Rea et Wedan 19 Anludes syiis

(cereal) NLETULAAN

5.1.3 nguanladnganinlon laun nganlewwaseandiaa (glutathioe
peroxidase) Naa1Inlau-laa-nT1uaWaisa (glutathione  S-transferase) taw lmainganinlan
waseandiagaasmsimaritoutduasddsznay waiosnnwuinduinluanisnzia au la
waziitodad mzﬁmaamjul,au"l,mﬁngmvlﬂauf: ariulasiilasniindnganlawiu
29d15znay s'fjaLﬂuaoﬁﬂ‘:zﬂawaavl,ml,ﬁ”ﬂvlmﬁﬂgm"lmiamzﬂs:ﬂauﬁ’sUﬂs@a:ﬁiu 3 5l
ldun nsaezilulnadu ngatue uazdaadu wananniaaziiludananiudl dawuind
mimmmmwﬁ@ﬁﬁwa"ﬁamﬁ'm:ﬁuﬂgmvlwiau lown Fanfiud Jafiud Jandud 2
Aanfiud 6 ;adaLiuy Fenzh WazUREIEN TN TIAANTE laun Aamans wy U nsfion i

:o¥
AANNIZHAT Likalan
5.2 msﬁmawa'ﬁm:ﬁwulummil,l,a:"l,;iﬁ'@LfluLauvlmﬂ
5.2.1 Ag13ud (Tocopherol)

AU Lﬂumsmmsﬁfﬁ'ﬂa%iﬂﬁjﬁmﬁumﬁ@a:mmluvlmﬁu (fat soluble
i i ad 4 ! A o & @ S o a A ! '
vitamin) §%an21131 Tocopherol Tsanumziduvasnalnaasinagy fniasdanldazansly

W azaldluaniasans ladn win waanages aimned IARIAANNEAYFENTIINNNBYDS
FPUURUNUT lus33um @il Tocopherol §1Aty 4 wila Ao G- Tocopherol ,[3- Tocopherol
& L dld Ar a a Cll o v
/Y- Tocopherol uaz O- Tocopherol &3dfilnndvasiaduninigauazianlinans
unng fa Ol- Tocopherol (ﬁ'uhfﬁwﬂ(, 2537)
Fondudlusrsumaidunguansnin oL- Tocopherol  #3a methyltocols Luianazas

a A A o L @ a A &
AMUWaUIENAVAIYILKAIW Chromanol LLN:%H?J’NL@]UG%LU% unsaturated phytyl group
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Aa | wal % ] Aa A 6 a 6 A o [
’mmuaaza’m"l@@slu"lwu LRSRIIAININSRUBUNTY mmmgﬂaaﬂﬂ@sﬁmagﬂmmUmm

aandlanlade (@333 uaz'lua3, 2534)

CH, CHj
HO HO\
/
HaC

CHg CHj

alpha beta

HO
HsC

CHg CHs

gamma delta

U L a a & 1 e 1 o 1 {
AN 3 Imamwmgwufmanmwu’é ﬁmazu@ﬂmaﬂu’mw methyl @ULAUIN 5 L
AAUIN 7

dselarivasinding Ao fdsEnsnmgelunmisdudaniaiineyyadas: (Free
radical) Tuiamaifiasann ayyadsszimiudianateunnneg sdasaas vl izems
A o A A = aaa \ Ad o a A
WwinusIYTawsay 1y Lﬂuﬂgmmgﬂimmamumﬂuim:mmwmm IWTIzaUNADETZIAAN D
1 v Aa d' 6 s & o v Aa 1 U ,2’ 1 >
AalWiAamazenanwsesssd duwduswarliiialindeg ldieau wgu lsamla
g U { a L { 1 v I3 & a a
ANWIR, TBLFON, RINILALIEY, AONTZAN ARBAIWITANLSI TIIATUD RINIUTNINVDI
madusnseuweanFiaru sdrsgugslfisenasnaaivadlasnuiras lldzeusniwo
LRTTIUAIWNIWANTADAIVAILIALREIRAIY HaNINBEITILLRNNNIT IS g n I lafie
129NUNITILAIVBILNAALRDA i”Jaaﬁ'umiq@ﬁu"uamaa(ﬂLﬁa@é'mﬁmnnmswanwﬂumaﬂmﬁu
lunaaaifan La%m%"’m:uugﬁéuﬁulﬁu%um o INULATTLRDNTLFONRNINYDILTAR A
é’mﬂumm@;maammuﬁ PURILFINNNTYINN NI AU TruTasnuiitatdaingInwan
mMIpnYaseItauNadas: 1% HIni LRZAANIITLAZAANTRTRNVDI MU UANNHTEIA U1
{ & ' ° a N
PaInanaLIaaniunTuauany grglun1sinuressuewiulnd wazad1gNe aans
Aa A d @ o ° { o
azamaoa%aamﬂuamafmLﬁU’maaﬂﬂiﬂmwmmﬁaulmmm (FIUIR , 2544 )
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J3sewnaidelunisfinsanudagaasianduduaniwilasan  Ol-tocopherol
WU aaMaIuvIauNUtVaInNiud 32%ine ¥-, O-, and Ol-tocopherol ludaman 5:2:1

audey sanIndussduenyadasziid nd1n3ld Ol-tocopherol BaTliaLfeT
(Saldeen et al., 2005)

LRRIVDIIANTWE FARAUIWUNINLWEINUANT LT ¥ RFadE0a w1 e
WanHNY wazaanaKay uanmnﬁfuﬂ'\iwudwﬁqﬂuﬁua’awnaa“ﬁnmﬁ DLnaa LT ITie
1 dl 1 t:ll un a A & ' tﬂl % ' U =3 1 a
699 LLazLuaaﬁnﬂmmanmlmmuuaLﬁJuLmaommsw‘lﬁ”l,wuﬂaumwgwﬂumsuﬂm
LAl

5.2.2 wumuwalsfiu

wenualsfiunuannlufoiIfivass uasddu 11w Wauasen IANMALAI
veidane 1w Wussasdn lunsssameiianvia I@ﬂiﬂaﬂwzlwmﬁawuﬁnt,ﬂ?iﬂu
9-cis-beta-caroteneli Iwiaduiaficuuazdr  lddaoiaulsd  15,15-beta-carotenoid
dioxygenase @93anfinLe Lﬂumsﬁﬁmmﬁ’]ﬁry@iammauﬁu nseemlsn msadnsg
nIzgnuAz i mstouumuLiialia LAZRINWVIAINTII Lwdualsfiuausysumd § 2 e
loiuas Aa alltrans isomers WAy cis-isomers WAZWUILANWNE 9-cis betacarotene ﬁmmm
Wasuudaaluwsduaariodanueld weualsiugsldlunssnmlsavesiia 1w lsa
nIzgn anuAaUnfvasimisswitasannenyldeuss Ssminammidenyldeusses
nazguliinisashanalniu (porphyrins) ﬁﬁa%ﬁfa%aaz@@ﬂﬁuwﬁamumﬂLmaLLa:ﬁﬂﬁLﬁ@
P LBERE LLazawaEasz'ﬁ'Lﬁw’ﬁvm:v‘hmﬂLeﬁaﬁLLazﬁﬂﬁLﬁ@mﬁmawa<1Lf':al,ﬁ'a n13
léFundualsfinesri Iemsiutieanss esan weualsinluvgayjisoves
ouAdaTE (B32¢in@, 2548)
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Beta-carotene

MW 4 lassaisaaduanalsnn
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AN A9zENG (2548)
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5.2.3 AenAWT (Ascorbic acid)

1 n:ll U a =) o Q/dlda a v 1 0./ £
LREIAIAIIN A e le,amavl,mmmmgo loun W9 U wzun
A o A a A A A . = ' o Y %
vzlamna azi usanlad Se1UuT W3a L-ascorbic acid T9aw b N1INRINI A8 lAILAIN
IMITLYINL ABLINAITIATUIANT WD ez 60 NAANTN LAYULHINUNITABTULT8IRIH
PUANAN 1 NA WIDHTIUTZIN D ¥4 NANAT
5.2.4 L
=1 & 1 o [ 6 6 a 1 1
LGIiLaL‘HUNLﬂ%ﬁ%uﬂizﬂaua’]ﬂmﬂ]E]\‘lLE]%VL‘IiﬁJﬂE;}@’]VLY]IE]uLWE]iE]E]ﬂ‘ITL@ﬁ“H’JEJLN
m‘sﬁﬂmmlaaa%aammﬁ@"l,aimmmwa%aanvlsnﬁ wana N ooy g9vntinniann
NILNAAaNBLATWYINTA LU bl Bua Ana et Ay UL N R oI NN ri NI 81wA1T
Wauwadtan bfszrndng Aandud dafiue uazdioning laan neuuas wanlna nazdfie
dunan dunszifisy usliane wazdulngazwuuinluemimzia au o uaziadas
5.2.5 InGAuaa ( Polyphenol)

iAo

Twd#luos Jaudumsngulngddsnwmclassadofugululuans
ﬂizﬂa‘uﬁamaLm’mwu%uﬁﬁmgjvlamaﬂ%amLmz (HO) \Huansdsznauswinlnaiuaada
foglusysumalusezinalalod viasurminaaidulnalan wiesuiusiaafiiulnale
lodiilassains 2 dau fa Counz CoCe wuldlunnaruasie

Uselonvasnalinwasd Junuinwais g adraluis ldun

& Y = A
. 11J4 Antioxidant 141U Ascorbic Acid TIWLNNTwsLTRRNY

—

2. \{% Enzyme Inhibitor

3. umInaduvesmIREeg g

4. JusnfivhltiAadens g uRowsaduasfizislunsesydulavesis

5. Judilestiuuss inzimanlussdazdeudrinidalugisanueninauus
Ultraviolet LLae Visible

6. dosnuzanssisiug laoriwinfiilu Photosensitizing  compound
1agLan1enIn Methoxyllated Flavonoid

7. grslunmIsaensiuszmiolavesfizasanau  Morphogenesis  wanainii
WA s WIBUNIITRENINFTIND GO ABUAZFAT taln

- 9dnIETd faisug ldrauanuvavasnaluasd aniuuaag

_ fgntidu antibiotic lTasfiasueulnlomiiu Asansadudinesydvlaves

WUATILTE LTU Lactobacillus , Salmonella, Shigella Wuan
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- ﬁqwflﬂu Antimalignancy W31 Eupatin  1Ll8z Centaureidin ﬁqm%ﬁum‘s{l’uﬂ%
Carcinoma 1N Nasopharynx ¥ #ifinanatiinanudunmuldiunasadeardes laun
Wa1lus Wanuea Flavandiol kas Chalcone

5.2.6 f13UsznauWnadn

miﬂszﬂauﬁ?\luaaﬂLﬂuﬂﬁjmaomsﬁﬁ%ﬁmaa %aﬁmomu%uﬁﬁ%g%maﬂ%a
(OH) 1M ﬁiﬂuauuﬁﬂluIaJLaqa aanwisznay 4 aﬁiﬂiznauﬂuaaﬂLﬂumimjﬂmﬁﬁ
Tusssumd wumluludnuaznald Sunusnassiedsmaunsoduunldausnsmeaa
WINATUaUDLABY LLazImaa‘i”Nﬁugm

Polyphenol %’mLﬂumimjulﬁqj'ﬁﬁé’ﬂmmﬂmmﬁ”’mﬁugﬂﬂﬂuLaqa 1sznaudiy
’JGLL%’J%LU%%%ﬁﬁﬁaﬂaﬂiaﬂ%ﬂ (HO)  wumz iumsdsznaudmaninddueda Jaglu
syium@lugdesinalalod wiasunuihaadwlnalaw wiesutusihaafiduwlnalelodd

lassashe 2 83 fia Couaz GGy Wuldlunnaiuvasie

_OH OH

OH
HO © OH o
HO OH
OH

|
OH “OH

OH

Epicatechin Epigallocatechin

AN 5 Iﬂix‘i sivanTdsznauiuefe

1. auauddvesanIUsznauiuaie
atUsznavuefanuisnwinunuionaissia wazsiafdududiwiunin
\Jungunanda a13nga Flavonol glycosides lananingulnanguiide aswalinadduiu
T ussTumasI N Tan bt dudrwaunnnluis Anuaskaly 15w quercetin,  myrictin
waz keampferal LJu@u (Perira, Pineda and Aguilar. 2007 : 2287-2295) Uszlgaiivas
Wanlwmesadunuinnais g adraluis laund
& v a v . . = 6 Al
1. 1lussduauyadazliny ascorbic acid Tawuannlulmadis
2. 1w enzyme inhibitor
3. 1HuRIAIGUUBIRN TN B 9
| d' o rya A A | d' [} a a =)
4. Juwansnvhifaddns g luisuazduansnsislumaasyidulavasis
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5. Wuartlasnuuad twmzinwanliuesaazdaut19a9a2 1 1s3902188717
ARLES Ultraviolet Laz Visible
6. fastiuRmanasfeiung lagriwinfilu photosensitizing  compound
1aganIzZwaNn methoxyllated flavonoid
7. grelunmssaasiuasmslevosfizanonan morphogenesis  wanand
WAl IUa 8RN WIBUNNGINABNIATTINEN A DAUUAZRAT Ll
7.4 MIsussTd faisug ldrauanuvavssnaluasd aniuuaag
7.2 fgnsudlu antibiotic TaaFasuaninlaeniin Aswsnduds
matasaulevaswuaiise 1w Lactobacillus , Salmonella, Shigella tHueiw
7.3 ﬁqwﬁflu antimalignancy W11 eupatin LA centaureidin ﬁqw%%lu
M3EUS9 carcinoma 910 nasopharynx ¥nlfiAaNuRne s umuliiunasadaades

leur Wanluw Wanawaas flavandiol as chalcone
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HO OH
OH HO

p-Coumaric acid

Gallic acid
OH
HO (@) ‘
OH
COOH
OH Ho —
H
OH

(+)-Catechin acid

OMe
OH
COOH
H - Ferulic acid
H
COOH
OH
OH - -
Caffeic acid Benzoic acid

HO o on
(@]
HO
(@) OH
HO
OH OH
HO |
HO (@]
HO OH
0 OH
HO
Tannin acid
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a =3 a
6. N132 Lﬂi']zﬁi]‘i’lﬁﬂ']i(;l"l%ﬂ%ﬂaﬂﬂig

1. myllenzinidiueyyadazvesasleflfialndalaada (2,2-diphenyl-1-

. é | a { > v a
picrylhydrazyl, DPPH) Talumsayyadaszfifianaiatios dann 7 lasasdueuyadas:

g: -5 =Y { a J

rmNInoudIauyadaIziiiniurasany DPPH (Dasgupta and De. 2004 :219-224)

o A o ' o < ~
lasansduanyadaszaunsnliozasulalasauun ayya DPPH  uauwalulasiauiag
a1 HFdeglulanyseduilaslirujitonieldifiaeuys tianmanadliidug
wdas lam JazquUd. 2549 @ 1-200) @inw 8 myllnziidumaiaanumanin
Aa € o . o A @ a A a @
lun133dd mylarmldlasldiaesmdalayianisannsvesd Waduaseuyasdly landa

ﬂﬁ@@ﬂﬁuumﬁmmm’mﬁu 515-517 wlwldey Tadwasdisnae 1udsnine noulndwis

[ [
A a v

v Qg v v a
‘W%ﬁ']%Lﬁ a\‘i(ﬂ%1%?1'1?“(]@ﬁ@ﬂﬂﬂﬁﬂﬂi@l’]%@%%}ﬂ“ﬂ 24 ﬁ']i@]']%‘li:%lﬂ BRIZTINTITNTNG TolFeVDS

2
adaA

° a ] 1 aana IQ 1
AtAa auya DPPH  danwesdildhdedjison iwiloueuysaiifaluimadniainime

o & aadx . o o o Aa o A o P
(ﬂ\‘]uu’a‘ﬁuﬁ]\‘]vl,umwﬂiﬂLLEJﬂLLUZ%@au@ua‘t&;&a‘ﬂwﬂ’nu%qﬂﬂ uaﬂa’]ﬂuiﬂi@ai’]@ﬂ’]ﬂLﬂumaﬁ

L [ v A { a o o
auya DPPH  asuaaalunn 8 usadliiiuidiiaavendsivasauyadaszazgniisaanig
v v { Qr 1 1 1 v
wudu 3 29 uaznylulas Mldasdmeyyanlngniusiudduwalngjuemsldaunad
luidjitenrdaegyaniaiiadjisentn  wenanfians  S@adanninliE auys

DPPH™ 91983 (lam 732qUd. 2549 © 1-200)

NO
2

ON NN .
DPPH

w7 lasarinvedans 2,2-diphenyl-1-picrylhydrazyl (DPPH)
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NO NO
2 2
ON NN 7 =" O,N NH—N

(0] HOR RO (0]

2,2-diphenyl-1-picrylhydrazyl (DPPH)

£ Y a Y a ' o
NN 8 qwﬁmimumggaaaﬁz“ﬂaom‘smum&mamma mg;&a DPPH

=3 Q{ v a v a . . 0 .
2. rm'amezﬁnmmimua%aaaizmm%' Hydroxyl radical scavenging activity

ﬂavl,ﬂmm”'ma%a'émw aamsﬁma%yaamzlumsﬁu t9lgaTandalsdnaah

\inandi3en Fanton reaction lasazlilalasiauurenyadsszlinuasnmwlidumnla

D

duauans ninnszdunm vl jitenain FeSO, uazmIaansdIva4d 2-deoxyribose 1
S g A o« > a Ada & o @ o
\ushanalu DNA - Satiedndusmsiusnywluddiiouazuananuudonszgunaaioen

284 H,0, Iwliliilulansandaisdnes (OH') \iadfATeiuasazans thiobarburtric acid 1w
miﬁﬁ%ww“ (Trouillas and others. 2003 : 399-407) lasiinalnlunivilisen as

AMwdsznay 9

Fe +H,0, —* Fe’ +OH+OH

[ ]
OH +H —» H,0
MW 9 naduauyadaIzraImIduauyadaszluljAiTun Fanton reaction

a Qg v a v a . . . .
3. ﬂ’]i’sLﬂi’]‘;ﬁfmﬁmimua%%laElﬁ‘i:mEJ’J"E" Ferric reducing/antioxidant power

ad nda%’ & ada 6 1 (% a

3% FRAP aﬁmﬂmmmewmmmwmmsmwhmimua%aaai:I@ﬂma
ﬁ‘ﬁé’ﬂmidﬂmsﬁmawa%mzﬁmﬁwﬁimUmﬂﬁ‘éLﬁﬂmauﬁﬁmﬂumﬁaasﬁ AINUIINGN
"L@T’hmwmmsmaulum‘sﬁmagyaaas:Li’lummmmms’mlumﬁaasﬁ 3% LT

Aa o 3+ I
f17UvznauIBITauradlnan Fe -TPTZ (ferric tripyridyl triazine) LUusNINAFAU dzAY

=3 a%’ A a A =} U a YV & a £ =3
manlumim:gmmbﬂ@maa@mamsmua%aam: 1o usnsUsznauidatanyadnan
o 2+ = Y a { { o

wasia Fe' -TPTZ Dalfhduganfuussnanueninau 593 wilwaas (lam Jz3zqud.

2549 : 1-200) @ILAAILUAIN 10
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| i | A X
= = N -z
X IN N9 SF N NN N
(I;‘I\).I-' S + antioxidant X N _N
e
& (H)Fe
NZNT \\N 9 ' N d N
N >~ I N | N N
x x
IFC{"”{TPTZ)ZIJ' |Fe{ll}(Tl’ [L)],]“
3+ 4
Fe© +0,°° Fe +

Aa a U =3 3 vV & a L%
MW 10 mTIedsnsdsznauidstoutaanan Fe -TPTZ laiflwantdsenauidedanyas
< (V) 2+
WARNIWaSSE Fe -TPTZ

3 FRAP ilumsiianzimannumannlumsiaidiufeduetnmasinelu 4
- 6 wifl fidedde 1 TuisAMe Hates uarlidaslfinTesflofiay udldaiFeda naln
vasufisennllunsiiensiliioadasiunalnaluseme (ean Joszaud. 2549 : 1-
200)

4. mﬁmﬂ:ﬁqw%(miﬁmaugaﬁaszmnﬂﬁ%mﬁﬁman%m%u a3 [3-
carotene-linoleate bleaching

\dunmsianiwaniuas B-carotene Tannslfin3as UV-spectrophotometric

AMNENIAAL 470 w1l lukaainnisifia B-carotene oxidation  lasnnsviiane
HWAAA T4 linoleic acid uaz TweenlFiialW linoleic acid uaz B-carotene LAanInTzaNy
luiWguasina linoleic  acid  oxidation  uazgnissUfAsEdnauTen 50 waFuy
(Laguerre and others. 2007 : 244-282) A4&NN1T

1 3
O, + B-carotene — 0O, + B-carotene*

B-carotene* - B-carotene + heat
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7. Vlnam%"u

< A aaa 1 :/ ) A
Inatadu da UjAsorsznineluianazesinana 13w nglaa nievynlas
Auluanavesldsdu uazlevdulasdsmannmsinusesenlsd Tnataduidud jizen
Weoanuidfnisnaaaiia (las Louis Camil Maillard ) lnatezusuisaiiednlanialu
1 é =) 1 a J :/
My smafensluienmeaznfeduluszuuresnizumden lasnigaduvadiigia
nalaaidngnizuaiion (Ahmed. 2005 : 3-21) lnawatu iludjisencEelas nady
nuceolic tAnUfTensznitanguuesezlludaszlugdunuvesluséin uaz carbonyl group 310
& a A ' . v o a [ a {
ana3aS Seaglugilves Schiff base sanIndounauluziifvldadndas: maddou
31310 Schiff base WaglugUnfianuasea fa ketoamine %38 amadori product ~ GILEAY
Tumw 11 mawaungUuuuvas amadori product himansnilasunaulddaztiale Ina
< J | a a d' a J al 1 J a d'
T Sadunszuiumimeiiineiifeduanusswmaluinme  Sfiaunaanainna
¥ . 4 .
lutanazashanaunsnadlddainzlaana vesldsdu - Sadusiudsznavvasoadiu
' . a . o v AN o A A ' & Y A
s19me #9RalAldsauliauisariminflaandnd nmsResIrzninasasantiaosas T4
\e9a9ny dicarbonyl intermediates  8819L7% 3-deoxyglucosones  (3-DG)  ¥inl#LAa
lassaanaanarinld qmmwmaoi”mmmﬁama 138N advanced glycation end products
(AGEs) @9uaadlunIn 12
Nz oxidative stress LuilagpdamvaInsnTanInasnIstialialLInIwNITie
X 2 A A £ a v A a A
type 1 uaz type 2 Hihslsawminuisdienudsigsliudemaiannzduiondy Jasu
wikauInetneldanmadndSanmesladu LDL Nigneandlad (oxidized LDL) uaz
wu’j’m’%mmlaﬁmﬁwﬂmﬁammgﬂamzam‘i’m’hﬂuﬂﬂ@ TaugadnItlszAnSnwuaIns
v aaAaa a qll dl U v dl a J Y
dudjisenreendiadunaaadlugirolsaiuininu azunindeuiitiadulugilae
Isamu e1vauneldnnuanisyinane@iduie annae oxidative stress wibiad laglu
ox A |a A & A % e P a & -
AthoasfivSunmesasfiduengndaviauaziug pyrimidne  fignaandlad (oxidized
- a X ' Ao o @ a A o a
pyrimidines) AN AwaeNlhpd Ao unUauNG
mafia lnatasuvaslds@urinlfAansazauues advanced glycation end products
té = 1 { o Y Aa a { Qs v ™
(AGEs) Taduunasnvliiineuysdarzuazionlsanunzunindenvasla diuaaslu
MW 11 lon AGEs  fimwninuanusasauyadass uaz H,0, WaTaIIONIZGU
o gy a . s = v
M379Uvas phagocytes  ananidaluanuIunmues glutathione  Fuuansduanya
=) Qs A 1 U
darzainikslusnsmedae
Ui lnaesuianuinoinunumaialsanisadfin wuwlsawinin (beta cell
damage) l3auiennuriilauasriaaalfen (cardiovacular diseases) 88 kotua3 13ala waznns

FULRINIUIZENRUAT LTU BN 91Uea (Ahmed. 2005 : 3-21) faguuled
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msﬁm:muwmwuaw:szlumsam:é’uﬁﬁm aimﬁa@LLazmwmmmiumséﬁu
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Iiﬂ LUNANBNINYY
H O .
c” H  N—Protem
| Keoid
H-C—-0H |
HO [|: - H H (lj OH o
[ *  N—Potn — po_C-H =—= o
H—C—OH H | NH—Prot
| H—C—0H
H—-C—0H [
| H—C—0H
CH,OH |
B CH,OH
Reducing Saccharide Schiff Base Glycosylamine
HOCH, .
[s) CH,— Protem
CH—NH—Protem (li' H,-NH—Protem OH
| —0H (|Z'=O
HO—C—H HO—C—H rd _
H—C—OH [ H— (lj_ OH Cyclic forms
|
H—C—0H H—C—OH \ o
H,OH &HZOH CHo—Protein
OH
Enaminol Ketoamine

(Amadorn product)
MW 11 maiie  Schiff base waz Amadori compound lud§Asennaragu

|
+

|
H—C—O0H Cc=0

HO-C~H HO-C-H HO-C-H
H-C-0H — H—C—O0H — H-C—-0H
H—(:".—OH o H—(:f—()H * II—(:“.—OII

CH,OH CH;OH CH,OH
Glucose Protein Schiff base Amadori product

AGE
HC=0 I
|
. H-C—H /
and/or

|
AGE < e  P§OH >
H-C—-0H

|
CH:OH

Advanced

Glycation

Endproducts 3-Deoxyglucosone
(AGE)

mw 12 Ujisenlnaesi uaznszuawnsiia AGEs
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8. Tnatarwnulsatuinam

< I t:ldl a a Z’ ¢§ I3 > a =3 o 1 o

Tnatatu tuasadniiaanlusauiazinaaddwarasu1a Dan1IiN9 I NN

iz%’hdﬁ’]ﬂmﬂ@ﬂﬂm‘mﬁElLLﬂZLﬁaLﬁﬂﬁﬂ’]ﬂ“ﬁﬁ@ﬁﬁﬂ’)ﬁﬂﬂﬁﬂqﬂ’lﬁ ANFIVYUWSUIINUNANA
aaa o ' { v . = (> aaa .
sanInfiUfiseniungulys@uiieatns cross-links SedsinglunaawivesdjizeMaillard
= {oo .
maLﬂuﬁgaﬂlumwm advanced glycation end-products %38 AGEs
| g: { = ™ U ‘é |UL { a A {

AGEs (Hutufiasududondsliiuainnslugdunuastszneunfujiselumeni

¥ o4 . o _ .
GRUERI! 1$899NNNIREEN “glycation hypothesis™ad AGEs aztianstUfanudladuas
lassgivpeaiatdolysfinuazananusinisalunisuanas  Inanginwuaadlidiinin
NIzUIWMIVeY AGEs azgniidlas laweflnamiy  msdsuudasvesldsdiuund
f,%'ammwulug&?ﬂqﬂﬁl,fluisﬂl,mmml,l,az@mﬁamuﬂumjmuﬁﬁmq ;ﬁij’ﬂwﬁﬂﬂﬁﬂamﬂu
Tsaunnuiazimswuziininlsatuminunaliiianisuanewds  agl9bsnany  DIwdan

| 1 1 Iﬁ ] L g 1 o v ‘é

AGEs andullgmdenguauiiduliaiwmnuudfidmuinlunnasudddiwiuiasdas

a J Q./Aﬂ. a :/ £ A nl J v J tﬂ. 3’
aInnedulalatsunminenaluduiiaaiNau1nis  AGEs azgnmﬁwumammah
v A A |a & \ [ A 7 A a Aa ¥ A a &
\WuwiRoailUSTunmgedn 1w mammuuﬂsﬁmmauﬂmmmimmmagamﬁ?mwu@mz
RUANBTNUNITLAA LIALLNIR BTN e N T an laenUsz UL aIT I aLasyin lw LAl AR
(ﬁ Tua http://www.intrathailand.net/files/mess/mess_age.pdf)
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9. LBaLUANL El‘YlﬂEﬂ‘ﬁLﬂﬂtﬁﬂtﬂEl'!ﬂ‘]J‘Sz‘]J‘]J‘Y]’NLﬂ%?J']‘W]‘J

Isﬂﬁ'mvlfﬁlﬁuﬁLﬁmxuiuﬂafgﬁ'mﬁ@mﬂﬂafﬁ'wmﬂG]asi’m NIIA WD ANTTU
n3uilnaresuysd wiananinwiadan anuiadndnisluirenisvasaysd Ay
Aadn@nianugnIsy wazmswamLzalsa Lﬁai"mﬂ’mvl,ﬁ%‘m%aiiﬂL?Tﬁgj]”ﬁ"’mmslﬁﬂﬁl,ﬁ@
anufAatnduasieme nilseiAnannasenuazniels 1safiiaanaawenfinutiag

A = X o x5 o A a a & Aa A v a A )
e NN N LLNRLIBD I Lﬂu@u %Gwﬁﬁm(ﬁluﬁﬁnﬂﬂ’]i@]m"lja LLUﬂﬂLiﬂYlﬂal%Lﬂ@Iiﬂ e ﬂqu

a a A

Staphylococcus sp., Streptococcus sp. WR: Pseudomonas sp. (X331 133373th, ddTA

q
=)

youniedl uazasgnansol Faaaadie. 2539 : 28) daulsamslufing fa lsafanuszuy

=y

N1ILABAINIT LauAlsanadsrs datiaandalaTruuaditsonvinliiialsade
Staphylococcus aureus, Escherichia coli, Bacillus cereus, Vibrio sp. Wnuan (Eﬁi’l ":Ji’siim,

~ o % s € A a d'c}’ 1 =1 :‘Iv
BUIFAT "Igmﬂ‘iﬂ&] LLa:ﬂ‘sqnaﬂmm RIAINIWT. 2539 : 28) 1%7]%’i]$ﬂﬂ’1’)ﬂ\‘iLﬂW’1$L"Ija

Aa A« o @ a & A a a
LLUﬂV]LiUV]LﬂuﬁqLﬁ@!aqﬂﬁymaﬂﬂ”ﬁ@@LﬁaLLUﬂVILiﬂluizuuﬂqﬁl,@uaq'ﬁ"ﬁ
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1. Samonella typhi
1.1 ANWMLTD
Samonella \Julniuay juUviau msﬁ'urjshuimy’Lﬂﬁauﬁ"lﬁﬁwummﬁ]a
A ﬁa%isauéﬁ (peritrichous flagella) &nLiw S. pullorum was S. gallinarum L%aﬁ"lliﬁl,mwga
& A o Aa = A & & o o
wazatasiady ladlunduazlailiaanGian mm‘smwg‘smummmaﬂgiﬂa uazuunlulanIe
U197 lafnmaae LL@ivlaimmmﬁﬁ'ﬂﬁnmaLLSﬂIﬂaLLazﬁgImavlﬁ Iwlalasanaalng 3o
nmanainanilulaese iy laluominfsadarssuabasiulng lddasmiianliunse
n3aazdlu UaNINAGINUGBRITIARNLNIBENS 1 USaLAuunIw (briliant green) lodau-
LANAI I lalua (sodium tetrathionate) loifaxufaandlawas (sodium deoxycholate) &9
[ g; Aa d‘f Aa 6 = v & [ 4?’ o 6
fuganiaiaiyvandananlainesy Jldidunanlunisusnisasingannse  (weanwsal
§17IWA A, 2547 : 91)
1.2 WeNDIRLUA
a d? A g: s d? a a d? d'
NNIAaLTa Samonella  LBUNIRNALATULTENIINNTAK USuaTan
' 6 8 & v A . A ' [y v
fuIanalia Utz 10 - 10 wwas onviuie Samonella typhi fisnunsanalsa oy laTu
g 3 o v Y = J ] g v Q 1
TaLNes 10° tras vinlwniyszunevadlsafiiiedwlalasdny 1Ta Samonella a39tlagrnialsa
levrananiia LﬁaL%amwﬁwg}maLaummﬂ%aﬁhuﬁﬁlzgﬂﬁﬂmﬂ TasnIalunIzinizaInis
& ‘ A wa \ = A . !
L°1iamomuuqmawm‘ﬂu@am@vlwmmuqﬂmw acid tolerance response (ATR) n13na
d‘l’/ >3 & a J 6 d' J Ada 6
Tyauada Samonella aLilunsaairanialwaas hasanmas NN TInTaan 8 L aTas
& = A o & o 9 eaa &
macrophage %@ Samonella FdausatAvI A elaasuwazyinlAimasandaiaaslu
d' s o ea & o & v a '
G0 FINDILIRINITONIZANLNLTAS AALT W HILrasdn9tasd e lagasslay linwaanwan
6
LA
1.3 My lwinalsa
& o ' o o A A & o & o A
\Ba Samonella 'wa_lmﬂmm:naiiﬂlua@lﬂ@maw;nmummam 8Ai1n
g > ¥ v é 1 o > 1 kg 1 g
Wosamu uazdafiansgnearnuy Saduunasdrdglunisuniizanngau auns serotype
Aalsaanwizluau 1w Samonella typhi Wz Samonella paratyphi §9%NNT UL TEAINA
=S & 1 1 =} Dd‘ I 1 g; ‘?Jdl & 1 dﬂl 1
dndumauninnaugauntediduninziiini dndunimesunsauniizaniunmigans:
1 1 a dly a A dll :’ dl dl‘y dil a éi’ dl
fulngazdaelasnifiuerwimiedaninfilwowisa lsafiaisa Samonella  Nignana
;mmﬁéﬁﬁtﬂ@ﬁm (ANITE NIGRW. 2549 : 94)
1.3.1 Isa ldiawnasn : M inwesauaznisnwesd (Enteric fevers
: typhoid and paratyphoid) Liluln@iaiza Samonella NénAnyNga 4 InWandiiainaaniza
Samonella typhi dauwwsw"lmwaﬂﬁﬁmm@!mm%a Samonella paratyphi A, B Waz C 81013
aslIaaaT8N e L W’mvl,m\lami‘ﬁﬂ’s’mgw,l,soﬁami’]LLa:ﬁmﬂﬁdauﬂ’HIm”lwWM@T fa &
Jeuzingd 1- 10 % JormslafaiduimiitasanniradnIzugiien aaunsnuna ld 1-3
slanv  ladeasfiiin sawldinwasddtzosWwnaivadlsa 10-14  Tu ﬁvl,ﬁgmaa@ UradTe
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Y 1 = [ 6 ddl' J o % > £ % ] a [ d}/ U
iaann downde  luddanduin enalfimduamuirdan wladutindidnd thandudie 14
£ I @ @ { o o
lngnaaalIa tHwan 7-10 LRZANAIlWRUANAN 3 wIa 4 auuaziiule LialRas
1MaakasatganEiiiientusaninein (wianuol garvmiia. 2547 : 92)

1.3.2 lsamaidnemnsaniay (gastroenteritis) (ulsaiwylddasfga
lay serotype firialsaluanldvosfign fa S. typhimurium uaz S. enteritidis na'lnalunisnia
Tsaluangslsitaian %é’amﬂgﬂaﬂvlﬁ%'uL%amamiﬁummiﬂszmm 6-48 Tlad zSNN 1
@1 MUEYR U10dATHE 81198% UainT9Ned ua tfhslmmLﬂuﬁﬂﬁmmsgmmﬁﬁmﬁy%ﬁm

v ™ a A 1 6 & =} v o v & - -
6 qﬁ]mszwﬂ"l,wLaa@ﬂmmmﬁ]wuLsﬁaammaaﬂmﬂ@ wusaslsalalus @A weanlus
msgnmmau%aLﬁw;jmzl,l,mﬁam ymiu‘lug&j”ﬂqUﬁﬁm’szgﬁﬁwﬁuuﬂwiaa Taavne'laias
mulu 1 gdanw LL@immmmwwuL%aluqﬁlmiﬂﬁmu%mUé’ﬂmﬁ%éﬁmmnnI‘m
(ANIT8 NIATW. 2549 : 96)

1.3.3 lafAaduiw (Septicemia) Ms@aita  Samonella  lunTsus
A LY . & ' ' =3 . ' a &
\Raqantina n  S. choleraesuis  \Hudinlng uazonavandls Styphi uaonaiaanie

W e A A o . a A A o & 2 o o av o
serotype 1@f bé Wazadhgineme agliaSnlunszumfan iRus wIutn Jevinlvaunilld
GR RUEW L1AD1T YIRINAIRART ﬁ'ﬂ"l,aiwm%aluqﬁ]msz Imﬁﬁmﬂuagmmuﬁa%

A A A o \ ' o oad o o [ A
wuafiFalwienznizneludidiude 9 veerime mlkibeiusussdniay ladniay (e
dumladniay lanszgn uaznizgnaniay  (wiansol ga3vmi#a. 2547 © 96)

2. Eschercihia coli O157:H7
2.1 AN¥UZVILTD
Ecoli  \JwwadyUvion unuay lissemles aranfeunld niald
A A o ¢a 'Y o v o =V o A A AA A v
wdanfivmsiuinuenldanuendr ldaisuadgadld ilalaflison T0& Hidudu
auina192-3  Hafwas lwam 18 Tlus uddudsdluemsiiugasanuuanens igu
AAA oA & .

maconkey agar lala@tiiFuaszun aualng wiaidedlua1mns Eosin methylene blue agar
uaz Endo agar lalafifi&duiniadislans dufsiuuaminauifeaussanuiiians
sanpiiafieauas Wwehiaiylalugunnitiinine (1545 asruaaifos) vImRREING
ANNTaU 60 asrmLTalTaE 15 w17l Wia 55 adAWTalTus 60 Wil (wianwal gIvIniRda.
2547 : 109) \Ta E.coli InnudmAynnsunndinnfigalasnuarduiduizorszdrnulu
maduamilasianzlusldngnudalialdtesninzedu 9 lungw enterobacteriaceae
dulng relnfadelunadneins uduwsewuinelinfarauanszuumaiuaims
ld ulsadareluszuumaduiasiz liabeiuanasdniay uaznisdaizalunizusiian
& . ! A Aa Ay @ ' & ~ &
0 E. coli wurialsaluaudn@ussluaunfiszuupiiquinunwias wandunislwaarialsa

q

dazalulsswnuanwulduasian (Ansdy Avddu. 2549 : 67)
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2.2 asglunisvinliiAalse n13n E. coli ﬁ'ﬂﬁLﬁﬂI‘m"l@TLﬁaamﬂi’lvl,’sgt.aué
6 a d' [l . d' | d‘y o n' [l v d' 3 a > [l
unniaes wanpziiadslinulu Ecoi Millwelszintin atskonfigaazdasiifaivadisla
] A e aa
athanilafia (wianwol ga3vaeifia. 2547 : 110)

v

2.2.1 ﬁm’mmmmﬁﬁmmza@ﬁ‘uLmaﬁmwﬁmaaé‘migmgﬂmUmJ

222 mmmmmﬁ'azqﬂgﬂLLamT']"hJLﬁ]‘%ryluLfnaﬁ‘fmaoLﬁaﬁJqﬁaﬁﬂ"lﬁ

223  ANURINITOINNTFILWNElINanTu ﬁﬁﬂﬁiwmﬂqzyl,ﬁﬂﬁﬂ
WATVBILARD 9N ALAREINTTB I3

224 msﬁLLszgaﬁi”Jaaﬁ'u"t;ﬂﬁgmﬁmﬁamn%’uﬁu

2.3 lsn@aLa Eschercihia coli (AN3T8 N5A&w. 2549 : 120)

€

A

231 linfamalunaiduainis (gastroenteritic) Hilan@aisa E.coli

=)

a L a a dll ? dl dq’ d‘y t:ll L =}
Tumaduarmsdniiaannsfivens wazduiridwdewdeliafinuldtesngadae lva
N89329

232 lsndaizalumaduilasie (urinary tract infection) a E.coli WU
I 1 a Y d' g; 1 1
LiJumm@;ﬂaiiﬂlumaL@uﬂaanz"lﬂuamq@mmiﬂaIm’LuqumuLLa:miﬂaIiﬂlu
Tyanenuna wuimluﬁgmﬁovlﬁmﬂﬂ’mjmm ;jﬂaﬂij’ﬂﬁmm‘sﬂama:ﬁammzuauﬂ'@ 21ANU
< A I A a Ao o A . . .
WaiRaauasuazidaifonuniduludasnaz nalnamaiialsafidaan fe ascending infection
A a g 0/ ' { ' . . a
TfinanNnIgnAaTaITamaNuEialinfii3undn uropathogenic  E.coli 3NYNILA%EIH
[ a U v 1 v tg/ { o v A 1
Humadudasizvasihodinevedasizuazdoutunnzinizdasiz vildifara

> d' I a ,ﬁ' d' L7 c.l' dw J =3

Jasazaniay Judujduunsasnidadennuldtesnga lunnimeoizaaagnaadnliis
lald 5o Ecoli mewusnrialia UTI Hquand@ddnfe sansnaiiaans adhesion o
wipzfialaviawiz AAF , P plili uaz Dr fimbriae  \anguidianansnasiiansiis
hemolysin  (38n91 HYA  SymunInyaisiradnatssiauaznizdunisnauauaInes
AITUIUNIITONLRY

2.3.3 Iimﬁaﬁuauaaﬁmau (meningitis)

‘8 Ecoli  Husnngiaysaslsaibeiuanasdniaulunisnusnifia

o &d @ o Aa . a A & @

soWusfinalin dnwumiaiouadya 1% antigen T8l K1 Ssswnsawuideldven

a [ g; =1 d‘ ] as dl‘” c‘ dlq’ 1 1 A a
lumaduerms deuuidsdaimnenaldivisefdwionadlutesnnan naninwmin
PAINIIAN IIZHININIINFEA

2.3.4 lvadamalunmaduriyla
A Yo A 4?‘ . v ed 1 a
Aanvlevasfa lsadaauly 138 E.coli muwquwunalmmamumﬂlﬁ]
il'mﬂumslﬁuﬁfﬁiﬂﬂﬁ";"Lﬂ"l&ifiﬂI‘iﬂ wia hwunsassifasanalsafiswie msaaiTannin
a g U dld a a U A 1 U n:ll |
midaaaslamaludtheniimifednfvasiemoedidy wuludthenidulsawmnu

wdld d%’ [ a =3 L g a dgl/ & v
LLazpdmIiﬂ Savalunmaduwnisla ufadnidusngy asnIfaralulsswenuna 1Twnal
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finsfarafiyuuss uazldanniaegs msldsugesulngifannmsdanisenanduoay
WU colonization lumatdumiala

2.35 mIdaLmalunizuaiNes

1 1 a d%l v 1 A U dld a

sulnginifiaanmiyninvende ignizusfealuginniniéa
dv A o ) U Aa a g a a =S 7l Aa
Falawziagiawtu dihefdliadadelumududasizuszmauduainisnaigieid

mimqmaaéﬂﬁ vinlimZadszsausuiado E.col §NI0LTNET09709 WazUNINLINg
nyzuaLien lada b %awﬂﬁﬂaﬂug}”ﬂaﬂﬁﬁm’szgﬁﬁuﬁ‘umwiad
%8 E.coli aﬁﬂﬁufﬁaiiﬂﬁadi’m (Diarrheagenic E.coli)
Tosmansoutadaaunalnamsnialsauazanwaannsiiu 5 naunan lawr
1. Enterotoxigenic E.coli (ETEC)
2. Enteropathogenic E.coli (EPEC)
3. Enteroinvasive E.coli (EIEC)
4. Enterohemorrhagic E.coli (EHEC)
5

Enteroaggregative %38 enteroadherent E.coli (EAEC)

3. Klebsiella Pneumoniae
3.1 anBLTa Klebsiella
A o . a ' & ' A a A a
T Klebsiella  FanunmIniuazawnitawinalsuuafiseduny lasdl
sUhadurauass sdszanm 1-2 luaan n19 0.5-0.8 lulatuas ﬁLmﬂsgaﬁaﬁﬂﬁ%Iaﬁ
A A ° v L A 'Y o aA g Aa
fiudan LLa:ﬂﬁl%LﬁauﬂmuguLLso Lmﬂsgmmﬁﬂ@mnmaLamlummimmﬂﬂmmmmﬂ
Ada A Py A A ~ \ & A & &
lalafinfiflanannigrndwn lalafiuwermisnauieadawalnauasdwiianann wad
oA ~ a o A ad ' A g & ° o o rg
luiindeun 1wigldanamngiiaud 1243 asenaados Welnnvamesdisanuiausu 55
asentralfas Aol 30 WA FIAIIDNUAMNLII leRa1uLaaL
FUUANITILA NV TaBUNLLN Klebsiella fUTRAN 9 oniiu K
i . o 6. . & o o = A e
rhinoscleromatis uazauWuiaIulnn 189 Kozaenae (uwinwinihamauinlas nnalas
alininians uanlng lindenfiuazaiuadgsvwalng inldlalafiuwernisudofl
] = dQ/ I A
swalna 1WonTuwuaziduiian

3.2 M3AaLTa

'
[ a

\Ta Klebsiella  usnldunfigauazidwzanalinfddnyfigadonuda
) = o a A o o Aa A ¢ & &
K. pneumoniae Tyusnlannmadunulaniadldvesauiligunnddszano 5 wWesidud
3 o ' o £ o a
K. pneumoniae fSautitlaaniazanm 80 Tlyvind Iunvuaudiauvasuadya
Kiebsiella @191 uanguesdaauiy swnlaauiuiiiannmisdaise

Tulssweuna lagdnisvinanoiattaludae valwnalnssnnaduazviildiauvziiaaa
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wazTuAkeIUaNNNUBALINLED K. pneumoniae 83vinlALAALTa lumdutlasiz n3da

(2
)

wafivnauns lunszusifea uaziaduanedsniay Kiebsiela  1lwFerialiaunsuauf
nerdasiunsdaizalulssweunaluszuumadunslagnarsunigs (wiansol gaavm
NI, 2547 @ 131)
nalnmInalsavadite Kiebsiella HlinIutalan UM IEIRTAY
A = 6o ! A . A & | & o A
wiadu lrdsmzlunnsnalsa waninitaann endotoxin Miluautlsznavvaiwas UJadan
dahflanuiaylunisralinde uadgsfiwuldlumenuiaulngves e Kiebsiella
\Ta K. pneumoniae  &inuadgaidutunmntislimuiindusuiunsivindulaniaes
Q;q/ o ~
Y24 TARLIALEAUNY TINDINGNTAIUVLIUNT opsonization  LwnTTNIMTBILaRALEA
~ ¢ & o . . o & [y
UAZITULABNWAINUA TuuAdTaIznaudis K antigen Sesnansalslunmsiuunizasenld
AN 70 serotype atd s lainuduadga serotype lafigwiuiiunnInalinatng
TALAY (ANITY NIAFW. 2549 : 98)
3.3 anuhdasndmuauuafiiSauaznssnm
& , X . ¥ oo - -
\Ta K. pneumoniae  fandwTauuaiiGenaosiialdludangs s

o

utsulngidadann ampicilin, carbenicillin, uaz ticarcillin lagsysumasdwsaunafisy
adanltlunssnule Lﬁuﬂﬁju extended-spectrum, cephalosporins, carbapenems,
aminoglycosides W&z fluoroquinolones &4 lsAPNWLMTABRaENdWTaLuATSy laLAY

£ ' o & A A o o A 4 o a . 2 A
g99u n1Inasey anahidesdiuigeunafiiss awsuigenuanldandidiaiiaied

o % A % A [ .3' > 6 v =3 6
anudanlunsifanltonnmnunzaulunsinmm L%auﬂaamwuqmm,au"lsm extended-

¥ ¥
A

= o v A ' 1 o I3 o Qs [
spectrum P-lactamase TavilWizanadaslungy B-lactams Gaduilymddnlunsinm

(ANIT8 NIAFW. 2549 : 99)

4. Vibrio cholerae
4.1 é’nwmzuazmsm’%mﬁmau%a

Vibrio cholerae Sanwazifiurianlds auamwa 0.5 lulawas x 1.5- 3.0

lulawas Aadunsuau ﬁﬂLﬁym’Lummmﬁamuq gﬂinﬁaﬁmﬂ?z‘smﬂuﬁauma LRowd
A8l LLWamﬁmmLﬁuLﬁmﬁa%im‘sa*’flv"alfnaﬁ"L&ia%“ﬁoaﬂaﬁ%agﬂﬁwmﬂ@T’mmmﬁ”au 55 83f-
wads 10 wf wazpnainge linudeanuudiudsuazanuiiunte veadeliun
gladidaszanamels 2 $lue uanudennuiuwua: anuiwld Vibro cholerae 1iuwan
TOUBBNTLIW qmﬁgﬁﬁmmz@iaﬂﬁm‘%mﬁa 37 aseuwwaiun  sansaaesldluaniw
oH GIld 6.4- 9.6 LLaz*’nauLﬁmﬁ pH {ulua fa 7.8 -8.0 ANNEINIID IUAITNULLUR bA

Ifidumsdaiianise (wiansol gasmiila. 2547 : 132)
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lasnaldhesd judnsmeduinldnsavlunimasssfonanuinge
mju V. cholerae non-01 L%aluﬂajw V. cholerae non-01 mmsnwumia%ﬁaLmﬂsga%aawﬁ
UnuInAsITeInUMInalse (AnITe AsAEu. 2549 : 101)
4.2 wensiniauazlsa@al®a Vibrio cholerae
& . o a A A ¥ AdAa X
v Vibrio cholerae mgﬂamUI@ﬂmamsnummsma@umﬂmﬂja
A o o 'S ¥ A A 6 11 I A Aaa ¥ &
nstAalsadn lasurraluwsin@udSuimaunnie 10°-10 VIR Galadans winTaUwilan
1 a dly =) 2 4 6 1 A Aaa 1 v A % d‘ 1
agﬂummi USuN sl TaLNes 10-10 Loaasadadany ananalviialiale 1hasa1na1wiIztiy
aaaNLdunIa L%aﬁ'ﬂvl,;iqﬂ‘gﬂLﬁngﬂizl,l,mﬁa@ smr?umamﬂﬁgﬂmvlﬁ%'m%miﬁma
VIALNANFNHINUKEY Nuiluurasandaaaassa mmgumwaa‘[mLL@m@mﬁ'u"LﬂLwi"l;iwu
oM ITuussiiwieTiald 1 redus lungu V. cholerae non-01 dnnaliifalindaizalu
mmﬁummsﬁ"l,&igml,sa WI001ARNNINN D ILAA LI A AL TakANTZULUNIILALDIRIT LG LT
MIAALTVBILNALNE LRZNIIAALTalNIzULAaa ;jﬂuslvl,é’%'uL%amamiﬁuﬁ%amam@LLNa
NRUNT NULRSII NI uuraIaNAuVaILTa L%alumjuﬁmmma%amsﬁﬂéf%mmﬁ@
\T% hemolysin Uaz heat- stable enterotoxin TIufisuatgafionaiunumlunisdunisduiv
vasaaliaiansld (At AsAdu. 2549 : 101) awWuiVad V. cholerae non-01 &
wa =1 a 6 =} ar () v A v 1 d' v
sulanaal wasWugmaasinilouny V. cholerae 01 melv\m@mmiwaammgmmuaﬂ
N1 veessanaanaduiieatu LLa:m\‘m%‘da’m’ﬁawgmmﬂﬁmaﬁmﬁ AW NRUNRNU
Lm&idmﬁswmm’hLﬁ@msa@]L%aLmﬂﬁﬁﬂumzumﬁammuﬁaﬁmuaaé’maﬂﬁ

(widnuol gITIMRT. 2547 @ 134)

43 MIIN

panmasnelsanisiaide cholear  figawde malwmshuazindons
NAUNUDLIILNEINE LﬁadmnpjﬂwgzyLﬁmfﬂmﬂmsdﬂﬁmmﬂ%mmmn Tusefiennsl
Juussanalinianisfin 1%5’]Uﬁ?%LLiGﬂ’Jﬂﬁﬁ’]iﬁ’]LLﬂxLﬂﬁE]LLi'E]ﬂ’l\‘ii’J@lL%’m’lx‘iLﬁ'uLaE]@
mslfduuuafisuestisanszozmaduiulin aamsssmsivueaie AANINTUUTY
pa9l3a LLa:a@msLLwiL%aaaﬂmaaqﬁ]ﬁm: LL@immimaa@:ﬂaﬂifamag’lmwmﬁamnmsﬁwﬁ'
"L@"Tgﬂa%”ﬂaﬁuﬁauvlﬁ%'um snanfilgdnsunissnenlse ldun tetracycline,  doxycycline.
(ANIT NIAFW. 2549 : 102)

5. Pseudomonas aeruginosa
5.1 aNBMeN2 lUaILTe
& B | A a oA
L8 Pseudomonas aeruginosa Lﬂ%LLUﬂﬂLiULLﬂS&IﬂUEﬂLmd YUUG

132Nt 0.5- 1 x 1.5-5 luAvan ﬁ'ﬂwuaglﬂumaﬁlﬁmﬁammflu@j laiasnerias sy
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v ¢ o o & A A v o A . & o AA 6
Wugmmmm’ml,ﬂﬂsgavlﬂ L°1TaLﬂﬂau‘ﬂ‘l@]@?ﬁlLW\IﬂﬂL"ﬂaaqﬂagaquﬂaqﬂlfﬁaa 1 LY ll’]\‘]al]"ﬁa

21388731 1 16U deatlungw obligate aerobe udu I BRUEIATY IdluuIstNManiing

¥

pandiau gaangdl nanzawlunsaigedsznine 30 - 37 ssmmalBus 1D
Pseudomonas aeruginosaa’m’liﬂLﬁl%fyvlﬁﬁqm%ﬂuﬁgdﬁd 42 DIALTRLTUN LT
Pseudomonas  1#Wauanlunisnagay oxidase vNsUIsswInaLled LTe

v & A a ai Yo A . . ﬁ o
Pseudomonas s13naaaled 4 wiia nwuldves fa pyocyanin aZ pyoverdin 3NN
IhnuasniiaanmIfaselfnieadon (AnToy AsAFU. 2549 : 107)
5.2 M lAiialse
A ) ) o v a Aa a
luvtueh Pseudomonas aeruginosa laidiasvildifialinluauniguning

'
> o

\ & & ° v a AAd aw A A oA I

LmﬁmﬂumamUIamaml‘mm@TiﬂVLﬁ’Luﬂumguquﬂum wisdauua wiailaidngieme
a dl = £Z a 1 ‘ﬂl A a s t:ll

TuuSmi ludanudrwnuaiuing 1w taianuazRinisnnaan lwauldlulssnsnuia

a a & o A & A ' ¥ A Ao rg
azlinsfiaiza Pseudomonas ldinuazyuuss lasfiFaiadwineglwimianfianuau

= A A o A A A A A A o

ANNLATAINE WM ITLATaIRIBIWAREALR AW VAaAtTaRII AWNILNALL oy NLEY LK
1wl nsGarTanen ﬂuvh']’ﬁﬁgﬁ@juﬁ‘mmﬁaomﬂgamq Iiﬂﬁgﬁ@j’wﬁugﬂﬂ@ LT W39
WALRAAUD ﬁﬂﬁl,%aLiTﬁgj‘a‘"mmULLazLﬁﬂm‘sam%aluﬂ‘szLLaLﬁamLa:ﬂa@mmmm AN
Winazenlaserdodadodeg igu Wla tawlod usz nendu (wianwol grvIuRdA.

2547 : 120)

5.3 13a@aLT891n Pseudomonas aeruginosa (Wiansah FITTATD. 2547 :
120)
5.3.1 n1IdaLralunIzusiaaa LLazLﬁaqﬁﬂaé'mau

MIGALTa  Pseudomonas aeruginosa  MANTELALAEA bILANGI9IINNNT

[ '
A a

A A o A a ! P A o a & v a
AALTDLLNINIUTUAD Y LLsJ’JﬂﬁlzaJa@‘Nﬂ’]i@]’]Ug\‘lﬂ’J’] a’]"i]Luaﬂﬁ]’]ﬂL%auﬂ@@l;?jabl%ﬂuvlmﬂu

v

Qﬁquﬁuﬁ@ﬂﬂa LLatLﬁa\ﬁﬁ]’]ﬂﬂ’J’]&lEuLLidﬁla\‘]L%E]LE]G nsAaLTa Pseudomonas aeruginosa
wulunawldnifr InsWaaanindné muslmymiam%aﬁﬂL‘%umﬂswumﬂlﬁ]d’mdw
A A @ & A A Aa o & 8 A
MaauaanIe At uaziiialiasang anatiaseslsANRAIRHInawLIN s]ﬁ]:l,ﬂu@umslaw
iy 2 - 3 Judeanazamulngjuszgnaiuiuding uazdn iiaRansen uaziiaunaitan
msmwg]éhUﬂﬁadﬁ;amsqﬁﬁ]zwm%a%ﬁm’mumLLazwumiﬁmmNﬁfwaamﬁa@
mnﬁmﬁaqﬁﬂaé’mau wuluwanldnlwoinsrasaiiandl lagunaizasg
a & A A A A P o o v a 2 o o & o
mIfareagiiaraslanduilon AN IFAAEINITR WAL LA NLELLAZITa T
532 nIdalTandaa (pulmonary infection)
MIGaLTe Pseudomonas aeruginosa  NMa@unislaginans Jadue
waaanalacnaaaay Uaaaniay (tracheobronchitis) ﬁmimwnajmau%a AINDIUaAANLEL

Nuu msaaranuluwan Mdulsalaaisays LLazgﬁﬁﬁﬂmWaﬁamdmﬂa
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5.3.3 miam%aﬁ@ (ear infection)
PEIUUBNENLTY NLAAIIN Pseudomonas aeruginosa — sinwuluaufizay
LY 5 y X 4 ¥ . v @ v e s s
wwih wanegnauid i luiiaBatuly wanduduansld Sududesinmdnendjoue
LAZNINIAA

5.3.4 msaalTanuua W lnd

]
a

' & . o ° v a

MITIUNGUVAITE Pseudomonas aeruginosa KA 1W lnal azvinliAa
AN ENIIraaalRaaLaziAaLhatdaany awrilwiian1s@arralunIzuaiiaa USom
a > t:ll va 1 ﬁg‘ 1A a a Y Qs o Y A a :"24
mmuw"l,%mlmm‘*gw*’ﬁu LLa:"L&Iumim%laﬂaaﬂumiuqﬂgﬂ BlwiAan13aaLra
Pseudomonas aeruginosa 1adne

5.3.5 MIAAaNDIIZD

Pseudomonas aeruginosa N aINUMIGaLTaNa 822619 9 LE%
NAaKeINT adullasniz o szuudszandunand sruunauiianaznizgnndaise
Pseudomonas ﬁ]:é’aaﬁl,%aa;ﬂmmdaﬁ%mm:ﬂﬂﬂﬂﬁﬂa"l,ﬂamia@1L%a LT LAAUNALNAT
a % = d%/ o AI dll v ad o A a a Al v
A mIgiFodedziiu dlasnnldindjiusdiwiminnwiaiiannziiilnsflaton

msaatraluviataanzinwuluaw ldnltaTassiunasailagiy

v k-
9. NINAFBUNIITULINILI YV DILB DALY

[
A v A a aa

FEmsnfenltnasauiash (A 983, 2540 : 84)
1. Dilution method Lflu'i%'mﬁ?l,%amomiﬁmﬁ;a%wmﬂmwquﬁuuﬁﬂvl,ﬂmﬁaU
- g A A = ~ oo & A Ao
TunaaaairsnaInialwanuanisiasaranaSounaulatataw annulawandains
NARAUAIIDIAIINLO TN 1 LLﬁaﬁwmﬂuﬁqmugﬁ 35 - 37 a9ALTALTOR LTWIaN 18 - 24
R B g}Nammﬁtymau%amnmw@umaammﬂmwiamaaw%aé’aLﬂ@lieﬁu&lauumu
E]’]W]SLaEl\‘iL%E]LLatﬁ’lﬁ’lﬁvLﬁLL‘lJaLﬂuwaﬂ’ligllgﬁ’i’]ﬁ]%ﬂ%i:ﬁﬂl@ ANUNIWLIVad NCCILS &
3 32AU A Susceptible, Intermediate Waz Resistant 3%ﬁﬁﬁw1fuﬁﬂﬁq@ﬁa broth dilution test
LLaE agar dilution test
v A o A o ad £, & v o
48 284 broth dilution test fa MNazaLITN1TEENNTNLTEVBIRITLA IAHE
o ) [ ' A {
53@L§’Jﬁ°llﬂ’suﬂ’1‘ivl,@%a’1UEﬂLL‘]JU W ANURAINITUNTEERIIaN2038a UM LUl
maaL%aﬁLﬁ@mnmiﬁ’m@a%wmﬂlﬁﬂﬁaaﬁgamimf wraenaaTaFauMUfenuUaIvad pH

¥
Tua1wnsiasate
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v A L A o & A A a 'Y o Y
Tafivad agar dilution test AaltnasauiTanasrianldluandoinu ligld
A& A a P A ' & g & A a A A, @ ' A
TITannagauinsduiilanniala i’mmmmnammamamumiauﬂmlmu LT LRAA
RINIONARAU L6
2. Diffusion method ﬁamimaauiﬂumﬂﬁmiﬁ’mﬁga%wLﬁﬂ"[ﬂluLﬁa’g”u
wigmItudimaaiyresuuaiiGenaguuiriunionaualuiiafumsdusinilderaa
. A o @ A & a o v &
lugﬂmaa disk ﬂaﬂ"nisl,mmzmwgumimugamw muwl%gmaﬂamm@Laumugjuﬂﬂmo 6
JaRLNAT %%aa%ﬂmﬁ@ﬂﬁﬂmﬁmn mwuquﬂuiuuﬁmmmiﬁm’ga%wﬁu’%nml@ﬁaz
1 a A a a & 1 a 1 . ey e 3 Jd v [
Lifiuuefiseasa 1Hedua9319 138097 zone of inhibition MInasaulasnannshilldasing
ﬂ’?ﬁamwoﬁagj 2 3% @a Disk diffusion method Lﬂuﬁ%ﬁ15nwﬂ%ﬁm%’ui’mﬂ%mmmsﬁmﬁ;a%w
fnudianalugiues disk wia tablet 357 2 fa Agar diffusion method (HuiTAvNANE
z%m%’ui'@ﬂ%mmmiﬁ'mqa%wa'mLma'wm6] LT 9NETN Uar1zi lgwnas 1320329
ﬂ%mmmiéf’mga%wﬁai’mqﬂs:mﬁﬁu AhRINITATIA mi@"ﬁuﬁ;a%w G’fiaaﬂﬂuﬁgu
AaAa A o o o o
wazlUAN S uNznNaNlTdaInITuaIN s
a8 ° v < a & A A ad A & aa
lunfazvinnismeasssnisgugenisiaiavedTasuaiisoiawizisusniiuis

m‘n%amam‘sﬁm@a%wmﬂmmLﬁuﬁuwmvl,ﬂmﬁa lrannaIrIILAA?



NIANBWINNIDY

a o [ g Aav A . A = a [
MTI0ATImTunTIBTInaaad (Experimental Research) WNa@N LA ILATIZNA
a £ = Ao o o X ‘N Y Y ~ f
PSunmmsaangnineiinmwisenluinidelnng loud waualsiiv waadInlawases
Aoniiudg sstsznaufiuelia gninmaduauyadas: onimidwmlnaadu wazgnimdu
A A ° a a e A o ' ' o A V) v o v

wuafiFe lesvinmadSouifisumssnanananndiwdd guasdnidolng loun lu srau
NAGU Lazaan laadinniToausauadsa b

1. LHWANTIY

2. 1eva9dauazanaInlTlunInasas

3. 3G iuN1IY

a 6 v
4. mylaneidana
5. RAGN LT INNTIAY

BHWN13IRY

v [l

MG RUNITIBATIN ;ﬁ%’d’lmmamm@aaaaamﬂu 4 NNINARDI A8
= a a £ ~ v 4w A a A A a
(1) madSpufsudsunasseengninediainw ewd iwaualsfis Ianiud Usunm
P a 2 1A @ A o =< £ o
s5Usznaviueda TudsUSumnieluiuriialawmay (2) MIANWIONBNIAUEUNS
a t:sqz QI/ A I aaa { { o v A
8msz (3)  nmIAnwgnigwlnantudaiul jAsennmianildifelsaiunninuiss @)
=< £ o A A o AaAa A v A
mIanEgnIMIduLUafiSy lasnagaunuuuaisannaliiialsalunszwizainis lums
NARAIATII UM TINGaad laurinnmInaaad 3 1
~ & =< a £ a o o P
minaaadn 1 Hunsansvsunaanseangnimedinin laud iwanualsiu
a a = a A a =3 a o a (% =S
Jodud USuimssdsznaudnaia TutsUSuImnIa laushalatuniain lag@neain
fuaggasnnidelng laun 1o ddu uazaan
{ | t§ v a 1 1
NINARAIN 2 LﬂumiﬁﬂmLLazLﬂ%ﬂuLﬁﬂuqmmsmua%aaa‘s:mﬂmuma 9D

L dw [l o v ada v 1 dq‘
pnifislng lagvinmanesauaisisasda lUf

-

DPPH radical scavenging activity

2. Hydroxyl radical scavenging activity
3. B-carotene-linoleate bleaching

4. Ferric reducing/antioxidant power

5

. Total antioxidant capacity
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A < £ o L A = Aaa A A o v a
manaaadn 3 1uminaseugninmaswlnawnawbailng §Asenfimiaaiinldiie
Tsainw lagnagauanassnanana lwangauas guasanidalngl
A & £ o A a Aa A a o
mMInaasdn 4 LumineagaugndimsduuuafiselasuuafiSanifaniaunnagay
&< A= AAa A, v A A .
lumineassnsshidunuafiisennaliialsalunszinizannis e Samonella typhi,
Eschercihia coli O157:H7, Klebsiella pneumoniae, Vibrio cholerae 8¢ Pseudomonas
aeruginosa
lagnInaasdluaTadliaunIITNaaadLuL Completely Random Design (CRD)

LARZRINARDIVINNIINGRDI 3 6

a P A a o
Lﬂ‘ia\‘iadaI,Laza']i!,ﬂa\mslﬁ%ﬂ'ﬁ'lim

m‘%'aaﬁaua:qﬂmtﬁ

1. fininas (Beaker)
1103UBHN (Erlenmeyer flask)
tdad (Pipette)
270U3uLIu1a3 (Volumetric flask)
LAILAIAURTT
LSasTInzIBua (0.0001)
HROANARDY

LA3DY Spectrophotometer (Spectronic Genesys 5)

© © N o g A~ Db

L3849 Centifuge (Rotina 48 R)

N
©

gTamu%’au (hot air oven)(Binder)
. LA3DY Spectroflorometer (Jasco)

Lﬂ‘%ad HPLC diode array detector (Shimadzu LC-20AC)

A A
N =

N
w

Column (Reverse phase C18, 5 llm 4.6 x 250 mm, Japan)
LA309 GC (Shimadzu 17A)
15. Column (122 — 7032 DB — WAX ,30m x 0.25 mm, USA)

-
»

16. LA84 Rotary evaporator (Buchi)
17. Lﬂ’%ao freezer dry water bath
18. QUuaIAN 37°C
U , ql :.I
19. @3e9uima bl (National)
20. Baaa centrifuge Megnetic stirrer
21. N3L@AN®NIEI Whatman 10831 uaziuas 4
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22. Fillter membrane 0.45 [Am cellulose acetate (Whatman)
23. In@@mw%u (desicator)

24, Lﬂ‘%lad Vortex

25. Lﬂéadﬁumuizummmﬁﬂ (Magnetic stirrer)

26. 1038930FluITUUSUADS L, a*, b* (Chroma meter: Minolta CR-300)

CRRIGH
1. 2,2-diphenyl-2-picylhydrazyl , DPPH (Fluka)
2. Methanol (JT.Baker)
3. Bythylatedhydroxyanisole, BHA (Fluka)
4. Feric sulphate (Carlo erba)
5. Thiobarbituric acid (PA Panreac)
6. Sodium phosphate (Carlo erba)
7. 2-deoxyribose (Fluka)
8. Ethylenediaminetetra acetic %38 EDAT (Fluka)
9. Hydogen peroxide (Caro erba)
10. Ferous chloride (BDH)
11. Hydrocholic acid (Carlo erba)
12. Tween 20 (Fluka)
13. Ethanol (BHD)

14. B-Carotene linoleic acid (Fluka)

15. TPTZ (Fluka)

16. Ammonium molybdate

17. Potassiume dihydrogen phosphate (Carlo erba)

18. Metaphosphoric(Merek)

19. Acetonitrile (BDH)

20. Hexane (BDH)

21. Standard vitamin E (Ol-tocopherol) (Fluka)

22. Standard B-carotene (Fluka)

23. Standard vitamin C (Fluka)

24. Standard phenolic acids ( p-coumaric, tennic , benzoic , ferulic, gallic acid,
caffeic, (+)-catachin) (Fluka)

25. Folin—Ciocalteu reagent (Fluka)
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26. Bovine serum albumin (BSA) (Fluka)
27. D-fructose (Fluka)

28. Potassium phosphate (Fluka)

29. Petroleum ether

30. Ether

31. Chloroform

ad o ) s
35ANHUNITIVY
a v 3: n%’ U L o a a A a e 1 ﬁ’
T uiauased Edilﬁ]UVL@W]’ILuuﬂ’l‘i’s’ﬂUIG]EI&JS’IEIE]&LQEJ@]@]\‘]@IQVLIJ%
1. MIAUAIDLN
~ = 1 Q dq’ 1 ~ dq’ dl = Q dl v
mafiudageinidelngiuludundmiasmasaalasdgnlufinanauds
i las




a :S
2. MINATEART0ONENTNTINN
2.1 myanzRdsinmwnia ladushad guaznia ladurialawina

I nzidTunaladunazaaalsWas ( Lipid and chlorophyll content)

LOILNAIDENI

vnmsanalagldc:m 2:1
contain BHT 10 mg/I|
wenuaz A 5w 24 $alu

l

NTRIFIENTTANENTES B b Separation funnel
l
LANRIIRZAN8 Nacl (1.5 v/v) 10 ml Taaalu Separation funnel
L°ushLTJ@N’]'gﬂaamﬁaammﬁmmd’mwm
srata 13l uen o,
Tonanstusns dodludnwlaifitaasle fask
l
inldszmesssniineandieeiag Evaporator
(3832 2 A39 LaBa19628 Chloroform)
USuUSu1a5lAATL 10ml (Volumetric flask) @38 Chloroform

TidadadelFunes 1ml mlluma@maawmmﬁﬂ(ﬁ’] 3 1)

AUl Desicator tilwiaan 129 1uy / TR
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aa a 6 tY
']ﬁﬂ']i')tﬂi']z‘ﬁﬂiﬂvt?l&l%

Thilaaratnetsunes 1 ml aslunaaa vial

L@ internal standard 1 ml

Dry under nitrogen in 38 °c

L1@3 H, SO, in methanol (0.9 mol/l) 3 ml W&z toluene 1 ml

¥ Saponificationlw water bath NNl 70°

U

C 1w 2 Talws
\@3 Hexane 2 ml @u@38 Nacl 1-5 ml e lditnnm
centrifugefl 100 rpm o gaenndl 25 ° C 1ian 10 wifl
gﬂ%uﬁLﬂuaﬂ@ﬁaasl%tuuuaaﬂvlﬂldwaa@maaaﬁ 1 (ﬁﬂﬂél'u)
@@%uﬁﬂuﬁﬂ@mnmmﬁ 1 nldnaaaii2 (Na, SO, )
gﬂ%uﬁLﬂuﬁﬂ@ nnaaan 2 i ldnaaai 3 (vaaailan)
Janaaananadargnw1nWn
seppak
Dry under nltrogen in38°C

LAY Hexane

Analyze by GC

47
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2.2 masanzAUSmuaualsfin (B-carotene) Aaulasain Maria uaze
(2005 : 155-165)
NMIFTINTININAIIRTBSLUAILATITIN

%"amiazmﬂmmgm@hmﬁmﬁfﬂﬁuﬂuau 10 {adn3N Wwazans
lunaalsWesu 25  §addas warUsudSurasaslandsudinesasluviadsudsunas
UsudTunasbiidu 100 Tadaas azldanuiduduvaaudiualsiuidu 0.1 Hadnsu/iladaas
%39 100 MulasnTw/Aafaas sensany 0, 20, 30, 40, 50, 60, 70 LAz 80 NARANT bARILYL
230U5UUSNN9T 100 Wadaas NIaIHIMUNILIRIWIG 0.45 lulasiuas waddnziens
189 HPLC Ta® injection volume n59az 20 lulasaas udadaunmvanusunuisening
Auilanaw

NMIRNAAIBELNY

TIg10819 1 N3N shanuaudranadinazdlan 25 Ja5aaT wIn 25
wif dhasazanefanalansesmiiunizaunsadues 1 (Whatman No.1) &NaUazN3al
fhathedr B0 2 ase ihanTazanefinsasle thoasgnmsusnudnduilanfondinas10-15
iaddas asludre pigment  hdiallandsndines lanidaasezdlaudroaazansy
Tndousanawewlansa 5 1Wesidud 50 Iadans anawsazdlanidedlasdondinass
A%y nssuanavastlasdousinesHunTEaunIaduas 1 (WhatmanNo.1) fneadu2e
U5u130195 50 Raddaens Ususunasarstlanfsudmnas nnsesmii iy lwswuwe 0.45
Tulaswas udrdereiUsunonudualsfiudroeias HPLC iaanenditiln acetonitri

dichlorometane : methanol (70 : 20 : 10) flow rate 1.3 Aagaasdauf
Anzirnd3unmans B-carotene das HPLC lasldnasuit C18 aua

4.6 x 150 mm, 5 Lm d’JuLWaLﬂﬁauﬁ(mobile phase) \iw acetonitril : dichlorometane :
methanol (70 : 20 : 10) flow rate 1.3 AadAasdaw1fl Jadn1sgananuailas UV — detector
ANNEAEH 454 W W

2.3 MIIANLAUSI Total Phenolic 1ae3T Folin- Ciocalteus method (

Zhou and Yu. 2004 : 1155-1162)
1. Twassazany Galic acid W@ uluudazaNUTNTUa 98 1
J8A8aT NEUNURITNIAI3 % Folin- Ciocalteus reagent 0.5 fiadaas lanaaanasss
uAazraee NaN it nuwua1a9nald 30 A nuwANEIIaZANE sodium carbonate 20
Wosidud wiv) 3 Tadaas @9fald 15 wfl ududuihnaw 10 §aFaas nIpdme
& o A o A A v o 4
nizaenIanued 1 hassznsildluiadinmiganiuussil 725 wilwaes udiben

nIganauuLasf ldinainmwanasgu Gallic acid
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2. Tiasnsanaaednd 8d1daz 1 NAREAT WRUAUEIINIAIZN Folin-

Ciocalteus reagent 0.5 fiadans lanaaanaaasudaznasn wanlidnin udaasiald 30

W i anTazane sodium carbonate 20 tasiFud (W/v) 3 URRAGT aanigly

15 Wil udidutionan 10 Ja5aas nIasdsnszanmnsasue’ 1 thasazanedilalyia

@hmi@@ﬂﬁmm‘ﬁ 725 W lwaay LL&T@mmm‘sgmﬂﬁw,l,mﬁ"l,ﬁmLﬁwﬁ'unswﬂmmgm
gallic acid LawANuEuT a9 phenolic compoundluansaiafinaaas

2.4 MFIATILFINAUTA8 HPLC (Abushita and others. 1997)
nste3suasazasuasguianindlasviinisds Ta1dud 10

A a v A

f85n30 ANazanetin 10 Iadans adlddmdudanududn 1 Dadnsudadans vnside
MIaNUTNTWIN 0.125 0.0625 0.3125 uaz 0.01625 RadnIN/AadaaT IATITHULL
external standard

ahacogalagmisiaderauazluauudonn 10 n3w i luuals
aziduaceiedoaiininna ldluasazans 2-metaphosphoric acid AMULTNT® 2% LHuLaa0
10 wif Waflumsaisslassainsdandiuduarfituens magnetic stirrer 1Huiaan 2 2la
Tuaneilidussaniuinly centrifuge 7 3000 rpm 9 NiWINANNTEIEIBNTZANTEILDS
1 uszia¥ 4 @NA1AU LANTBIEIL micro filter membrane YWNALFUNIUAULNA1 0.45
Tulasiuas

AT FINNAWT 628 HPLC 1Tnasuiuwia 1u1a 4.6 x 150 mm, 5

tm muLWamﬁauﬁ(mobile phase) U32naualstumues waz KH,PO, Anuttuds 0.1 1ua
PN RS AT EIN0ILUNIBEaLSS KH,PO, (gradient) @aaan133tas1zs lagfiiaa
Sudwlw wnuas : KHPO, (3:97) tluinan 5 wift savmsluaidln 0.75 Hsdsaymwi u
D 1 Hsdsaswf lundf 8 Tasdasunes 20 lulasaas Jadnmiganduuailay UV —
diode array detector ﬁm’mm’mﬁu 220 Wl Luas

2.5 mylareiaslnaufiueda @81e389 HPLC @auis991n Dragovic-

Uzelac tazatue (2005 : 373-383)

1. MIanNaaINnafa

G0E9EA 50 NIV WNENAL LWUEA: NIALELaTAREAR (100:1,v/v)
USinm 100 Jadaas duldidniu felhdunm 12 5alus gunnd 35 aseimaiGus Tuf
fia aniwihansasuas centrifuged 7 4000 rpm/min LRTUNEIUVDI supernatant UILLREL
foLaSasszing ﬁqmﬁgﬁ 30-40 asFTAEDE YNMITEERY inlemuea (80:20) USuTme
25 §a8aAT *NINTBIAL8NITZANENTEI Whatman LU34lask % anhydrous sodium sulfate

"i]’]ﬂff%ﬁ’]vlﬂ‘izl,%ilﬁ ﬁqnmgﬁ 35-40 adfTalTEE WasUIuUTNNaTaae lwmwaa: i
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(50:50, viv) 1ARLSH@T 5 Fafaas thannsasrduuuiusuawa 0.45 lulasiwas  rewild
daei5u1as 20lulasaas daoeSas HPLC

2. M TeiaTlnauiinesndisieias HPLC

mMsusngsdsznoudiseias HPLC lagnisldnasuil C18 awia 4.6 x
150 mm, 5 Um muLWamﬁauﬁ(mobile phase) (Jw3zuu gradient andeuil A Ao i
Usznausioninazdasn 3 weiidud andaudi B Usznaudis nsnezdesn 3 wWesidue
ox@lalwlas 25 wWesidud uaz 11 72 wWafiiud luszuy gradient  lu wifidl 0-40 1w
waandl A 30 wWasidud wmedousi B 70 Wasifud sasmsiedonlna 1 Sadansdaui
WIFIT 40-45 gLARans A 20 Wodidud tlsafond B 80 1wosidud sasmitndanlna 1

Aa A

AaRaaTdawI wnN 45-55 NRLARaWN A 15 1Wasidiud  tWsaRaun B 85 1dasidud
AATINILARAW AR 1 UARAAIAOWN WIAN 55-57 WmLARawn A 10 Wasidud s

dl' d' 6 = 6 o dl' a aa 1 =4 a wa a
Roui B 90 Ladidud anmaafanlna 1 Jaddasdeuwtfi szuumsUiaam QRIVEEY
aaaNil 20 aseLTalder USuasluniae 20 lulafas i‘ﬂﬁwmi@@ﬂﬁuua\ﬂm UV —diode

array detector AMNENIARK 280 W LLNAT
a A( v ~
3. ’nm’mﬁqmmm’ma%aam: (antioxidant)

3.1 mﬁLﬂiﬂ:ﬁﬂﬂﬁgﬂﬁﬁma%a'ﬁmzéﬁﬂ'i%' DPPH radical scavenging activity
aaulasanITued Dasgupta Waz De (2006 : 471-474)
Lﬂu"?%msmaaumﬁﬁma%a%as:tﬁaaﬁu lasgiisanuaunsnlunisdy
2,2 diphemyl-1-picrylhydrazyl radical s?ial,ﬂua%a'émzﬁl,aﬁm ONENIFNARININILNY
DPPH radical 'lé&vasan3azans DPPH  anidapududiaduiivios desansaiams
Lﬂ‘é‘ismu,ﬂmmmig}@ﬂﬁmmﬁmmm’m‘é‘lu 157 wiluwas laglfia3as Spectrophotometer
3.1.1 @388 2,2 diphemyl-1-picrylnydrazyl radical ( DPPH) @uLTNTH
0.2 fsdlua lagn399 DPPH 0.04 g /ml Ethanol U5nUSmaslwivindy 100 Hadsas uan
inlunsudiniaSas Vortex ﬂ@ﬁaﬂWaﬂﬁLﬁﬂ’?ﬁqmwgﬁ 4°C
312  nameudmadaIanalasgamIaiaainiaz 0.18aAnTlunaaq
names ag9ar 3 wase nuudillassazans DPPH  AesunHlawasaiildmsana
drathsludnnensz 3 m ielivind§A5oiu udavhmaedr  Aliludidadwam 30
WIf mnfuﬁﬂﬂi’@@hmm@ﬂﬁuuaa I@ﬁi’@@hmi@@ﬂﬁmmﬁmmm’m‘é"u 517 wlu
AT
3.1.3 Y]G]E*TEI‘IJGT’JE]Ei’NI(ﬂUﬂﬁi@@]ﬁ’]iﬁﬁ@ﬁﬁ’]ﬂ’]ﬂ@%ﬂw LazNIaY
windeansdrstinnaulildanudududn 5.00x10°, 2.5x10° , 1.25x10° , 0.625x10~
03125x10°  n3wAiadans Mntwihmsaiauaz DPPH filedoaunviufatenu launisl

Wassananinn1siaeansnaa19as 0.1 ﬁaaamﬂmﬁw 3 LLﬁ?@@ﬁﬁi DPPH #aaaas 3
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sddnnaNlunasarhliten nelilunfedunan 30 wifl udrriimytadinisganauuas

Sh 22D

ANNENE® 517 wiluiuas

3.1.4 luﬂWii'@ﬁﬂﬂﬁsg@ﬂﬁuLLaamaamiﬁmaguaamzmmﬁsm BHA fivh
ﬂg’jﬁ%mﬁ‘umia%aﬁmxmﬁm (DPPH) ﬁ@hmsg}@ﬂﬁuumﬁ 515 wlwwuas azlg control
AamIaranauyadazialius (DPPH) uas blank Aalunuaa

3.15 ﬁﬁmmﬂ'ﬂLaﬁmlaamﬂﬁ@‘]@ﬂﬁuumﬁf@"l,é’lmwia:mwL?Twﬁu
LwiazéhasmLLST%‘hmLmuﬁﬂugmmﬂi:aw%mwrm%{msﬁma%aﬁmﬂuﬁmﬁaazm

NvaFay
Q€ v a
wasidua ANBMIAUAIADRIE = (Aoppn — AsawpLe) X 100
ApppH
A ' A AN A o '
e Apppr = NMIQANAULEIVBIFIIREAE DPPH Alisidnating
Asavple = @hmsg@ﬂﬁmmwaomsﬁaam"m

iiafidudnisdudseuyadaszni 5 anudutuluudazdiadngly
¥ Standard curve lNBRNWIBRIAT ICsy VBILARZADENS
a 6 £ (3 a 3 ad . .
3.2 MYUAMEANNINIIANUUINBRIZAILIT Hydroxyl radical scavenging
activity aal1a9431n39289 Chung, Osawa Waz Kawakishi (1997 : 118-123)
\lun138u89 Hydroxyl radical fitiaaniiissn fenton reation lunissans
284813 2-deoxyribose 1agiing13aza8 FeS0,.7H,0 ANNLTNTH 10 NARLUA Wa &8
EDTA anuitudu 10 Hadlua ad19az 0.2 Jadaas ldlunasanaaadiasnliidnng @
813azaN8 2-deoxyribose AMNINTW 10 Nadlua $11% 0.2 VaddaT LANRITRNALAS
phosphate buffer ANWNT® 0.1 lua (pH 7.4) el ladSunas 1.8 Naddas :nuuwdu
H,0, anudutu 10 Hadlua $1mau 200 lulasdas weldidhau inldusigunnd 37
a I~ < v a . . . v @
paealBos dwaa1 4 alag WRLANENTANe trichloroacetic  acid  ANNITNTY 2.8
wWasidud S 1 Taddes ieadunangadjiten uaziduansazans thiobarbitruric acid
v o ¢ & € o A aa A o 9 ea asx e a o eda £ a
ANuduT® 1.0 Wasidud wan 1 Fafaas  werhldAesidumsiandanmyiniiadude
hydroxyl radical 11l dulusiudaaiduim 10 wifl uasvhliiiunudl Jadinsganduuasd

ANNENMIARY 520 W luluas lasldiaTas spectrophotometer

~ Qg v a
Waiidud antmsdueuuadass = (A-Ad/A,) x 100
\e A,= Ainsgananuaivasasazann lifidnadng

A= @hmsg@ﬂﬁmmamaammﬁ'@
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a QF v a v a
3.3 ﬂ’mmﬁzﬁqwﬁmsmua%aaaizmm% B-carotene—linoleate bleaching

aaulas91n3 a9 Othman WazAtee (2007 : 1523-1530)
I Aad L a v a Qo =
Lﬂmﬁmsmnfﬂmmmsmuau}gaaaizimm@wmﬂmsWaﬂamaamsB-

carotene lagms s1sazane 3 -carotene 1 Haddans (0.2 Hadniwluasalinosy 1
$a8897) ’13 linoleic acid $117% 0.02 FARAAT LAz &15 Tween 20 91U 0.2 VadAAT bal
103Unaw l@NmIENA 0.2 FadAaInTasIarauINaIIUATalaMUEn (A1AI10QY) WaNlW
dhAwinlUsemeiedsaaalswoulaslwia3as rotary evaporator annsiusinasf lauduin
naw 50  Dasaas wehldidniu Ddamsazans 2 dadaasldlunsaanasas inlddad
amnnil 50 asrumadualugrindon 81uANN 4 20 W I@Uﬂﬂiﬁﬂﬂi’@mi@@ﬂﬁmlﬁaﬁ
ANuBAak 470 wlwwas laglfie3as spectrophotometer 1flwiaan 2 52las lagld BHT
Dusnsnzansuna g
Wasidua qw'ﬁ;ﬂﬁﬁma%aamz = [(Asontrol - Asample or standard ) /Acontrol] X 100
oxidation rate ratio (Ror) §N1WI84L#27N

Ror= Rsample/Rcontrol;

3.4 MYANZANNIMIFUaLNaBasZa87T ferric reducing/antioxidant power
(FRAP) aaulaiannIdvad Benzie az Strain (1996 : 70-76)

a A a

Lﬁflu%%mﬁmezﬁmmmmmmlumsﬁﬂuaggaamzw%aﬂmi’j’l

& o & = '

mﬁ?ﬁmagyaamzﬁmﬁﬂm@Umﬂﬁ'ﬁLﬁﬂmauﬁﬁmﬂumﬁaam AIUUIINENI LA
anumasanulumduegyadaziduanusuisniialuniiaag S%ileansisznay
\Batauas Fe -TPTZ (ferric tripyridy triazine) ‘Hus1snasay azmawﬁazgn‘%@a%
lasansduauyadasy IddusslnouBidousaanininassa F™-TPTZ  &sii&incn
g@ﬂﬁuLLaaﬁm’mﬁ’nﬂﬁu 593 wiluwas lama T3zqud. 2549 : 62) lasvhaniazany
FRAP reagent G91a38ul@9nnnnsuin acetate buffer auiTads 300 Jaslua (pH 3.6)
un 100 FaRFAT 8138808 TPTZ anaudu 10 Aadluaazanslu HCI ansdudu 40
Na8lua 191 10 TaFaaT ’1382a18 FeCly « 6 H,O0 anudutu 20 Aadlua buaasain
10:1:1 waz WNiNaw 12 Hadaas Naﬂﬁﬁﬁﬁ'm_iu"l:ﬁ"ﬁqmﬁgﬁ 37 a9ALTaLTaR

MIHAZABHIINMITNE1I8z818 FRAP reagent UK 1.8 UARNNT W
nawu $rmau 180 lulasias uazanssiadwan 60 lulasias wia miazasanasgn lalu
%aa@maadﬁﬂﬂﬂuﬁqmﬂgﬁ 37 avaaalTea Wulaan 4 wih ﬁﬂﬂi‘@@hmi@@ﬂﬁmmﬁ
anuEnInan 593 wlwues lagldasazans FRAP reagent 1w blank LatheMIganan
Lm‘?‘ivl,ﬁmLﬁﬂuﬁumwmwmgm FeSO, -7H,0 amanusaninlunisasngninisais
P LRLEE
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MIMNNINNNAI 1% FeSO, 7H,0 1ansazans FRAP reagent 31114 1.8
adanT snau 3mIu 180 wlasdas idaansazany FeSO, *7H,0 luudazanuiduds

, 0.5, 1.0, 1.5, 2.0, 2.5 uaz 3.0 Aadlua) aendaz 60 Mulasans lalurasanaasdrii luy

—~

=

Naannil 37 ssmioaidoa lwan 4 win ﬁﬂ"l,ﬂi‘@@hﬂﬁ@@ﬂﬁml,aaﬁmmmaﬂﬁu 593 W1
Tuas LL&”’Jﬁﬁmmsgﬁﬂﬁmmﬁ"ﬁma%“wmwxlmmgm FeSO, *7H,0

35 mﬁLmﬁ:ﬁqw'ﬁgﬂﬁﬁma%a'ﬁai:ﬁaU%’% total antioxidant capacity
aaulasanITuad Dasgupta ez De (2004 : 219-224)

dunsiienzimanumansanslunsdvenyadas: lasihasanaan
RIUGAS e]maas‘i’mﬁylmyjm 0.5 §88AnT LANaNI8zATY sulfuric  acid  AMNLTNTW 0.6 LU
sodium phosphate AMNLTNTH 28 Nadlua LAz ammonium molybdate  ANNLTNTW 4
Nadlua atn9az 1 NadanT LLazﬁ’leﬂﬂ&Iﬁqmﬁﬂuﬁ 95 asrLmaldes (Hwna 90 wift Helsly
LI ﬁqm%nﬂﬁﬁaa ﬁ'}"[ﬁﬁ'@mmsg@ﬂﬁuuaoﬁmmm’mﬁlu 659 w1 luwwas wW3puiisy
Aanssumsduanyadaszny BHA uaz A AuD
4. MINeREUNIMsEIMMTAA INaLATH daulasunan Misur uas Turk (2001 :

155-165)

minagaugninsdulnaesudaiudjAisofndonihldifalsaminan
Tasmsnagaumsndanndudrs guesinidslwalunaaanases a13ilinasauda bovine
serum albumin (BSA) nu D-fructose 14 potassium phosphate buffer (pH 7.4) ﬂ&lluﬁﬂ&l
punnd 37 avewalBua Llwian 7w mmeseuvhlasmyiadiniganiuuaia
Lﬂ'%a\‘] spectrofluorometer ﬁmmi@@ﬂﬁuuad‘ﬁlmwmlﬂﬁu excitation ; 370 nm LR
emission; 440 wilwuas uazld Aminoguanidine WudSsuianlumssudsinaedu
anwsansalumasussmaialnaedudiuwiasldan

Inhibition (Lﬂaﬂ%uﬁ) = 100-[fluorescence intensity (sample) - fluorescence intensity (blank

of sample)] x 100 / [fluorescence intensity (control) —fluorescence intensity (blank of control)

5. MINaRaUNIMITuLLATISY
5.1 ﬂ’]il,@]'%fzmmiaﬁ‘@mﬂfhmme]maaﬁmﬁymlmyj loun lu &du uazaan
I@U%%Llﬂi&jﬁ (Maceration) (1W3% WQ9Ma. 2542 : 17) WdIuens qmaaﬁmﬁyylmy' a9l
=010 N9lWaidasin v dududn ﬁﬂﬂamﬁaﬁqnmgﬁ 50°C 1fluaen 3-4 Fu iauws

LRVNNUAA LA TAIUA BTN
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5.2 mIessudauuafideilslunmmesay
vmMasuanuaiiiay Ao Samonella typhi , Eschercihia coli O157:H7,
Klebsiella Pneumoniae, Vibrio cholerae , Pseudomonas aeruginosa ngmlumm‘i
Mueller-Hinton  broth(ANAX®IN N) ﬁqmﬁ{]ﬁ 37°C 1flwan 24 Talug imsiaeans
uuafliSaean 0.85 1asiGud normol saline solution lapd3uliianududuyulndifsinia
AU McFarland standard No. 0.5 (nMawwan n) windusiwwdanuafidodszanm
1.5x10° \waacoNaaanT

5.3 N13W1E1 MIC (Minimal inihbititory concentration) 1a8/3% Tube dilution
method (Oonmetta-aree and others. 2006 : 1214-1220)

N30 RITINANNFIBA G]maasi'mﬁﬁlmyﬁﬁmﬁmaau wad bAne b
mysussuuefiBalasyinmsieansainsias 2 Wi (2-fold serial dilution) lagmstioansasly
oy qlumammaaﬁamsqmms Mueller-Hinton broth T#SUSanamanue 5 Ha8aaT uas
2O ANUTNTHVIFITANY 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128 Uaz 1:256 A1US1GL
nsisesnadauuaiii3oaas Normol saline solution 0.85% losduldtianugulndides
\¥Nf% McFarland standard No. 0.5 Winfudwuidiouuafizesseanm 1.5x10° 1wadda
ﬁaﬁﬁ@ﬂﬂﬂmﬂLﬂ@g@L%ﬂﬁm‘%wvlﬂuﬁa 4.2 31 0.5 fadans i ldlunasafivhnmsieans
RIIFNAIINFINAN e]maaﬁmﬁsllmijl,’?uﬁa LLa:ma@ﬁﬁuﬂumsmaaamuqu 1 waoaf
lilddnansana dnasanaaasannds 3.3 "Lﬂﬂuﬁqmunuﬁ 37°C lwaan 24 $alug ndin
NamimaaaI@Um’mgm'maamlw"lﬁﬁmwmjumau%aiﬂﬂmi%lﬁf?a (Streak plate) Lﬁ'ag]

MITuBIMa3 Y Teluldsznaaanaaad
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a

aannlslnn1vive

s

aﬁaﬁl‘*ﬁ’lumﬁﬁ‘ﬂﬁaya i
1. ahanug leun
1.1 ALaae
12 Jowas

1.3 andouuuinasgw

aAa { a ~ a Q(
2. anm‘ﬁlﬂumiw@aauauwgmmaamm Lﬂiﬁzﬁﬂi&nma’ﬁaaﬂﬂﬂﬁ‘ﬂﬁd

@ ¥ \ £ o a £ o < aady o
Finwandiudrs guasinidulnggnimidueyyadas gninmsdwlnaiadu sdanls
F-test (One-way Analysis of Variance) sz 1isuiisudiadoiuied auisues Scheffe
f3zau 0.05 lagllusunsudniagy SPSS Version 12.0



AanIInNaaag u,aﬁminfwamsﬂﬂaaa

lumnasesfddulddufiunsauaraniinasssausiey Git
1. aeaufl 1 USanmanseangnimetann lusaudnsgasinidelng leud 1
9% Uazaan
1.1 Y laduuaznsa ludusiiadng g
1.2 Ysumanstsznauiuedn
1.3 USuraasiudiualsfin wazdandud lasoaw nanisnaaadidn
Saansunsuinminu
2. @oufl 2 qw%fmwi”’mmg;ﬁmﬁm:
2.1 qm‘ﬁ:ﬂﬁﬁma%aﬁmzﬁ’m%% DPPH radical scavenging activity 318971
Nan1Inaaadtdwa IC, (50% Inhibition concentration) L&A1 % scavenging
2.2 qw%{ﬂﬁiﬁ’lua%gaamzﬁ’s 835 Hydroxyl radical scavenging activity
% NaN1INaaadtduen 1Cs, (50% Inhibition concentration) Wazf1 % scavenging
2.3 qw%gmiﬁma%aaanﬁw%% [-carotene-linoleate bleaching 31891%
NamsmaaaLﬂumai%m%mmﬁuﬂgaa%a‘émz
2.4 qw’ﬁ‘(ﬂ’]iﬁ’luavg%}aam:ﬁﬁﬁﬁ Ferric reducing/antioxidant power(FRAP)
‘numumimaamﬂmﬂa*i%uﬁmaamsﬂ'uﬂv'aawaamz
2.5 fmffmsﬁ"mmwaaaﬁzﬁ’m%% Total antioxidant capacity 3183TUNAINT
mmaol,flul,ﬂai%uﬁmaamsﬂ'u&awaﬁmz
3. aaufi 3 gninsaulnaesulunasanaass
4. aawil 4 gndmIduuuafiGe

HaNIIAIIzRTDYA

{ a :Sf ' ] Q/ ¥ 1 v 1 o v
aanh 1 USumensaangninedinan lusuwds guasdnidelnng laun lu dew
LRZAAN
1.1 Bonaliuuaznse ludusiadnsg
msanUSI s lusiuuazaaalsias (nS8/100 3N 2assimindon) 270
' ' o & ' oA AA a o a6 P A
fuag gasnnidelna wudnd mumﬂsmm"lwuuamaaIsWaauwan@ﬂa Ty

(0.77 + 0.07) 709890188 @an (0.75 + 0.11) uazenaw (0.44 + 0.14) 1udnasnnidelnan
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ﬁﬂ%mm"lmifml,a:ﬂaaisﬂaz?ﬁaﬂﬁqﬂ aagadluanse 5 USinmluiuuazaaalsladangin

] A ' ! AAd a ¥ A€ A A
[N G]Taﬂﬂmu’]ﬂ@ua’]ﬂ WU ﬁ’auﬂ&lﬂiu’lmvl?l&luLLazﬂaaIiWaa&l’m“flq@ﬂa 1']_|

(0.60+0.13) 389893188 §16% (0.42+0.04) waz aan(0.31:0.17) iugruvesdinslngfid

[

snmlviuuazaaalifadtesngn (41374 6)

a3 5 YT luduuszasalilas nauarsguasaniislng)

. . Pnuluduuazasalsdlas
ADEIRINVDINT 5 . v o o —
(ﬂi&l/']OO nay ?JE]G%’W\%T]LI]EJT]) ( X+ SD )
Tu 0.77 + 0.07
8161 0.44 + 0.14
@an 0.75 + 0.11

@719 6 USunmladuuazaaalsdlas mnainay guasdnidslng

. . Uunmladuuazasalsilas
Ao8IEIUTIRT 5 5 e —
(N31/100 N3u vasshminbun) ( X £ SD)
Ty 0.60£0.13
el 0.42+0.04
aan 0.31£0.17

myeTeRassUsznavvesluiulasnyldiaios latroscan  (TLC/FID)  Téiawas
VL‘IJﬁ%ﬁW‘lJ Ao Triacylglycerol , Phytosterol , Phospholipids ae Free fatty acid %d
Triacylglycerol Lﬂuaaﬁﬂs:ﬂamlaoLﬂu"lmﬁuﬁwumﬂunﬂmumaaﬁmﬁyﬂlmy' wumﬂﬁq@
luginvasluuazdnau fedUSuos 67.65¢3.50 WAy 67.03¢4.29 @INAIGL  LATABN
(17.09+2.65)  HuFu1muste ﬂﬁ'q@ USunanludusfia  Phytosterol wumﬂﬁq@lu AAu
(32.96+4.29) 389893NR0 @an (14.95 +3.70)  wazswiduSunmasddsznoyladusiia
Phytosterol ﬁaﬂﬁq@ Ao lu (9.60+2.92) asAdsznavvadlusiuaiia Phospholipids WUNIN
ﬁﬁgmiuﬁhumamaﬂ ( 67.94£3.55 ) ua bwuluddu wazFree fatty acid wutawizluaiuaad
lu udldnulusruvassrduiazaan aauaadluarsd 7
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a [ 3 6 % 1 ' t% & 1 o A
AN 7 mﬁLm’]:maaﬂﬂ‘i:ﬂamlao"lwumnmumde]maawm,mﬂmyi@ﬂmmao
latroscan (TLC/FID)

29U TznauvaInIa LuNY (1Uastdud) ( X + SD )

AUV INT
TAG PS PL FFA
1‘]_| 67.65+3.50 9.60+2.92 10.74+0.72 11.98+0.83
8191% 67.0314.29 32.9614.29 ND ND
AN 17.091+2.65 14.95 +3.70 67.94+3.55 ND

TGA = Triacylglycerol, PS = Phytosterol
PL = Phospholipids , FFA= Free fatty acid
ND = Jaigu15aasiany

ANTIATIERBIRYTTNaUVRI LN WINNFINGT G]mammmmﬁuami@ﬂ%m%m
latroscan  (TLC/FID) mﬁwmaﬂmﬁuﬁwumnﬁq@ﬁa fa Phospholipids Juasddsenavvas
Li’lu"l,mﬁuﬁwumnlunndaumaaqmmﬂé‘iumﬂ wumnﬁq@lummaalu AaldSum
74.98+3.61 URZANAW (54.10+4.16) ﬁﬂ%mmﬁaﬂﬁq@ YSunawluiusfia Phytosterol WuNn
ﬁq@lu A8N(35.69+1.33) JOIRINIAD 16 (41.07+3.74) uarsufidUSunmesrdszney
luguwiia Phytosterol ﬁaﬂﬁq@ Aa Ty (11.42+1.77) asfdsznavvadlaiusiia
Triacylglycerol wumnﬁqalﬂu (7.31+2.23) ud hinuluddu uazFree fatty acid WULANE
lugmvasly udldnuluguvassrduuazaan asuaasluaas 8

1719 8 mIlianzhasdlsznanved luiunnaiude guasguusaumolasldiaas
latroscan (TLC/FID)

29AUTznau2aINIa lUNY (1Ua3tTud) ( X + SD )

SINUDINT
TAG PS PL FFA
1‘]_1 7.31+2.23 11.42:1.77 74.98+3.61 4.82+0.62
0w 4.82+0.62 41.07+3.74 54.10+4.16 ND

aan 4.97+0.49 35.69+£1.33 59.33+1.74 ND
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M IaIna1d guasdnidelrguiananiasdlznauaadnia lualik Lazaw
Watuuasnta lwsin laonsld asalswasy :  wmuea 2 : 1) wazh liensdnsaloin
lasnsltinafia Gas Chromatography N33LATZHRW29AUTENBLUALANUENTUVBINTA
luain 2zdaslrsnsunasgiwniglu §o Tricosanic acid (C23:0) lagnisaassniasgiudi U

v Qs e 1] o o qltﬂ‘y lﬂl £ 6 L =1 s
wiannuanIaasne uazvinnmsdwinlasltiunlannwuesesdtsznaunsa lady suny
& de o = . & o A . \
W lanWpaIsINIaIgI% INMTANHINLI adddsznavvainsa ldunwulusiueng g
pasnniialng wislaaandunialeiu 3 ofia fa nialudududn (saturated fatty acid ;

LY a a P> ' . o
SFA) nyalasin  ludnanilediunils (monounsaturated fatty acid ; MUFA) WasnIa busis
ldduarnansdiunis (polyunsaturated fatty acid ; PUFA)  WU31 816114(44.3024.28) &
& o A o A A a & o
ddsznavvaInIaladududinnnige sasasande lu uszaantasddznauvainialuiu
A o o A v A o A A ' o & | A . .
audasfiga nialududndmfinuannfigalunnaiuvesinidslngife paimitic acid (C16:0)
389898178 stearic acid (C18:0) myristic acid (14:0) arachidic acid (C20:0) margaric acid
(C17:0) wazpentadecanoic acid (C15:0) Lﬂuadﬁﬂizﬂaumadﬂmhﬁuﬁwuﬁaﬂﬁq@ (91379
' o a o P~ . "\ o W
7) nguzaInia ludulududimisdiunis (MUFA) aannsnsinodn §16u (13.73£1.28) 4
ayddsznavvenaludiusiia MUFA  anfiga sadadanfe aan (12.60£1.83)  uazly
(8.83£2.68) NasAlsznavvainialudusiia MUPA dasfiga nialudiuziia MUPA fiwy
anfiga lunnarudnidelngife oleic acid (C 18:1) uaz pentadecenoic acid (C15:1) ilu
n3a lusiusiia MUPA Iwudasfiga (91319 7) ﬂ&jmaaﬂs@"lmﬁu"l&iﬁuﬁmmm’mmm
(PUFA) annnsdinswudnly (61.186.86) Hesdsznauvas PUFA annfign sadadunda
aan (59.04+2.50) uaz §16u (41.961.85) AdTanmnialaduriia PUFA asfiga (11319 7)
nialadusfia PUFA fiwunnfigadia alpha-linolenic acid (C18:3n-3) waz Linoleic acid

(C18:2n-6) G913 9 LAZNIN 14

S 80 -
<
aag
3 60 r —
= OSFA
E 40 4 B MUFA
7 d
“g COPUFA
g€ 20 A
g
&
= 0 T T T 1
Ty adu AN
fI0ENITIUAIVBINYT

M 14 PSanmesddsznauvesnse lawlwanidalng)
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@17 9 asfdsznavvanialadiu (osiduduasnsalasiuninue) ansudsgas
Andelng
N9 U inudplng
lu 8% aan
12:0 ND 4,75+0.72 ND
14:0 5.46+0.56 11.6710.56 2.3310.2
15:0 ND 0.87+0.13 0.25+0.18
16:0 16.69+1.43 20.20+1.99 18.79+0.64
17:0 ND 0.66+0.30 0.65+0.81
18:0 5.7614.25 4,99+0.34 4.47+0.50
20:0 2.08+0.58 1.161£0.24 0.80+0.20
Total SFA 29.99+6.82 44.30+4.28 27.29+2.53
15:1 ND 0.34+0.09 0.10+0.06
16:1 2.90+0.88 0.93+0.12 0.47+0.19
18:1 3.89+1.17 8.42+0.16 11.36£1.13
20:1 2.01+0.63 4.04+0.91 0.77+0.45
Total MUFA 8.80+2.68 13.731£1.28 12.60£1.83
16:3n-3 6.44+3.86 0.76x0.42 ND
18:3n-3 46.1310.94 23.1410.54 32.20+1.03
Total n-3 52.54+4.80 23.90+0.96 32.20+1.03
18:2n-6 8.59+2.06 18.0210.89 26.84+1.47
Total n-6 8.59+2.06 18.02+0.89 26.84+1.47
Total PUFA 61.13+6.86 41.9211.85 59.04+2.50

NNIFNEINLIN asRlsznavvasnialadufinulugindns e]maaﬂmmﬂ?iumﬂ
weldoenidunsalosin 3 vile wwdsanudndelvg  wud lu 61.10:050)
aaﬁﬂszﬂaumaoﬂmvlmﬁu‘é"uﬁamﬂﬁq@ 789898778 A16% wazAaniednlIsznauvadnIa
luiududaiesiige nm"l:uﬁ'u‘éué’aﬁwumﬂ'ﬁq@lunﬂdmmaaﬁmﬁﬂﬂ@jﬁa palmitic ~ acid
(C16:0) 789898178 stearic acid (C18:0) (A1319 10) m\jmaoﬂmvlﬂlﬁu"l,&i’iiwﬁmﬁw‘hLmu',d
(MUFA) 3nnMsAnNsIWLIN aan (18.39£0.75) Hadnvsznavvadsnialatiusiia MUFA w10
ﬁq@ J898931A8 lU(17.00£0.03) uwazdAGY (16.45¢2.2) Hasndsznavveinsa luiusia
MUPA ﬁaﬂﬁq@ n3a ladusiia MUPA ﬁwumﬂ‘ﬁq@ 1%nndauc3’m§ﬂmy’ﬁa oleic acid (C
18:1) W@z pentadecenoic acid (C15:1) \Junsalasiusiia MUPA ﬁwuﬁamﬁq@ (61314 10)
mjmaanm"lfnﬁu"[&i'éwé’mmw‘hl,mm (PUFA) annmsAn®Inuinean (53.30+0.22) &
a9Alsznauvad PUFA mﬂ‘?‘iq@ J0989N1AD §N0W (41.62+6.74) uae U (36.31£0.28) X
USunmnia luiusiia PUFA ﬁamﬁq@ (M319410)  nIa luNusia PUFA ﬁww’mﬁq@ﬁa

alpha-linolenic acid (C18:3n-3) Wag Linoleic acid (C18:2n-6) AILEAILUAITIE 10 WAZAIW 15



@134 10 29aUsznavvaInIa luiy (Wesifuduasnialuiuninua)
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IMNRINAI VDI
qmmu?iumﬂ
salsi @mmoyﬁumﬂ
Ty few aan
12:0 ND 2.27+0.69 0.36+0.01
14:0 ND 5.75+0.51 0.43+0.05
15:0 ND 0.52+0.20 0.65+0.18
16:0 54.04 +0.46 26.95+2.56 21.50+0.60
17:0 ND 0.43+0.13 0.52+0.02
18:0 10.094£0.09 5.22+0.46 3.83+£0.48
20:0 ND 0.73+£0.35 0.94+0.20
Total SFA 64.10+0.50 41.87+4.90 28.23+1.54
15:1 ND 0.23+0.08 0.32+0.01
16:1 ND 1.35+4.90 0.74+0.15
18:1 17.00£0.03 11.5243.60 14.58+0.33
20:1 ND 3.35+1.44 2.72+0.26
Total MUFA 17.00£0.03 16.4512.2 18.3910.75
16:3n-3 ND ND ND
18:3n-3 36.31+0.28 16.584+5.95 20.01£0.10
Total n-3 36.31+0.28 16.58+5.95 20.01+0.10
18:2n-6 ND 25.04+0.79 33.29+0.12
Total n-6 ND 25.04+0.79 33.29+0.12
Total PUFA 36.31+0.28 41.6216.74 53.30+0.22

mandSumenuidutwuasnsa ludn (Fatty acid concentration) lunnidslnan uas

ﬂm%ﬁﬂa%a’]ﬁ PMNMTANWINDIN ﬁﬂ%mmmwmﬁuiumaam@"lmﬁ’u%ammsnLLu'daaﬂVL@T 3

ngufa n3a lualudNd (Saturated  fatty  acid

SFA) n3a lusiuldduainiadunie

(Monounsaturated Fatty acid : MUFA) LaznIa budu L uamansdnuniis (Poly unsaturated

Fatty acid: PUFA) lu nguvas SFA vasinidolwgidianmanududu aglugae 295.07-

Aa

478.85 HaaNIN/100 NIRRT N lumjmm MUFA  @nswuqn AUSanmany

Wt uad MUFA ag’lwﬁaa 95.27- 148.33 aaNIN/100 nINVaInnnllen
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(Y
=
S 80 7
aD;
2
g 60 — E sra
o=
g 40 7 M Mvura
@
~E 20 ] PUFA
o3
wg 0 —
=
Ty a1du Aon
|l \ A
AUV INY

AW 15 ﬂ%&l’]f%ﬂdﬁﬂi&ﬂ@‘i.l‘lla\‘}ﬂiﬂvlmﬁjluluﬂm%’lUa%ﬁ’lﬂ

lungu PUFA fimsudseanidungdudenld 2 ndu fia nqulawwin-3 (Omega 3) uaz
ngulaini 6(0mega 6) Anwwudn ngulaiwi 3 wunialusiu 2 sliafe naludiulaluia
in (Linolenic acid ; C18:3n-3) uazn3a luiulalasiwuazdludn (Eicosapentaenoic acid ;
C20:5n-3) launialusiulunguuaslaiurm 3 i famuauti@lunisaalalylyséu (Lipoprotein)
luduuazaatSunmnaaiasaataa (Chloresterol) luidwdaa tlunsdasnunisiialsaniu
aulafiags uazlniale (Duo Li uazamie, 2002) Iulumaoﬁmﬁﬂmyjﬁﬂ%mmmwmﬁuﬁu
sasnsaluiuwlaluiafin 567.79 Hadnsu/100 nfuvesiminden  suanudutusasne
lusiu EPA linuludaudrsnesdnidelng lungunsaladulungulawi 6 Anwiwunia
lodiu 2 ofia fe naludulaluiada (C18:2n-6) launsalusiulungulairi 6 Suszlomise
smesunsnanzeulaamantos wazlasnawalsd snnssafivszaulaaanasaaia
HDL (High density lipoprotein) luliaa (1&n anwsuinzi, 2540) luaanvesdnidelngd
Usnaanudutuvesnsalaiulaluedn 92.78 Sadnsu/100 niwweniminden asasg
1M1
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319 11 dSanmenudutuedludu (Jadnsu/100 nsuvasimvniten) annauaeg

vaadnidelng
n3e by dnilalng
lu fon @an
12:0 ND 51.37+7.87 ND
14:0 59.0416.07 126.09+41.29 25.2412.84
15:0 ND 9.45+1.45 2.73£1.95
16:0 180.25£15.53 218.23+21.50 203.0116.91
17:0 ND 7.13+£1.09 7.04+£1.79
18:0 62.27+5.89 53.954£3.72 48.32+5.49
20:0 22.50+6.29 12.63£1.13 8.73+£2.25
SFA 324.061£45.44 478.85+18.46 205.07+8.44
15:1 ND 3.68+0.99 1.09+0.69
16:1 31.4249.53 10.07+1.36 5.08+2.12
18:1 42.08+12.7 90.931£1.73 122.71£12.25
20:1 21.77+6.81 43.65+9.87 8.33+4.93
MUFA 95.27+5.36 148.33+£7.63 137.21£11.53
16:3n-3 69.61+4.17 8.21+4.56 ND
18:3n-3 498.18+£10.24 249.8915.87 357.68+11.13
Total n-3 567.79+51.62 258.10+4.79 357.68+11.13
18:2n-6 92.78+12.33 194.06+9.63 289.92+15.96
Total n-6 92.78+12.33 194.0649.63 289.92+15.96
PUFA 660.57+40.25 452.16+7.68 647.6£15.43

USRI ULTUT WU D INTA LU 1 1uﬂmmm?mmﬂ ANNITANBINLIN bk ﬂq'mlao
SFA H1SunmanuNTwUag SFAagJiFLmi’m 305.70- 624.67 NAANIN/100 NTNVAIHIRIN
wen Iunajmaa MUFA  @nwuin ddSunmaiuidutwuas MUFA ag’lmﬁw 177.95-

264.00 YaaNTN/100 NSNVaIEIRLNLLeN
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w16 USunmanudatuaes laduwangindns guasdniislng

YSunmanuituduues law (Iafnin/100 nsuwesinniniten) nnaiud1a g

AN379 12
maoqmmmé‘iumﬂ
Fatty acids @am%’]ﬂa%a’]ﬂ
Ty fAn @an

12:0 ND 24.56+7.50 3.92+0.19
14:0 ND 62.14+5.58 5.19+0.56
15:0 ND 5.62+2.26 7.04+1.98
16:0 524.67+9.75 291.06+£2.27 232.24+16.55
17:0 ND 4.68+1.19 5.68+0.28
18:0 100.09+0.90 56.43+5.06 41.4445.19
20:0 ND 7.91+£3.79 10.19+2.18
SFA 624.67+10.65 452.4+14 .48 305.7+9.05
15:1 ND 2.56+0.94 3.53+0.12
16:1 ND 14.65+5.29 8.09+1.63
18:1 264.00+7.13 124.46+38.94 157.48+3.66
20:1 ND 36.28+5.62 29.39+2.83
MUFA 264.00+£7.13 177.95+16.85 198.49+8.84

16:3n-3 ND ND ND
18:3n-3 315.00+11.28 179.06+12.27 216.17+1.16

Total n-3 315.00+11.28 179.06+12.27 216.17+1.16
18:2n-6 ND 270.46+8.58 359.51+1.39

Total n-6 ND 270.46+8.58 359.51+1.39

PUFA

315.00+11.28

449.52+25.32

576.68+11.01
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1w aédu AN

v v A
AIUAN)VIINY

w17 dsunmanududuued luiuwanaauans JUDIA AW AENE

lungy PUFA fimsudseanidungudanld 2 ndu fia ndulawin-3 (Omega 3) uaz
ngulaini 6(0mega 6) Anwwudn ngulaiwd 3 wunialusiu 2 sliafs naludiulaluia
fin (Linolenic acid ; C18:3n-3) uazn3a luiulalasiwuazdludn (Eicosapentaenoic acid ;
C20:5n-3) lumaﬂmaaqmmm‘?iumﬂﬁﬂ%mmmmLﬁuﬁumaani@wvlmﬁuvlaluLaﬁﬂ 216.17

FRRNTN/100 NTNVaIvHNTYN  wasdUSI AU NTWYaINIA AW la e dn 359.51
F88NIN/100 NTNVAIERINLDEN AIANT9 12

1.2 YSunmansdsznauiuaia
PiunmssdznavAuedalusrudrs guasnniialng wudrluddsunmsnsdsznay

WAnadnunnga 1asa9nfa §du uazaen JlSanmmsdznauiuedaaufiga(@1is 13)

79 13 YSunaansdsznauduadaludindns G]maaﬁmﬁﬂlmy' (mg GAE/100 g sample)

fIUVDINT USunaansusznaudnada
Ty 24.12+0.15
;AN 8.60+0.91

@an 5.69+0.86
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719 14 YSanaansdsznauAuadaludiudns JUBIAUWILAENY (Mg GAE/100 g sample)

RAUVDINTY Pnmssdaznauiuade
[31 2.1310.05
el 2.34£0.11
aan 2.6710.09

YSunmanstsznavuadalugiudnd e]mammmﬂ?mmu wueanldTunm
= a dl A o v a A | a v dl
§13U5znay Wuaaﬂmn‘nq@ Ja9ad1fa adw uazly wﬂsmmawﬂsznauﬂuaaﬂuamq@

(@179 14)

. & v a dlo >3 s & & a [ s 6 o

Total phenolic compound Lﬂumimuamﬁlaam:wmmym%m TINAMUTINUDNY

@1 %radical scavenging TasfnsudsauaunumindIana total phenolic compound

1N %radical scavenging 3AAININABLG IUA2DE19NINNIININITNARBINLINEINVDS

A A a . @ A . .

ﬂaﬂﬂmmﬂ@mmﬂuﬂimm total phenolic compound ~ Uagulad %radical scavenging &3

uwazludawludnidelwg 5o total phenolic compound gIueen %radical scavenging
v { 1 £ A 0 g ' a ¢ . .

woe hasunndsseengninwuludniislvginannaiasiiads %radical scavenging

{ v Qr v a a {
ﬁmaau"l@ pradunise NNV mimuaggaaaizmﬁu

nmsansUSumsIfinednangrudrs gasdnidalng lasldasunasgiu gallic

acid, tannic acid, (+)-catechin, caffeic acid, p-coumaric, ferulic acid LLaz benzoic acid WU
1 £ g 1 A a A . . . . .

nnmumawmuﬂ%mﬁ ATIINLATIINUEIWNUAAAAAD gallic acid, tannic acid, (+)-catechin
lagavawudludinvaslufidSunm galic acid wsz tannic acid W ngafiLTunm 21.01

uwaz 0.51 Jadniuda 100 g iwinidan (+)-catechin acid WusINfiga aan U3unm 5.23

2
s 1 o

faanIuda 100 g dnwniden
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(%

a3 15 Runmsinede (Jadniu/Aan)lusiudrsguasninidslng

sTiuade &IUAN9 qmaoﬁnﬁal%qj ( X £ SD ) T
ly SRt @8N ( X+SD)
gallic acid 21.01 £ 042 6.89 + 0.89 10.97 £ 0.97 38.87+1.90
tannic acid 0.51 £ 0.77 0.29 £ 0.20 0.29 £ 0.81 1.09+1.78
(+)-catechin 2.54 £ 0.90 0.84 £ 0.35 5.23 £ 0.52 3.90+1.77
caffeic acid ND ND ND ND
p-coumaric ND ND ND ND
ferulic acid ND ND ND ND
benzoic acid ND ND ND ND

ND = &I1I0a39WY

NN AeNRdSImasUsenevueda wuinlufivsuavessnsUsenay Auad
agee uazldiianziaInguiuasialasnsldinadia HPLC wudﬂunﬂﬁhmaaﬁmﬁﬂmyj
fSmanInaneiue ualasUseneuiuedeuedll munsausdldiniuas siale lag
Tagtunuirasdsznevlungulndiuaada 1w Wanliuad (flavonoids) Hitaldswuand
(phenylpropanoids) LﬂumsﬁﬁUﬂmﬂz%ﬁﬁfyslumsﬁma%aﬁa‘sz dam JrazqUd. 2549 :
123) INMIANBINMITZNATNEINLI aNTB0NNENNITIMMIBREN IR AEIT sl
ansaTMaaguaztinsaosiumstialsavalas Tsauzss lsaioanunaaatan uas
Tsawalasanralsndug (lan JriqUd. 2549 : 123 ; Simopoulos. 2003 : 405-412
; Kalirage and Dedoussis. 2007 : 99-109)

1.3 YSnaasiumualsiin wazianiug
maenerdsnmmsudualsin uaziadudandiuans g9
Aol wod Wl wuwdualsiin mﬂﬁ'q@ (58.000.012) 78489N1A8 @8N
(55.00+0.048) LLaxﬂ%mmmimﬁnmkﬁuwuﬁamﬁq@lumummé’ﬂﬁu (29.00+0.089)
ﬂ'%mm%mﬁu%wumnﬁqwlu‘lu (399.00+0.79) 589893178 ABNUAZEIAH AILFAILBATIT
16
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a2 Qg 1 1 Led ¥ 1
1313 16 ﬂ‘:mmm‘:aaﬂqwﬁma%’;mwmaomumoe]maawmflsﬂmy

= Qs‘
SIRFRIATG e bho) ﬂﬂf]‘ﬂﬁ“ﬂ’]d%’lﬂﬂw

§IUVBIND (ulasnsunsuvasiminuis) ( X +sD)
wéualsfin FanAud
Ty 58.00+£0.012 399.00+0.79
;au 29.00+0.089 227.00+0.68
AN 55.00+0.048 232.00£0.92

ND = laignnsnasiany

{ Q€ U a
AU 2 QNIMITNUEUNADRIE
~ Q( v ~ v ~Q
ﬂ'mLﬂﬁ:ﬁqwﬁmimua%aamzmm% DPPH radical scavenging activity
! | Y g ' o { A
ANFINEN ¢ mawmﬁaﬂ,myLLamwaI@Umsmmms@@ﬂﬁmmﬁ 517 nm TIAMURNLVD
' A o & . . v ' . . A
m@@ﬂammmmmaaﬂml,ﬂu % radical scavenging 11%1NA1 % radical scavenging da1
mﬂLLam’héf’Jasmﬁmmmm‘mlumsﬁma%a'éa‘s::mﬂimmﬂ'%slmﬁwé"sazmﬁ‘ua’rs
A ' . . o ' ' ' o & ]
¥1A331% A BHA @1 %radical  scavenging  9MN@2a8198UA9 9 vasnnidelngien
' [ A {a o W ! | @
LanEIN% Sidunldmngafes aan  d16n waly lasfidnuvinAu 91.01 9011 uae
76.71 Wosidud audey uazlaidSouifsulaonsldanysumanuidudusasnsoues
813 DPPH 16 50% (50% Inhibition concentration, ICs,) AANNLANGIAWNNIRTABENIS
o o @ g Ao &y A A o v ) A A o
wuFIA (p< 0.05) mmumum%man@ﬂa aan f6du uazdanfigana lu aauaaslu

a1313 17
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£ v a [ Aa . . .« i
a13g 17 qwﬁmsmua%aam:mm% DPPH radical scavenging activity Ja38138NA31N

gauen guasnniislng

. aMNLTuT W Inhibition . ICs
AL Regression equation(r)
(mg/ml) SD (mg/ml)
1y 0.1 13.71+£019  y=14715x + 10.412  0.100.76"
0.2 48.59 + 2.11 (r=0.8612)
0.4 63.99 + 1.07
0.8 69.78 + 0.25
1.6 76.71 + 0.42
Rl 0.1 28.53 + 1.88 y = 16.799x + 14.725 () 1540 39"
0.2 43.34 + 7.75 (r=0.9177)
0.4 75.42 + 2.67
0.8 88.18 + 0.14
1.6 90.11 + 0.45
@an 0.1 47.76 + 0.22 y = 9.9775x +48.29 0.00620.54°
0.2 76.01 + 0.19 (r=0.7678)
0.4 86.95 + 0.09
0.8 88.95 + 0.11
1.6 91.01 £ 0.09

***g b C

[

" aaNAANBITNUAIINT 1NUIIAILABINKITRANNLANEII WD 1IN RBEATY (P<0.05)
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£ (% a [% a . . — g
f13149 18 qmmsmua%aam:mm% Hydroxyl radical scavenging activity 2aJd8178N@

ndmds guasnnidelng)

0819 aMUTNTU (mg/ml) % Inhibition + SD Re;greSSion equation  1Cso
(r) (mg/mi)
u 0.1 1204081  y=36885x+2644 0.25:0.08"
0.2 4.16 + 0.36 (r = 0.9548)
0.4 6.50 + 0.34
0.8 11.95 + 1.13
16 14.91 + 0.76
0.1 051+ 050  y=46767x+16.976 0.28+0.04°
6% 0.2 2.12 + 0.89 (r=0.9633)
0.4 3.71 £ 0.49
0.8 6.56 £ 0.11
16 8.54+2.8
0.1 19.02+ 059  y=6.0792x + 14.135  0.230.05°
qan 0.2 0.51 £ 0.12 (r = 0.9657)
0.4 5.77 + 0.83
0.8 12.85 + 0.90
16 23.93 & 1.71

o

*53.b,C

U aaIN AN BIMAUEAINN® INUDIAILAINKITIAMULANAIN IR TREEIATY (P<0.05)
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79 19 myiananTIumIdueuyadaszaanis B-Carotene—linoleate bleaching

#8819 ALl Rog
lu 37.99 + 0.27° 0.62 £ 0.003°
e 22.67 £ 0.64° 0.77 £ 0.006°
aan 38.13 £ 1.19° 0.61 £ 0.012°
BHT 14.58 + 0.28"° 0.854 £ 0.003"

**a,b,c,... o A a
AIAILNDNA

(P<0.05)

a a o

NEIHIAUEIINY IINUDIAILALINWIETANVUANEIINUB LN RBRIATY

*Antioxidant activity index.

bOxidantion rate ratio.

0.7 -

0.6 - W\X
£ —— 1y
’9 05 n Y v
< —&— U
g 0.4 -
Q —A— Q0N
= 0.3 -
2 —>— BHT
2 0.2 1
< —%— Control
< 0.1 | ontro

O T T T T T T 1
0 20 40 60 80 100 120 140

Time (minutes)

W 18 aaNT Degradation °11adBTﬂLﬁzlslmyjﬁ’aﬂ%%B-Carotene—linoleate bleaching

v A (2 a [ a . . A &
ﬂ’m@mmsswmimua%aamzmm%‘ B-Carotene—llnoleate bleaching 9t
ada ot g; = 1 s o v o dq’ 1
ATNMIYULINIWNONRUDIFNT B-Carotene IINNIINANBIWLIN miaﬂm’mm@uwmuml%mﬂ

anuaanIalunmIaananiuasms B-Carotene ldwnfgaliiaSouifisuivasana
nanduguasnnidalng (@139 4 ) wananigewudn luansnnns Degradation 28982
' v & A A ' a avn o
avpasnnidelnaunluwiin 20 fwvedlunszaandanusunsalunisaannandle

o a o A ' < a AN va Y
Instaasnw waraeiwkl 2 Tlud luazianusuialunmsaansnensladniiaan a9
LRAILLATW 18
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ANTIANANITNNIFIWAANTLATUHAILIT FRAP  1Tw3TALa3eWrIa1a1d818130
i’sulumsﬁ’ma%aﬁmﬂ@mma ﬁﬁé’ﬂmﬁ’hmséf’ma%a'ﬁmzﬁmﬁwﬁimmmﬂﬁ’&ﬁﬂmau
99T Uz S é’aﬁfuﬁdﬂﬁhﬂﬁdwmwmmsmauiumsﬁma%aﬁaizlﬂumwmmsn
' A ad A9 o A v = 3+ . . . . .
Swlun3Iaad 33hlTanTUsenauiTateutadnan Fe -TPTZ (ferric tripyridyl triazine) 1D

=3 t:‘la‘ Aa A A U a YV &
FINAFAU az@]awmaﬂlumingmmﬂ@maa@mamsmua%aamz 1entuanstsznay

A v < @ 2+ = Y a { {
\TFITauUDIAANINESSH Fe -TPTZ Sﬁaﬁ%mLau@@ﬂﬁuumﬁmmmmﬁu 593 U1 ILNAT

o o
0 ©O© -
L L |

o
~
L
——
——

—t—

©c 0o o o o
N W b~ 01O
L L L L L

——

Antioxidant activity (mmol FeSO4
quivalent / 100g powder)

o
[y
I

|
|

u fan RRIE ascorbic acid BHA

o

f0en9

AN 19 ﬁamsmmsﬁma%aﬁm:ﬁaEFJ% FRAP

nuamInasasnuit ssanaanluvesdnidelng  WeiSoudsuiuasdiu
DUUADRTZNNATFIN BHA uaz ascorbic acid fianumuninlumadumduenyadaszld
Aniansatiaansiuaen wazddu  Sefiduriniu 0497902, 0.278983 uaz 0.129835
mmol FeSO,/100 g iminuis
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~a t§ U =) £ a . . .
19149 20 ﬂ’li’.lLﬂ‘i’]:ﬁfmﬁmimumwaaﬁﬁ‘;mm% Total antioxidant capacity

Equivlent to ascorbic acid Equivlent to BHA (mg)/mg

datng
(mg)/mg part of purslane part of purslane
Ty 0.458° 0.157"
e 0.555" 0.129°
@an 0.909 0.285"

**3 b

a o

“ranaandanwItinua1ant nunIasfgInwIzlinuLana e wad9 i v san
(P<0.05)

ﬂﬁﬂﬂﬂiﬁLﬂiﬂ$ﬁﬂﬂ§ﬁﬁiﬁﬁua%§aaaﬁzaf'Rﬁalanﬁoxwant capacity lWa1IENAAN
daudﬂoqmaoﬁhtﬁﬁlﬁqj‘ﬁﬂﬂﬂiﬁLﬂsﬂvﬁiﬁﬂﬂﬂsiﬁﬁﬂﬂwsgﬂﬂﬁuuaamaaﬁdaﬂﬁaﬁﬂaﬁmﬂwa
ﬂ§$56951rﬂmuumiu§aﬁﬁﬁwﬁ1ﬁmﬂﬁﬁuaru%WﬂawuaWNWinluﬂﬂsdjuaﬂsﬁﬁua%gaaai:ﬁﬁ
wiodln (mg/mg) W3 ABuRy Standard curve 89 BHA uaz3andnd fndilauansas
a13197 4.5 WU §13ENAIINAEn ﬁﬂaﬁwawwwsnluﬂﬂiLﬂuawsﬁﬁuaggaaaﬁzMWﬂﬁq@
(P<0.05) fia 0.909 mg/mg Ja4aduNfAa §1d1 LAz lUaN&IGY (0.555 waz 0.458 mg/mg

ANEIAL)

Q e 1 =3 a Q{ v A
ANy 21 ﬂ’n3JﬁNW%‘EﬁZ%’]’Nﬂi&ﬂm&’]ﬁﬂitﬂﬁ]ﬂﬂuaﬂﬂ LL&ZE]V]ﬁﬂ’]i@H%E]%%IﬂE]&?SFL%

3FAuANA1IN%
TPC DPPH  Hydroxyl FRAP  CLBA  TAC
TPC 1.00
DPPH 0711 1.00
Hydroxyl 0884 0827 1.00
FRAP 0.948  0.546 0.778 1.00
CLBA 0.374 0.109 0272  0.159 1.00
TAC 0.269 -0.71 0.131 0091 0982  1.00

** Significantly correlated at P<0.01, n=12
TAC : Total antioxidant capacity
TPC : Total phenol content

CLBA: B-Carotene—linoleate bleaching assay
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Q Q 1 a aQ QE‘ v A
mnuauwuf‘szmwﬂimmmsﬂszﬂaw’?\luaamm:qnﬁﬂ']smuag;ﬁlaaas:
Adn:ll 1 s [ 1 a = a A s [ 6
EL%’J‘E‘Y]LLGITWI’NT]‘H @GLL&@NI%@HS’N 16 WU YIumasdsznauNuadalanugunwd
{ o £ £y a a £ v a
N’]ﬂﬁE!@ﬂut]ﬂﬁﬂ"ﬁ@]’]%ﬂimﬂﬂﬁiz’)% FRAP (R = 0.948) 58\‘161\1&’1?‘16 qw‘.ﬁmimumg;&aaai:
#1833 Hydroxyl radical scavenging activity ( R = 0.884) W8z DPPH radical scavenging
activity (R= 0.771)

aaufi 3 gnimsdwlnaindulunasanansd

msfnuavssgninsswlnaatuniad fismmisniltiAalsawnu
lunaaanassivesmanaangiuds guasinidelng wuit ssataanlufenususn
lumssmlnaadudfigadoSoufisuiuasuasgiu aminoguanidine 384843nfa aan
WAZEA b ﬁf]‘ﬂ?ﬁ{ﬂ’ﬁﬁ’]uvl,ﬂaLﬂ%‘i«”ﬁﬁb&lﬁﬁg@ dnidelnafenusunsalumssudalnandu
"L@Tﬁﬂ’hqmmﬂaumﬂ AMNNINABDINLINENIRNAIINTIUEAN qﬁqw%gmiﬁmvlﬂamﬁuvlﬁ
uANENL AR EIATINIEDEA (p<0.05)

80 -
a;g
=
60
2 I
=
SE 40 W i
g
= [ aen
oo .
o 20
=
0 - T
Andelng) AUUBAUE Y
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79 22 denuidududigavaiasatianndud s guesinidelnginanadisinau
UnaaniTe lonuen 95 Wadidud waz LW Nenansngusasauuaiitele

Bacterial strains Minimum inhibitory concentration (MIC) (mg/ml)
95% ethanol Hexane
Samonella typhi 1.25+0.06 2.08+0.72
Escherichia coli O157:H7 1.25+0.06 2.08+0.72
Klebsiella Pneumoniae 1.25+0.06 2.50£0.00
Vibrio cholerae 1.25+0.06 1.66+0.72
Pseudomonas aeruginosa 4.17+1.44 2.08+0.72

a

4.2 m‘smaaummLimiu@iwq@mau%a’gam‘%ﬁ( Minimal Bactericidal
concentration: MBC)
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o o A & ¢ = & o & a AA Ao =< o
anaee LlofiaLeanagas 95 Woibud susngugInmslaiyveasuuafiisaninnmsinm e
fa Samonella typhi , Eschercihia coli O157:H7, Klebsiella pneumoniae \\as Vibrio cholerae
"L@i”ﬁmwﬁuiw‘hq@ 2.50 FAANITN/NIN  LANUIN msé’mmwaqﬂﬁaﬁ'@ﬁa?JLamsﬁu N30

futITa Samonella typhi lananudndudiga 2.50 Aadnia/dadtas
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Bacterial strains Minimum bacteriocidal concentration (MBC) (mg/ml)
95% ethanol Hexane
Samonella typhi 2.50+0.15 2.50+0.00
Escherichia coli O157:H7 2.50+0.15 4.17+1.44
Klebsiella Pneumoniae 2.50+0.15 4.17+1.44
Vibrio cholerae 2.50+0.15 3.33x1.44

Pseudomonas aeruginosa 3.33x1.44 4.17+1.44
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Antioxidant and antiglycation activities of Thai purslane (Portulaca oleracea)

leaf, stem and flower fractions extract in vitro

Sirithon Siriamornpun and Maitree Suttajit

Department of Food Technology and Nutrition, Faculty of Technology,
Mahasarakham University, 44000, Thailand.

Faculty of Science, Naresuan University Prayao Campus, Proyao,56000 Thailand

Abstract

Purslane (Portulaca oleracea) has long been regarded as a food and medicinal
plant. We investigated the antioxidant activity and total phenolic content of Thai
purslane. The water extract of leaf, stem and flower fractions were measured by
several in vitro systems of assays, namely DPPH radical scavenging activity,
hydroxyl radical scavenging activity, B-Carotene—linoleate bleaching assay, ferric
reducing / antioxidant power (FRAP) assay, total antioxidant capacity and
identification phenol compounds by high performance liquid chromatography with
the UV-Diode Array detection. The extracts of different fractions were found to have
different levels of antioxidant activity in the systems tested. The leaf extract showed
the highest value of antioxidant activity based on DPPH radical scavenging activity,
ferric reducing, while the green flower extract showed the highest value of antioxidant
activity based on hydroxyl radical scavenging activity, B-carotene—linoleate bleaching

assay and total antioxidant capacity. The predominant phenolic compounds were
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gallic acid followed by cafeic acid and catechin. Our present study demonstrated that
the water extract fractions of purslane have different responses in each antioxidant

method.

Keywords: Purslane ( Portulaca oleracea ); DPPH assay; hydroxyl radical scavenging
activity; B-Carotene—linoleate bleaching assay; FRAP assay; total antioxidant capacity

; total phenol content

1. Introduction

Research on relationship between the antioxidants and beneficial effect on
prevention of non-communicable disease such as cardiovascular disease, cancer,
diabetes etc, have been increasing sharply in recent years. Free radicals have been
claimed to play a key role affecting human health as a cause of several severe diseases
such as cancer, cardiovascular diseases and other diseases caused by cell
degeneration. These free radicals can be generated during normal body function, and
can be acquired from the environment. The oxygen radicals are associated with
cellular and metabolic injury, and accelerating aging, cancer, cardiovascular diseases ,
neurodegenerative dieases, and inflammation ( Ames, 1983; Stadtman, 1992; Sun,
1990; Dasgupta & De, 2006 ). The oxidative damage might be prevented or limited
by dietary antioxidants (Dasgupta et al, 2006). The most extensively used synthetic
antioxidant such as butylated hydroxyl anisole (BHA), and butylated hydroxyl
toluene (BHT), have restricted use in food and been suspected of being responsible
for liver damage and -carcinogenesis (Ito, Fukushima,& Tsuda, 1986; Suja,
Jayalekshmy & Arumughan, 2003; Grice, 1986; Wichi, 1988; Hettiarachchy, Glenn,

Gnanasambandam, & Jonhnson, 1996 ; Senevirathne, Kim, Siriwardhana, Ha, Lee, &
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Jeon, 2006). Epidemiological and in vitro studies strongly recommended that food
containing phytochemical with antioxidant have potentially protective effects against
many diseases including cancer, diabetes and cardiovascular diseases, (Senevirathne
et al., 2006). Consumption of flowers and vegetables has been contributed to the
prevention of degenerative processes caused by oxidative stress (Kaur & Kapoor,
2001; Vinson, Xuehui, Ligia, & Bose, 2001). Food such as flowers, vegetables and
grains are reported to contain a wide variety of antioxidant components, including
phytocemicals . Phytocemicals such as phenolic compounds, are considered beneficial
for human health, decreasing the rish of degenerative diseases by reduction of
oxidative stress and inhibition of macromolecular (Perira et al., 2007; Silva et
al.,2004; Pulido et al., 2000). . These compounds are found to be well correlated with
antioxidant potential (Katalinic, Milos, Modun, Music, & Boban, 2004).

Purslane (Portulaca oleracea) has long been used for human food, animal feed
and medicinal (Salisbury, 1961; Liu et al., 2000). There are many varieties of
purslane and also called in different names since it grows in a wide of climate and
regions. P. oleracea, hereafter referred as purslane, is widespread as a weed. It is fast
growing, self-compatible and produces large numbers of seeds that have long
viability. (Liu et al., 2000) etc., including Thailand. Recent research demonstrates that
purslanes has better nutritional quality that the major cultivated vegetables.Specially,
it has a high percentage of a-linolenic acid; an essential fatty acid (Liu et al., 2000).
In addition, purslanes has been described as a “power food” because of of its high
nutritive and antioxidant properties (Simopoulos, Norman & Gillaspy, 2000). To our
knowledge, there has been little published data on antioxidant activities and phenolic
compounds of Thai purslane especially that of different morphological parts, namely

leaf, stem and flower. Therefore, the purpose of this present study was to investigate
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phenolic compounds were determined by reversed-phase HPLC/DAD and to evaluate
antioxidation activity by using different in vitro methods. Different fractions of Thai
purslane (Portulaca oleracea) namely leaf, stem and flower fractions were determined
in an attempt to make a systematic comparison among their antioxidant activities and

identify the fractions with high antioxidant activity for further studies.

2. Materials and methods

2.1 Sample

Purslane (Portulaca oleracea) leaf, stem and flower were collected from
Mahasaraklham, Thailand. The extracts prepared from the freeze dried leaf, stem and
flower were made by boiling in distilled water for 5 min. The ratio between sample to
extraction medium was 1:25. The mixtures were filtered through a filter paper
(Whatman No. 1) (Dasgupta et al, 2004) and used for analyzing antioxidant activity in

vitro. All analyses were performed in three replicates.

2.2. Reagents and standards

1,1-diphenyl-2- picrylhydrazyl (DPPH ), 2- Deoxyribose, trichoroacetic acid ,
tiobarbituric acid, B-Carotene , Tween 20 , linoleic acid, 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ), Folin-Ciocalteu reagent, ethylene diamine tetraacetic acid (EDTA),
ammonium molybdate , Phenolic acids ( p-coumaric, tannic , benzoic , ferulic, gallic
acid, caffeic, (+)-catechin) were obtained from Fluka (Neu-Ulm, Germany). HPLC-
grade methanol, acetonitrile and other solvents and reagents were purchased from

Merck (Darmstadt, Germany).



38

2.2 1,1-diphenyl-2- picrylhydrazyl radical scavenging activity

The hydrogen atom or electrondonation ability of the corresponding extracts
and some pure compounds was measured from the bleaching of purple colored
methanol solution of DPPH (Gulluce, Sahin, Sokmen, Ozer, Daferera, Sokmen ,
Polissiou, Adiguzel & Ozkan, 2006) . The antioxidant activity of the extracts, on the
basis of the scavenging activity of the stable 1,1-diphenyl-2- picrylhydrazyl (DPPH)
free radical, was determined by the method described by Braca et al. (2001). Aqueous
extract (0.1 ml) was added to 3 ml of a 0.004% MeOH solution of DPPH. Absorbance
at 517 nm was determined after 30 min, and the percent inhibition activity was
calculated as [ (Ao-Ae)/Ao]x100 ( Ao= Absorbance without extract; Ae =

absorbance with extract).

2.3 Hydroxyl radical scavenging activity

2- Deoxyribose oxidation method. 2- deoxyribose is oxidize by the Fenton
reaction and degraded to malondialdehyde (Chung, Osawa, & Kawakishi, 1997). 0.2
ml solution of FeSO4.7H,O(10mmol) and EDTA (10mmol) was prepared in screw-
capped test tube, and 0.2 ml of a2-deoxyribose solution (10mmol), the sample
solution and a phosphate buffer (pH 7.4, 0.1 mol) was added to give a total volume of
1.8 ml. Finally, 200 pl of an H,O; soln. (10mmol) was added to this reaction mixture
and the whole incubated at 37°C for 4 h. After this incubation, 1ml each of a

trichoroacetic acid solution (2.8%) and tiobarbituric acid solution (1.0%) were added
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to the reaction mixture, and the whole boiled for 10 min, cooled in ice, and its
absorbance measured at 520 nm.
‘OH- scavenging activity. The -OH- scavenging activity was calculated as the

inhibition rate of 2- deoxyribose

‘OH- scavenging activity (%) = [(1- (Abs-Ab,) /(Ab.-Ab,)]x100

Ab, : absorbance with no treatment at 520 nm
Ab, : absorbance of treated control at 520 nm

Ab : absorbance of treated sample at 520 nm

2.4 p-Carotene—linoleate bleaching assay

The antioxidant activity of purslane fraction extract was assayed based on the B -
carotene bleaching method followed that of Othman et al. (2007). BHT was used as
the standard.  -carotene (0.2 mg in 1 ml chloroform), linoleic acid (0.02 ml) and
Tween 20 (0.2 ml) were transferred into a round bottomed flask. The mixture was
then added to 0.2 ml of purslane fraction extract or standard or ethanol (as control).
Chloroform was removed at room temperature under vacuum at reduced pressure
using a rotary evaporator. Following evaporation, 50 ml of distilled water was added
to the mixture, then shaken vigorously to form an emulsion. Two millilitre aliquots of
the emulsion were pipetted into test tubes and immediately placed in a water bath at
50°C. The absorbance was read at 20 min intervals for 2 h at 470 nm .The antioxidant
activity of extracts was based upon two different parameters, namely antioxidant

activity (AA) and the oxidation rate ratio (ROR).
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Antioxidant activity (4x) was expressed as percent of inhibition relative to the

control, using the following formula: (Suja et al., 2005)

AA = [(Rcontrol = Rsample or standard ) / Rcontrol] X 100

where Rcontrol and Rsample represent the bleaching rates of B-carotene without and
with the addition of antioxidant, respectively. Degradatioin rates (Rp) were calculated

according to first-order kinetics:

Rp =In (4/4x) x 1/t;

where In is natural log, A; is the initial absorbance at 470 nm at t = 0 and Ay is the

absorbance at 470 nm at

t=120, 40, 60, 80, 100,120 min.

The oxidation rate ratio (Ror) was calculated by

Ror = Rsample/Rcontrol;

where Rsample and Rcontrol are as described earlier.

2.5 Ferric reducing / antioxidant power (FRAP) assay

FRAP assay was determined based on the reduction of Fe*'-TPTZ to a blue

coloured Fe*" TPTZ (Benzie & Strain,1996). The FRAP assay was adapted from
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Moyer et al., (2002). The antioxidant potential of the extract sample from citrus peel
was determined against a standard curve of ferrous sulphate ( Fell, 0, 0.5, 1.0, 1.5,
2.0, 2.5 and 3.0 mM) in Milli-Q water or methanol with 0.1% (v/v) HCL.

The FRAP reagent was freshly prepared by mixing 100 ml acetate buffer (300
mM, pH 3.6), 10 ml TPTZ solution( 10 mM TPTZ in 40mM/HCI), 10 ml FeCl; »
6 H,O (20nM) in a ratio of 10:1:1 and 12 ml distilled water, at to 37 °C. To perform
the assay, 1.8 ml FRAP reagent, 180ul Milli- Q water and 60 pl sample, standard or
blank was then added to the same test tubes, and incubated at 37 °C for 4 min
absorbance was measured at 593 nm, using FRAP working solution as blank. The
reading of relative absorbance should within the range 0-2.0; otherwise, the sample
should be diluted. In the FRAP assay, the antioxidant potential of sample was

determined from a standard curve plotted using FeSO; -7H,O linear regression

equation to calculate the FRAP values of the sample.

2.5 Determination of total antioxidant capacity

The assay is based on the reduction of Mo(VI) to Mo(V) by the extract and
subsequent formation of a green phosphate/Mo(V) complex at acid pH (Prieto,
Pineda, & Aguilar, 1999). Determined by the method described by Dasgupta et al.,
( 2004). Aqueous extract ( 0.3 ml) was added to 3 ml of reagent solution (0.6M
sulfuric acid, 28mM sodium phosphate and 4 mM ammonium molybdate). The tubes
were incubated at 95 ° C for 90 min. After the mixture had cooled to room
temperature, the absorbance of the solution was measured at 695 nm against a blank.
The antioxidant activity is expressed as the number of equivalents of ascorbic acid

and BHT.
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2.4. Identification and quantifaication of phenolic compounds

2.4.1. Phenolics extraction

The phenolic compounds in investigated samples were extracted using a
modification of the procedure described by Verica et al. (2005). Each sample (5 g )
were mixed with 50 mL methanol/HCI (100:1, v/v) which contained 2% tert-
butylhydroquinon, in inert atmosphere (N2) during 12 h at 35°C in dark. The extract
was then centrifuged at 4000 rpm/min, and supernatant was evaporated to dryness
under reduced pressure (3540 °C). The residue was redissolved in 25 mL of
water/ethanol (80:20, v/v) and extracted four times with 25 mL of ethyl acetate. The
organic fractions were combined, dried for 30—40 min with anhydrous sodium sulfate,
filtered through the Whatman-40 filter , and evaporated to dryness under vacuum (35—
40 °C). The residue was redissolved in 5 mL of methanol/water (50:50, v/v) and
filtered through 0.45 pum filter before injected (20 pl ) into the HPLC aperture.

Samples were analyzed in triplicate.

2.4.2.Determination of total phenol content

The total phenolic contents of each extract were determined using the Folin—
Ciocalteu reagent (Zhou &Yu, 2006). The reaction mixture contained 1 ml of purslane
fractions extract, 0.5 ml of the Folin—Ciocalteu reagent, 3 ml of 20 % sodium
carbonate and 10 ml of distilled water. After 2 h of reaction at ambient temperature,
the absorbance at 765 nm was measured and used to calculate the phenolic contents
using gallic acid as a standard. The total phenolic contents were then expressed as

gallic acid equivalent (GAE), in mg/g dry sample.
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2.4.3. HPLC-DAD system for analysis of phenolic compounds

HPLC analysis was performed using Shimadzu LC-20AC pumps, SPD-M20A
Diode array detector and Chromatographic separation were performed on a LUNA C-
18 column (4.6 x 250 mm i.d., 5 pm). The composition of solvents and used gradient
elution conditions were described previously by Verica et al. (2005) with some
modification. The solvent system used was a gradient of mobile phase A contained
3% acetic acid in water; solution B contained mixture of 3% acetic acid, 25%
acetonitrile and 72% water. The following gradient was used: 0—40 min, from 100%
A to 30% A, 70% B with flow rate 1 mL/min; 40—45 min, from 30%A, 70% B to 20%
A, 80% B with flow rate 1 mL/min; 45-55 min, from 20% A, 80% B to 15% A, 85%
B with flow rate 1.2 ml/min; 55-57 min, from 15% A, 85% B to 10% A, 90% B with
flow rate 1.2 mL/min; 57-75 min 10% A, 90% B with flow rate 1.2 mL/min.
Operating conditions were as follows: column temperature, 40 °C, injection volume,

20 pl, UV-Diode Array detection at 278 nm.

2.4 Statistical analyses

Analysis of variance (ANOVA) in a completely randomised design, Duncan’s
Multiple Range Test, Pearson’s correlation coefficients were performed to compare
the data. All determinations were done at least in triplicates and all were averaged.

The confidence limits used in this study were based on 95 % (P<0.05)
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3. Results and discussion

Several methods have been used to determine antioxidant activity of plants.
Our present study therefore decided to use six various established methods to evaluate
antioxidative activity of purslane, namely, DPPH radical scavenging activity,
hydroxyl radical scavenging activity, P-carotene—linoleate bleaching assay, ferric
reducing / antioxidant power (FRAP) assay, total antioxidant capacity , total phenol
content and identification phenol compounds. The results obtained from each analysis

were shown and discussed as follows:

3.1 1,1-diphenyl-2- picrylhydrazyl radical scavenging activity

DPPH is a free radical compound and has been widely used to test the free
radical-scavenging ability of various samples (Hatano, Takagi, Ito, & Yoshida, 1997,
Shimoji et al., 2002; Sakanaka, Tachibana & Okada, 2005). It has a stable free radical
with a characteristic absorption at 517 nm, was used to study the radical scavenging
effects of extracts. As antioxidants donate protons to this radical, the absorption
decreases. To evaluate the scavenging effects of DPPH of water extract of leaf, stem
and flowers, DPPH inhibition was investigated. These results are shown as relative
activities against BHT and ascorbic acid (Fig.2a). The activity of 200 ppm ascorbic
acid was high, followed by BHT, flower, stem and leaf respectively.

Antioxidants, on interaction with DPPH, either transfer an electron or hydrogen atom
to DPPH, thus neutralising its free radical character ( Naik et al., 2003 ).The colour
changes from purple to yellow and its absorbance at wavelength 517 decreases.

Different parts of Thai purslane (Portulaca oleracea) extract quenched DPPH free
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radical (Table 1) in a dose-dependent manner / ¥ =0.861 2] (P<0.05) for leaf; [ 7 =
0.91773] (P < 0.05) for stem; [’ = 0.76786] (P <0.05) for flowe.r. DPPH assay
shows that, in this system, the radical-scavenging activities of different parts of Thai
purslane are in the order flower > stem > leaf. The relative activities of DPPH
inhibition of different parts of purslane against the control (ascorbic acid and BHT)
(data not shown). Similar results values were also found in IC 5, values as shown in
Table 1. ICsy values (concentration of sample required to scavenge 50% free radical
or to prevent lipid peroxidation by 50%) were found the least in flower (0.006 + 0.54),
followed by stem (0.08 =+ 0.39), and leaf (0.10 = 0.76 mg/ml)

Table 1

DPPH radical scavenging activity of different part of Thai purslane (Portulaca
oleracea)

concentration e Regression ICs

saaple (mg/ml) % Inhibition + SD equ%t tion(r)* (mg/ml)
leaf 0.1 13.71 £ 0.19 y=14.715x + 10.412  0.10+0.76

0.2 48.59 +£2.11 (= 0.8612)

0.4 63.99 + 1.07

0.8 69.78 + 0.25

1.6 76.71 + 0.42
stem 0.1 28.53 +1.88 y=16.799x + 14.725  0.08+0.39"

0.2 4334 +7.75  =0.9177)

0.4 7542 +2.67

0.8 88.18 +0.14

1.6 90.11 + 0.45

0.006+0.54°¢

flower 0.1 47.76 £ 0.22 y =9.9775x +48.29

0.2 76.01 +0.19 (' =0.7678)

0.4 86.95 = 0.09

0.8 88.95+0.11

1.6 91.01 + 0.09

3.2 Hydroxyl radical scavenging activity
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Hydroxyl radical is the most reactive among reactive oxigen species (ROS)
and it bears the shortest half-life compared with other ROS. Amongst the oxygen
radical, hydroxyl radical is the most reactive and induces severe damage to the
adjacent biomolecules (Sakanaka et al., 2005). The scavenging abilities of purslane
fraction extracts on hydroxyl radical inhibition by the 2-deoxyribose oxidation
method are shown in Table 2. The results were indicated as the inhibition rate.
Different parts of Thai purslane extract showed good hydroxyl radical scavenging
acitivities (8.54-23.93 %) at a concentration of 1.6 mg/ml in the reaction mixture.
Each extract showed hydroxyl radical scavenging activity was increased with
increasing concentration of the extract sample. Flower fraction had the higher activity
than that of other fractions but lower than that of 200 ppm ascorbic acid and BHT
(Table 2). Flower had the highest value of ICs (0.23 £ 0.05), followed by leaf (ICs

0.25 £ 0.08), and the lowest activity was found in stem (ICs 0.28 + 0.04 mg/ml).
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Table 2
Hydroxyl radical scavenging activity of different part of Thai purslane (Portulaca
oleracea)

sample Co?fggrﬁt)lon % Inhibition = SD  Regression equation (r)* (rr{gc/sr;)q )
leaf 0.1 1.20 + 0.81 y =3.6885x +26.44 0.25+0.54°

0.2 4.16+0.36 (r=0.9548)

0.4 6.50 +0.34

0.8 11.95+1.13

1.6 14.91 £0.76

0.1 0.51 +0.50 y=4.6767 x +16.976 0.28+0.24°
stem 0.2 2.12+0.89 (r=0.9633)

0.4 3.71 £0.49

0.8 6.56 +0.11

1.6 8.54+28

0.1 -19.02 +0.59 y=6.0792x + 14.135 0.23+0.59°
flower 0.2 0.51+0.12 (r=0.9657)

0.4 5.77 £0.83

0.8 12.85+0.90

1.6 23.93+1.71

3.3 p-Carotene—linoleate bleaching assay

In the B -carotene bleaching assay, linoleic acid produces hydroperoxides as
free radicals during incubation at 50 °C. The presence of antioxidants in the extract
will minimize the oxidation of P -carotene by hydroperoxides. Hydroperoxides
formed in this system will be neutralized by the antioxidants from the extracts. In this
study, we evaluated the antioxidant activity of different parts of Thai purslane extracts
by B-carotene—linoleate bleaching method because -carotene shows strong biological
activity and is physiologically important compound (Sarkar, Bishayee, & Chatterjee,
1995; Kumazawa , Taniguchi, Suzuki, Shimura, Kwon, & Nakayama 2002; Sakanaka
et al. 2005).Thus, the degradation rate of [B-carotene—linoleate depends on the

antioxidant activity of the extracts. There was a correlation between degradation rate
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and the bleaching of B-carotene; where the extract with the lowest B-carotene
degradation rate exhibited the highest antioxidant activity. All extracts has a lower
antioxidant activity than BHT (Figs.3). The antioxidant activity of purslane extracts
followed the parts of Stem (22.67 + 0.64) > leaf (37.99 + 0.27) > flower ( 38.13 +
1.19)are shown in Table 3. There was a significant difference (P<0.05) between the
antioxidant activity of difference parts.

Linoleic acid hydroperoxides attack the B-carotene molecule and, as a result, it
undergoes rapid decolorization. The corresponding decrease in absorbance can be
monitored spectrophotometrically. The presence of antioxidant extracts can hinder the
extent of B-carotene bleaching by acting on the free radicals formed in the system
(Jayaprakasha, Singh, & Sakariah, 2001; Suja et al., 2005). Oxidation rate ratio bears
an inverse relationship with antioxidant activity index. The addition of an antioxidant-
containing sample, individual antioxidants (Von, Joubert, & Hansmann, 1997), or
plant extracts (Moure, Franco, Sineiro, Dominguez, Nufiez, & Lema, 2000; Koleva,

Beek, Linssen, Groot, & Evatatieva, 2001), results in retarding p-carotene bleaching.

Table 3
Antioxidant activity of different part of Thai purslane by B-Carotene—linoleate
bleaching method

Purslane fraction Ap? Ror®
extract

leaf 37.99+0.27 0.62 +£0.003
stem 22.67 +£0.64 0.77 £ 0.006
flower 38.13+1.19 0.619 +£0.012
BHT 14.58 £ 0.28 0.854 +0.003

Concentration sample was 1.6 mg/ml. Values are expressed as mean =+ standard
deviation (n = 3). Means with different letters were significantly different at the level
P <0.05.

Antioxidant activity index.

°Oxidantion rate ratio.
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Fig.1 Degradation rate of different part of Thai purslane by B-Carotene—linoleate
bleaching method (n = 3). Concentration sample was 0.04 g/ml

(40000 ppm). BHT at 200 ppm was used as the standard.

3.4 Ferric reducing activity based on FRAP assay

FRAP assay measures the reducing potential of an antioxidant reacting with a
ferric tripyridyltriazine (Fe’— TPTZ) complex and producing a coloured ferrous
tripyridyltriazine (Fe*’~TPTZ) (Benzie & Strain, 1996).Generally, the reducing
properties are associated with the presence of compounds, which exert their action by
breaking the free radical chain through donating a hydrogen atom (Gordon, 1990;
Duh, Du, & Yen, 1999). According to Benzie and Strain (1996), the reduction of
Fe’~TPTZ complex to blue coloured of Fe*’~TPTZ occurs at low pH. FRAP values
of the extracts of purslane factions are shown in Fig. 4. Leaf had the highest FRAP
value of 0.497 + 0.004 followed by flower (0.278 = 0.009 ) and stem (0.129 + 0.002
umol FeSO4/100g dry sample).This result indicated that leaf fraction had significantly

stronger (P<0.05) reducing power than other fractions.
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Fig. 2. Antioxidant potential of different part of Thai purslane extracts assayed by
FRAP assay. Values are expressed as mean =+ standard deviation (n = 3). Means with

different letters were significantly different at the level of P < 0.05.

3.5 Determination of total antioxidant capacity

Total antioxidant capacity of different part of purslane is expressed as number
of equivalents of ascorbic acid and BHT (Table 4). The assay is based on the
reduction of Mo(VI) to Mo(V) by the extract and subsequent formation of a green
phosphate/Mo(V) complex at acid pH. The phosphomolybdenum method is
quantitative since the antioxidant activity is expressed as the number of equivalents of
ascorbic acid (Prieto, Pineda, & Aguilar., 1999). Flower had a higher capacity than
the other parts. The results from various free radical-scavenging system revealed that
the part of purslane had significant antioxidant activity. The extracts were found to
have different levels of antioxidant activity in the systems tested. The antioxidant

activities of the part were flower > stem > leaf .
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Table 4
Total antioxidant capacity of different part of Thai purslane
Sample Equivalent to ascorbic acid Equivalent to BHA
(mg)/mg part of purslane  (mg)/mg part of purslane
leaf 0.458° 0.157°
stem 0.555" 0.129¢
flower 0.909° 0.285°

Values are expressed as mean * standard deviation (n = 3). Means with different
letters were significantly different at the level P < 0.05.

3.6 Phenolic compounds analysis
3.6.1. Determination of total phenol content

Phenolic or polyphenol have received considerable attention because of their
physiological function, including antioxidant, antimutagenic and antitumour activities
(Othman et al., 2007).

Plant phenolics present in flower and vegetables have received considerable
attention because of their potential antioxidant activity (Lopez-Velez,
Martinez_Martinez, & Del Valle-Ribes, 2003). Phenolic compounds are widely
distributed in plants (Li, Smith, & Hossain, 2006), have gained much attention, due to
their antioxidant activities and free radical scavenging abilities, which potentially
have beneficial implication in human health (Imeh & Khokhar, 2002; Ross & Kasum,
2002; Li, Smith, & Hossain, 2006). Total phenol content (TPC) was determined in
comparision with standard gallic acid and the results expessed in terms of mg AGE/g
dry sample. The TPC values for purslane fractions extract were flower (24.12 £ 0.15)
stem (8.60 = 0.91) and leaf (5.69 + 0.86 mg AGE/g dry sample) respectively (Table

5).
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Table 5
Total phenolic compounds of Thai purslane

Sample Total phenolic compounds
leaf 5.69 +0.86°
stem 8.60+0.91°
flower 24.12 £ 0.15°

Values are expressed as mean =+ standard deviation (n = 3). Means with different
letters were significantly different at the level P < 0.05.
3.6.2. HPLC-DAD system for analysis of phenolic compounds

The HPLC-DAD analysis of purslane fractions aqueous extracts revealed the
presence of phenolic compounds. By this means, in the four analysed fractions, it was
possible to identify seven phenolic compound : p-coumaric acid, tannic acid, benzoic
acid , ferulic acid, gallic acid, caffeic acid, (+)-catechin ( Table. 6). Gallic acid was
the predominant phenolic compounds in the all parts purslane contributing about xxx
mg/L in flower to xxx mg/L in leaf .. Catechin showed the highest content in f;ower(
xxx+xxx mg/L ) and tannic aric acid showed the highest content in stem (xx £ xx
mg/L) .While other phenolic compounds were not present compared with the

available standard in this present study.
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Fig. HPLC-DAD of standard phenolic compounds. 1.Gallic acid 2.tannic acid
3.(+)-catachin 4. Caffeic acid 5. p-Coumaric acid 6.Ferulic acid 7. Benzoic acid

Table 6

Phenolic compound content (mg/L) of Thai purslane.

Thai purslane

Compounds
leaf stem flower
gallic acid 21.01+0.42 6.89 +£0.89 10.97 £0.97
tannic acid 0.51+0.77 0.29+0.20 0.29 +0.81
(+)-catechin 2.544+0.90 0.84+0.35 5.23+0.52
caffeic acid ND ND ND
p-coumaric ND ND ND
ferulic acid ND ND ND
benzoic acid. ND ND ND

Values are means + SD (n=3), and they are given as mg/L of investigated bitter gourd

fractions.

ND: not detected
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Our present study demonstrated that the antioxidant activity could be
determined by using several test systems. However, there are several methodology
limitations for antioxidant determination (Kaur & Kapoor, 2001).

In conclusions, the present study has demonstrated that purslane fractions
were rich in phenolics and has a strong antioxidant activity and a radical scavenging
action in all of the tested methods. This fact suggests that purslane is a good source of
natural antioxidant. These results showed that Thai purslane may have health benefits

for consumers as a potential functional food or value-added ingredient.
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