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Research Title: Anti-rancidity effect of plant extracts in emulsion

Researcher: MS. Varipat Areekul and MS. Naraporn Phomkaivon
Faculty: Agro-Industry Department: -
ABSTRACT

The 10 plant ethanolic extracts were evaluated for total phenolic content (TPC) and 4
antioxidant activity including DPPH free radical scavenging assay (DPPH), Trolox equivalent
antioxidant capacity (TEAC) assays, Ferric reducing/ antioxidant power (FRAP), and Oxygen
Radical Absorbance Capacity (ORAC). The plant extracts had TPC ranged from 11.18 to 42.94
pug/ml and exhibited a wide range of antioxidant activities. Three plant extracts from Schima
wallichii, Litsea glutinosa and Persicaria odorata, showed very high antioxidant activities in.
all assays studied. The result also revealed that phenolic compound may responsible for
antioxidant activity.

The effect of 10 plant extracts at concentration of 200 and 500 ppm were evaluated for
their anti-rancidity in water in oil emusion (90% oil). Their color change and their sabilities was
observed at 56 day stored at 35°C. The lipid oxidation was determined by Thiobarbituric acid
reactive substances (TBARS),  Peroxide Value (PV), p-Anisidine Value (p-AV) and Total
oxidation value (Totox V) . The lipid oxidation in all assays increased as storage time increased.
The addition of plant extracts into emulsion tended to decelerate oxidation. In addition,
increasing plant extract concentration from 200 to 500 ppm also decreased oxidation. The
oxidation rate of all plant extracts followed the first order kinetic reaction. The same result
was observed in water in oil emusion (70% oil). From these results, the extract of S. wallichii
and P. odorata were chosen for evaluating the effect of pH (3-7) and storage temperature
(25-45°C) on lipid oxidation of both emulsions.

The effect of two concentrations of plant extracts was determined for talo at 300 and
500 ppm and for pukpai at 250 and 500 ppm. At high concentration, the higher antioxidation
effectiveness of plants was observed while the lower emulsion stability was found compared
with those at low concentration. The pH and storage temperature influenced on emutlsion
stability. Decrease in pH at higher storage temperature decreased in their emulsion stability
and accelerated oil separation. However, all pHs were stable at 25 °C. At lower pH and
higher storage temperature, the lipid oxidation increased in all lipid oxidation assays. The
result indicated that S. wallichii  extract at 500 ppm showed the highest anti-rancidity

effectiveness in both emulsions.

Keywords : water in oil emulsion, Anti-rancidity, plant extract, Schima wallichii
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2.1.1 AU

afatu (emulsion) MuBfs SLUUNISNTEINEVBDIMNITEVB UM 08T DD Y TR
lmmmnu (immiscible liquids) Taeflvsmanviianilanszateda (dispersed phase) agluvaunan
Snufianila (continuous phase 'I,usﬂ‘uaaaumﬂmanammmaﬂ (spherical droplets) (it 2. 1)
Tnevialy WnEugudnatsveseynia (droplets) ludtaduildundniasions avilvuinnde
é]u’al,wi 0.1-100 lumseu (um) (Dickinson, 1992 Friberg wag Larrson, 1997) Lazdiu1sawusvtanueg
dfadunuriinveananszaresa Wy Siadulssinmingilini (sikand-water emulsion, O/W) fiag
wutanisunszaemlumah  Tunenadutusiaduustamiluisi (water-and-oil  emulsion,
W/0) %wum'iﬂismaﬁwaqLWaﬁﬂuLWamaaﬁwﬂu (McClements, 2005) wonani EANUTEUU
dfatuiimnududerulundndonien taseesdon  fudt | Satuussinmisiuluihlutei
(0/W/0) wia Btfadurinlursiluria (W/OMW) (Garti way Benichou, 2004)

A9 2.1 Megredtiadulszinnihtiulini (hadn) ainsnszaevesmeatsiuluLi
711: McClements (2005)

anvazUnguedlaty. dawdnusivievoseymeaveuranssneda  Tae
aua‘auwmmmaumuﬂuanawaaiv‘mw 0.15-100 luaseu Hdnwauzusingadeuy  Tdv1aeu
\{les9n mmumswnmuaﬂmwamaawmmmﬂmaﬂuuaumﬂmsnswmaLLawﬂuuaqmu‘m o
dfaduiiduriugudnarsegsening 0.00150.15 luaseu wuthildnwalusda esnaynad
yuadnnn  Jslidnimmiensyareuas walmearuld (amn amsiidg, 2540) Tne ased Toy
nd (2538) lamusdnuauzysinguesdiaduiiiioymaveaianszaedivuasmeiug w13 uang
Téwamsnait 2.1
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M13199 2.1 dnunzunnguediatuiiiivunveaveananszatesniedy

VUIANEAYBUWENTEIY6 dnvazUTIngUesdliadu
neauuIRtg (macroglobules) wenidu 2 Fy
yannd1 1 luaseu vy
wum 0.1-1 luaseu fidiy
wun 0.1-0.15 luaseu Hdrsudsla i lifiusenne
Yuaiosnin 0.05 luaseu fusznne

fan: anuUagann wseA deuing (2538)

2.1.2 ANUAIRYRIBLaTY
manSeudiadu Snalnudn 2 Usznis Taeluduusn uduseainsanvunneynirues
LWaﬂsum&Jm (droplet disruption) Thansanszargegludniandsls mﬁflsumﬂwmmsau nIAU
M9gN sduaziiouthenauEs (Ultrasonic vibration) kazn1slaladlug (Homogenization) 1flu
Fu mumumalﬂ Wuns$hwaniwnisnszaiesn (droplet - coalescence) laelidiadlneas
(emulsifier) tfeenn Bfadlonsillaswadrohiduiiitauaslaiith  Seesunsain e uuiiuinyes
auMATinIzaey ietlestiililfeymansanaisaeadnnegindfuauAnmssiudasuld
(Coupland = Hag McClements, 1996) nITNWIAIMNAIRIVBSSEUUBTATUAINTaY IdwaeSs
(McClements, 2005) fisreazidandai
1) msdhwanuasiilagyssquuiiuiy (charge stabilization)
nMIsnwAuAvesdTadtudisn 21BN N TEV I sEgullauniu
(electric repulsion) Wflmnmumqlwﬁwaamaaaﬁuu (electrically double layer) Iumiﬂa\‘mumi
FIUAIVDIBYNA Immawwnqﬂmaqamﬂssq (electrically charged groups) magsamwummaa
wansganed uswmdnssinslessusiinifeiu dwalvwanszareslidunsiusify Swhedne
AMNATIYBITEUULE
2 msfhwarunsilasluanaifuidudaseniranaioass  (steric
stabilization)
nsldBiadlvions Gﬁaﬁﬂmauﬁ’aﬁmmma“malﬁﬁv’ﬂuLWans gAEFLazINg
mmuaq wso Nauvidu amphlphlllc T,maauasalWLaaimaqmmm‘[manalwwua“mmmawaumm
woflgAnuanemssufvsaviaisaes swmmaaLﬂmuWawLL‘U@Lmsauaumﬂ%aW\Iaﬂiumﬂm
ImaaﬂwzuummmmmaquamuuaﬂwmuLawwumlﬂmmumaa'emasa"LWLaasLLauﬂmm‘umumw
|y AsldEnsanusaieia (surfactant) wﬂwansuuWaamwmmLUuImaﬂamm (monomolecular
film) ImwumuwwmLﬁmmmumﬂum LLauViuﬂ’mV]liJillJ‘i“ﬁ]L‘ZJ’]W]U’IZJU drunsldneaasen
(colloids) m’LmnmuWauwumwmwau Lﬂmmmmmlwa'mmwu e nsidlusiudady
waqLmﬂmwwummmmamam Tudhvazvasuiidy (solid partical film) (Hudu



3)  msfhwianuasialageynin fifufindudaseniraansaes (partical
stabilization)

nMIdeNTBUANIEMERNEIYNIA  Tldutieinvaemssiusituveaa
dananulediniswuiy  FetladuddyiiviilinisldeymasnweuasiivesiatudunadiGene
vilnvesounALazNduia  (contact angle) svwiwaﬁuﬁa‘uaaaumﬂﬁuﬁuc‘iwauﬂaﬁaaaa Ty
aumﬂwaumalé‘luMamaaamw‘]nu wsnwnanuasiivediatuldfnagm maamnuuuammmnu
90 @ dusymaiinzarelaluiufuinnnin avuuuauwauaamw 90 'lumana“unu oynAi
avangldluannniniuiy feedluududannnd 90 Famdudaiieevionnnin 90 § arwAh

ypsdsiaduagliid ileseyniraunsaimetuduiiduiniulddes
oghalsAd sruudiiatuiy Wussuuiiliausanianeslilauniind Sndanudastlussuy fa

NALUNSNANUNRISEM AT azsWau T s 2 AT uuud ﬂvnismamaﬂuivuu
%’atﬁﬂmman‘ﬁuLfJu%’uﬁwﬁuae}ﬁmw%ﬁmmwumﬁuﬁw mumﬂvaamuamuaamnumm

MUUUGININ oy AmnssveBsatu (amulsion stability) Favunetis Anuausovesdatuly
msmumumammﬂaauuﬂaaauummaq denanddsuly —lewamit 22 wansieduany
anmuIndeufidwan snanasvo sdsTady uanmm’f Tusgmineanisiiusnwddatu  deauinms
WasuuUawnunil NIINEN AN R UYIFE ﬂmaauummawﬁwamammmmmmaua‘uumamunu
(il 2.3)

light mechanical

\ / stress

temperature —3 . —— microcrganisms

oxygen. pH.
‘& —«— ionic strength.
5 additives

PrESSUIe ——

interactions

AN 2.2 Javgmuanniinnasufidinasemuassvesdiiady
911: Weiss (2001)
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chemical impacts . physical impacts
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A 2.3 madsan mvesdiatusuiiieawnain (A) Jasedusiuedl (B) taduduniann
(C) Uadusinugdunid
i Weiss (2001)

nMsideanmyesdtiady  Tawswdngunainussisgasevingeynasswing
ayniA  (droplet-droplet  interaction) mauWaﬁu’qam m‘lwmmmamumnuwaqaumﬂsummaﬂ
nanenduaymasuelng) auu’luwamnmmuwn%ummLWaLmaULWaaanmnﬂu Fadoifunindeanm
maﬂauamuamaaugm aglsfin Weiss (1999) $1891u77 msideanwvesddadusinfaainnaln
mid’laLVlmaIuwﬁ‘U‘g‘tJiﬂmaqa (supramolcular mass transport mechanisms) wuldluniside
ANNLUUNSLARATH sedimentation, flocculation, coalescence, partial coalescence wagns
\WAea (phase inversion) §m71y'ﬂé’ﬁwunmﬁaamwmﬂﬂalﬂﬁ'u6] ALY NISLEBEN MUY ostwald
ripening 17'iLWanszmaﬁ’Jmmmiwéfqﬁuﬁuwamum’lmﬂﬂamﬁammws’chuahwuawaamm
58U7 (continuous phase) msdsanminuludtatuannsauvwendu 6 sUsuulng
(McClements, 2005) fah

1) Ms5tinA3u (Creaming)

mnﬁaamwwuﬁ ﬁmmmmmﬂm‘sm?{auﬁmaaaumﬂﬁﬂﬁu (oil droplets)
ngleussliuag maummamuﬂuanma sma]vm‘lmnmnml,anmunu‘lma’tummsLUa&JuLLanmﬂ
AUNA Iﬂamlﬂ aummauﬂamaawuummwumuummu ﬂ”lE]‘lJﬂ’]ﬂ‘Ua\‘iLWﬁﬂi”ﬁ]"!&lﬁl’mﬂ’ﬂu
VLU eI MaIseU m‘gmﬂaauaawumuuu Aansuenlutuedy shndludtatunuy
dafuludh (0w uilunsifianseanefimurnuiugend wu Sfaduuuuiludsiy w/o) wa



nsEAEaETIRuAnmEnousgfua1s SezSenmadsanmuuuiiin sedimentation (McClements,
2005)

msiinesudunsideanmEusuiimilugnisideanmduduaifianuguuss
1nTu W flocculation wae coalescence (Dalgleish, 1997) SniaddsmansenusionseouiuTes
Fuslaadndng ileann guilansiesmswandusifddnvundudedeatu sglsian maiaadui
Wunsidvanmuuuiunaduld Ineliussniunauunszuu (Dickinson, 1992)

2) Flocculation

madeanimuuy flocculation Wumauatnwasuauiou usdliiuga wie

wsvnana hleynialimsyuiu whifamsuendeeniinfunienufmiunuusmdnuseuseiagn
fiflegluusiazeynia 81 flocculation Wunszuaumsiioymevassyniandeuiisneg dundulng
i Imaum'azaqmﬂé'amé’nwmsmamamfwﬁuLa”fl":'ag' (individual integrity) n1siiim flocculation &4
Wunmsisamsusndusuiiesnarnus difudns (gravitational separation) Yhlwinsuenduady sauds
vilindnfusitinnumiiageiunaverninaels (Dermetiades uay i, 1997) atdlsif msde
anmuuuiiaansefindulfidionalagldusadousn (ow shear force) (Serra way Casamitjana,
1998)

3) Coalescence

nsiiacoalescence Wunsdeanmiiaamsuusauay lannsadunduls

Tnefamnanainduitdiuaeg - (amella) sswiseymafieglndmauianisuan sihlieyniadand
swihiunaedveymavinalvg) Tagtennzagiabainisding dasuluitdudingn aunaysud
fuviuit uin1sdeanmuuuil winduldiilssynievivaateslndiuarlsusswisoymaiamsunn
ponvnfuwiniy dsudadunmil 2.4 venaant Bladiuidsanmuuy coalescence SussliiAnedy
vennaznaulsiagnenidy Wesnnidunsiiusuiavessyniadsiuludiady thivgmsiindures
drsuludruiianiiit 3enin olling off Fanszurumsiidunssuumanbiaunsniunduly

Al 2.4 nsidBanImuuy coalescence
Iu7: http://itacanet.org/eng/misc/cola/colal.htm (2011)
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4) Partial coalescence
miLﬂﬂ partial coalescence a'mﬁﬂwulé‘lunsmwammmaﬁvwaua"uuu
mmmwwaaumammumu (Rousseau, 2000) LmaaumﬂumuwLﬂuwaﬂmamuamauaa 2
aumﬂmaauwwﬂﬂaﬂu ﬁ]utﬂﬂm‘i’i’mﬂ’JLLﬁuf\]ﬂLiUW]’JLUU?U‘ENVINﬂUﬂG} LLGlﬂ’l‘iLﬂ’]uGl’JﬂUEJ\‘iﬂ\‘l'iﬂiN
‘uaaaumﬂlﬁ‘lﬂ (Wit 2.5) Luam’mfﬂﬂiaiwnawaawaﬂlmuumEﬂ,uaumﬂﬁ]uﬂmnumiswmama
amgszu

P I- l S—
Coalescence of ;ﬂ?'
Fat Globules A

AN

A -\:';- X
SN //)\i ,”‘7;_:‘7'/(.,14\}‘/ N
SRRy O

At 2.5 MyTmffuLuY partial coalescence Tuuy
un: Chang uagane (2002)

mMadsanmuuuil Saaudftysonandnsinngg winsafy 1y dmudnune
Fanamluun  azfadumadeanm  wilunswdeivledy leendy  sududesiliiaa partial
coalescence U19d2U (Dickinson wag Stainsby, 1982; McClements, 2005) lag aua“uummﬂ,mau
fgaumpdanaunnednuisdiu udrslvisudouunssuy ayn1AaTaNsnudy partial coalescence
Tageymalusiufisaiu  vildAelaswaieiidonseuwadonnd  wdnsfnsideiauniiuasie
Fuiladia

5) nswUasuia (Phase inversion)

nswdsuna  wineds  nsWdsurisvesssuudtatuannssuuniaiugn
sruuniis 1wy sevudiadudsuanmidulud Ow) Wasuuussaminluthiiu (Wo)  viesna
Lﬂ?{amﬂuivuuﬁm nMaBsuvaiRatuldiownen  swdusenevvesssuy  vide Uademnna
anmnndeNsneg TUSnaeansEate gouvnd  vllauazAunduvewiadiviess vse
yiaveussiliudszuy  mawdsuadadunssusussninnalnfifedesiunmssuiaty
flocculation, coalescence Wagnsiinanuiediadu (emulsion formation) SNl lUNISIATENTZUY
Sifadudedou (multiple systems) wenainii mswdsumadadunszurunmsdndhilunsuanue
wagsnsntu  uslundadsiosuiindug  Anvagdnanldifuiiseosms dewin  wansuel
Snwaipusng savh ideduda anuesiauassavAasulu (McClements, 2002)



6) ostwald ripening
NMIEYANIMUUY  ostwald ripening AgWUNSENEININE NanAD  WRANTS
wmvaseunaradnIunateiiusynmavuinlvg) lngaAunsunsvasanszaesni

YDANAITOUS] FINNA 2.6

Unstabilized Particles
On contact, small particle with higher radial pressure feeds info larger particle.

@ .o...

CONTALY

Stahilized Particles
Sraller particle with higher radial pressure evaporates rmore molecules into the medium.,
{amount depends on solubility in the medivm and temperature)
e e

- e
* o

e

* 8
e

7 <
° - em@»&»°+

Larger particle with smaller radsal pressure condenses molecules from medium.

0l 2.6 113LAa ostwald ripening Tudsiadu
117: Gwozdz (2009)

agasglsinl luwdnsdaeiosnunisidsanin  ostwald  fipening  Iddosunn
\losann mmmmimaaﬁg\a triacylglycerols LLazﬁ;wi;'}mn (Dickinson u@¥ Stainsby, 1982) 8m51A15
dssneinaiaiiatuldtosmsluge (McClements, 2002)
nMsideanmuediating 6 wuu annsauansnwsiasdlddinwd 2.7

Creamiog

"
.‘ e ® -

a'..’:."
<.,
‘e * ,e"
e e
’..‘. e o
Phase inversion  Coal o e ripening

AWl 2.7 AaINsdsan LuUse ludiatu
M: http://imk209.wikispaces.com/Emulsions_csm (2011)
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2.1.3 8adlvions A

Sifadlwions (emulsifiers) vi3e aNsaALsIAIRT (surfactants) Munefi ansfitautRazane
Ifadnilifidn (non-polar) wardwitiida (polar) Fegniantdifiesnweuashuesssuuaiad
ifatleesidoulflusdnduriemsiinduasasusiaiaffluonasundn Wy tweens, span
wazindevasnsaludy  swlute vedlvdla wu w3y Judu Tessadrevesdiadlviessey
Usznoude 2 diiiminssdiuiily 1 Tuena wu fasUliad (polar/non-polansiveuthiiy
Fouth (hydrophobic/hydrophilic)  Liseulusiuduweuladu  (lipophobic/lipophilic) — wag
lyophobic/lypophilic (StAngelo, 1989) wananii siadlwessfioviunldlusmnsiedsidufie
(nontoxic) lalfluansneusie (noncarcinogenic) waglifuansnenisiinernisui (nonallergenic)

3fadlviens awnsafunupsiuassuudtatuld osn dedtadlwwesavansly
Warisaeda ssfiamesiudaiu uardnSedasadulmilugiuuuieg Welfleuaissmanes
Talaunfindinntu dnvarresnisesiintul Seaniuiiidudassninduiiliveuthueaa
nsseifiudureaviaiseus Feesdendn  association colloids lneiinldvatednumy 1wy
micelles, bilayers, vesicles uag reverse micelles sy FansSesiuduauBiomeivesans
Juedfiuanuiitiuas sUsnradluana (McClements, 2005)

sfadlvkoasildludiaduiivancvin Tnelaswadwditliveutihdniunse awmesn Ud
Jfn  uay  &lwasn Iummzﬁd’mmauﬁmizﬂauﬁaamﬂamaﬂ%a (hydroxyl) ~ “3em15uenda
(carboxyl) Bifadlvensilssusygrauasdenildonns Ussneude nquusnifiundudiiadivieasilsl
fiuszq W Tulunfiwelsd westunutoames Tndvesiuvuazglasaeaines nauitaauiungudiing
Tloosiiiiuszqau Idun Todsuuasunadon afelsda-2-uaniian drdtan Tulundigelsd Hudu
naufiasdudiasiieaduinueslvivesa (amphoteric) WU oanifalagu
(phosphatidylcholine) 3 adAu TelantAiu zwitterionic vinlWuseqavdiiugudnieldanioe
nsmeneriilunans (Dickinson, 1992)

nsdenldddadineesTuiuid dgivilissuudiaduiirnuns  Teeduidddgd
ﬂmﬂ%'ﬁmﬁan ﬁa A1 HLB (hydrophilic- lipophilic balance) Faduranasgufiuansdennuduius
i”VI'JNVi‘J,WWIEJUU”I (hydrophlllc) LLakumauumu (lipophilic) wesdiiadlieas lay A1 HLB azuUs
wum’mam3’1mu‘uawumaummammauumuwuJuamﬂsmau’tu‘lmaamwmauamlWLaai (Beltiz
way Grosch, 1999; McClements, 2005) lag Beltiz wag Grosch (1999) ”Lﬂaagﬂm HLB wmmuama
mawseydiadulundadnsienmsldfmisd 2.2
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A13199 2.2 A1 HLB MmneausiemainlUldlugravnssuoms

A1 HLB s luld
3-6 Srfadunuuiilusiu
7-9 @19 humectants
8-18 Sifadunuurintulud
15-18 SnwenuureIndnsiu

‘17im: Beltiz ttay Grosch (1999)

wenwilenn nisifentidiagivessivanzay  mwnsvesdiadudtusgiutiade
fuanwwndeuing aieeviereuniunsn-ssesadiaty gamniiuagszesiianlunanay
sufsanmzmaifuin Taefireazdeassil

1) Weyvesdiadu

fitor w3e mudunsa-dwesdifaty dwademmnsivodiatuldiienndiad

ngesusiazaiin azvusianmiliesine limnsnetu fmsed 23 dhownil madenviiavesdia
oo Suludeshilifiedriovvasszuy lelidiadlieasiiussavsamlunsvivnugeandeae
vilviasaduiilafiamnsianniigaiudiu

o  os

A157199 2.3 navesievtazsinuaidiadlveassaninuassivesdiaty

iinddadlweoas
#n19TnaaU
anionic Onionic cationic
pH>7 / / -
pH=7, laidiinda / / /
pH=7, filndelwdrnaus - R -
pH<7 - f /

MNEWVe 1ATaavsng (/) viangis Bfatuiinnnueseing, insemne () wneds Sladudean
Aun: AnUUaa1n Balsam wag Saearin (1974)

NNt Aoki ua Az (2005) e nMswdsuwasiievdwane C-potential w84
ayeiiy §m7|u’asT\1L'i'ﬂﬁ’l,ﬁmmiLﬂﬁauﬁL#’J"mrflﬂé'ﬁ’u‘uawamfﬂﬁu%aﬁ]zﬁﬂﬂajmil,ﬁaamw’l,uﬁqﬂ
2) gruvniitldlunisuay
nsldqaumgiinaugeussana 7075 asmwaldea fdiudhslunisvasuazaigiiiy
WeldmnsausenisiwIeudiiadu udlunisnduiu maingumgiviilianuviiauasussisiaves
wianszaeiianas n1sgadudiiadlvieesiiiuiduialsina deudsnalidiaduiinunsshanas
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anulUsy s2ufls Samunisdeuudatlasiadvediadineefviliusedniawanas wavnsld
gamaliguiundt 85  esmueadea asisansiinlalasladavesdiadlvieasiasnday (Sherman,
1968) Msldgamgiinavgailvigdatuiiniuasiiana

3) szEgIaTuNISHEY '

Tudureumswssudstady mstunauazvilrina@sinsyanesosnaindu Tnowa
nszefasiituinoyniranasesssnialutag 2-3 Junfiusn deeymmasivunadniigadiatuna
Junatliiu 5wt whilesymaveunaisasinszarsiluszdugeaauda Suualidieyne
usduenduinsandaiy viliiuneluatu suu psldnartunseaunnuiull deuvildranua
fvaeBiatuanad (Sherman, 1968)

4) anmgmsiiusnundiladu

nsasuulasanmuedemianisiraiudeu mslimnudu wiensduasiieunn
n1svuds duusidmaraaunsiesdiadiliidanasidu fifseaui msfugumgiiiu
nsiumdsnudarsudssuy dwslidnmninedouiivestananislussuuiuinniu silives
dhsufiunTtiusaufafuanniu msdeanmsuinldidiu (Frankel, 1993; Guzey was McCements,
2006)

2.2 mnﬁmﬂﬁﬁ%maaﬂ%Lms?i;umaqlsuﬁu

sty \Juesdussnaufinuldilviuemns venwdearnnisiduunamdenuiiddyves
$uny wasunamesnsaluuiisuiund Suedaasudnuurmaszamdudavenausalusmis
Tnsawzanuddnlutan (mouth feel) é8ndhe lusdfuimanil astodeufisenoondndu Teufisen
fnandulfisenaisenineendiautunsaluundialiduidasy viensaluiuiidussdusznoy
luluanavestpsnfwelsiluownsUssavlatiuasiniu UffSeeendinduasluiuduannnddyy
voansgadeanAmsamis dliemsideunun wilnause ieduda wasdnwarusngluidui
gausUreeuilaa steanaliiindunsiglunisuslag

2.2.1 nalnnsiiaufjizensendinduvedasiv

Ufifseeendnduvadludu (lipid oxidation) mneis nstlasuLUamuainiaduaIn.
msvhugisenserindluduiueandiau (oxygen-active speciesflugusneg Fuduufizefianunsa
Windultos 3eNizendn selaeanTady (auto-oxidation) launendininnisnesndiauvinujisen
Puszgveansaludulidududs Ihidunguuemdndasinnufisesendindulutusineg wu lalas

'3 3 . a [~ 13 = a aaa a o/

wWaessanles (hydroperoxide) wazasusznauissivele Wusu Fenalnnisiinufizereandiadu
vaslufuannsauvaldidu 3 Funeu (Nawar, 1996; Frankel, 1998; Min, 1998)
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1) JuSuAY (initiation)

TuruBudududuniioyyadasuinlu  orafinanifianisaaieiusslalnsaud
Wuszaluluanavesnsaluiunielianmeiseeineg wu lavy was anudeu dauns (1)

LH+intiator —)L1.+H. (1)

a v eda & $ X o ® daa & o
wandausiinTulutuil Ae syyadaszvasnsaluiu (L, ) Aildlarnsaudlanien
lulassadrauazegluaneiliaies lnvoyyadassiiiatuiiazidvifisenduanstus o

]
o

n’l’v ! a ° ! Y a aaa
lelasiauaznou wenanilfawudt ayyalansenda (hydroxyl, OH) ueyyailisdliAaufisen
sendintuvsaluiuldlusefugs Wensalutuiujiseduenyalonsenda uazeyyalalasivesonn

fa (hydroperoxyl, ~OOH) azléiiiu ayyadarenda (alkoxyl, LO") wazeyyallaseanda (peroxyl,
LOO") s‘z'iaﬁmmdaahﬁiamsv‘hﬂﬁﬁ%mqa (Laguerre uay Ay, 2007)
2) Tuujisesiatiled (propagation)

[
<f b4 o

) Ifiedudviugisedusendiau tiedu

Tuduil syyadaszrasnsaludiu (L
ayyaieioanda (L,00) (aun1s (2)) dseyyaiiindursyhuiisefunseluulisusdy Taofs
lelnsiausznoneen iialiulalasiveseanled (L,00H) uaveyyadasevesnsalusiuiiline (L") dis
gums (3) lngasiaufisengnldsaiioauluiFeny

LiH+ 0; =>L,00° 2
L O0OH+LoH—>L,00H+L, )

otilsfinn - mafslslaseseonladluduneud  dwalinsaluiudosdages
Iﬂiﬁﬁ%’ﬂaﬁuwﬁﬂwﬂ (double bond rearrangement) Lﬁalﬁﬁm’]maﬁaiumﬁqm Iugﬂ conjugated
dienes uag trienes (Laguerre uae MY, 2007) Wonand Swmuin Usinalslaswedoenlesiiuiy
qqﬁuﬂuﬁﬁhumﬁqﬂ mmimjﬁuﬁnmswﬁ'ﬁjﬂﬁﬁ‘%m%guguqm?faLﬂuﬂﬁﬁ%ﬁguqmﬁﬂ&Jsua\‘imiaan%m‘ﬁ’u
vaslusiulagneae (Frankel, 1998)

3) %uéuqm (termination)

ufseludud UYABATEAN ﬁLﬁWﬁumﬁ]iamé’aﬁ’maﬂugﬂuuwﬁa6] naneniu
ansiiilanuasi uasvhliufRserdugaasmaaunts (@49) Taehluuds lelasiesesnled ugn
wasuleglusUvewmandinsitunioniillilyoyyadase (secondary nonradical  oxidation
compouds) kazdsnudh msaandlalasileseenlusiiiuseglndmilansenda a¢ldudnfasitunie
gilunduuesarsysznevlalasaiveu dailed ueanesed wazAlaufiseiveld Hudu (Laguerre
lLag Ay, 2007)

L'+ L*—LL | @)
LO"+ L"—LoL (5)
LO"+ LO'—>LOOL (7)
LOO"+ L —>LoOoL 8)

LOO'+ LOO —>udnsfausisneg (9)
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yananiy é’m'mmﬁmaans‘?n.ﬂ‘ﬁuma@l‘uﬁué’aLﬁm%qﬁuﬂﬁamm loun wiauay
asAUsznovvesnsaluiy nsalvdiudase USinmesndiau gumgdl ues fufifnduda UTnaunde
aanfiuda dnwagvienisniw (veauds TOUNA? wiediladu) anznsifineantiadu dansuduls
WinUfATen (prooxidation)  taulay AT wazanIfuUgiseeondindu (McClements  wag
_ Decker, 2000)

2.2.2 mié'J’Ué‘;\mmﬁﬂﬂﬁﬁ'%maan%m%’uﬁuaalmﬁ’u

mstusufisereendndutuiesldansdusendnduringng Tnenalnnisdudinis
\aeendinduredladuaninsayild 2 wuu Ae nstesfulusiulaliiufisetuansddiuluanoy
139199 wazmsarasUiizeluduufisevieiiies (propagation) ansfusendinduiiaudinissy
sonfinduuuuusn dmwanansalunstestunisiineyyaiiisdhsomsvitufisennieg (reactive
oxygen spcies, ROS) w3e Wunguilansavhanseyyadaseifufuswiiteluiucuduld 3,
nalnnistesfunisiinesndindureslusfuanunsariildnaeds vanistanlany vhane singlet
oxygen E"J’Ugamuledﬁﬁﬁmﬁ'fmﬁumia%'waqu“aﬁ'jaahﬁiamsﬁﬂﬂﬁﬁ%m Fudansiaueaoulal
Wseenduaud 1Wusiu Teedisienudt nsnfluednuaznaluessiauiflunisfaniaveiia oswn
flaseairawuy o-diphenolic ﬁmuwvamiam'sﬁwﬁﬁ%m UseavSnanlunsiueendinduiegann
(Rice-Evans waganig, 1997) agalsfid msLUaauLLanmlamamawmLmuamnmwaQWaﬁhuaam

azdwaldmuansalunsfianlavzanas wiHimsdudsnseendindureslusiuriunalad Aady

fesnimsvhanseyyaiideshiionisviuiisenlaenss urffianusudulunisiesfunisvians DNA
(Sestili uazAe, 1998; Van Acker uasAniy, 1998)

dauansiusendinduivharsufiseignlalitu esdandalilelnsiauesmouun
suyaeseanda (LOO ) uaveyyafiinanmaiufiten (A7) desdianaies liiesedase
MeviUfAsedn deauns

AH+LOO —>A" +LOOH

nauYasEIFusenTndy  Atunumddylunmsiusendedurunalntnd laun
nlawisen InlalnsBusa valauees nsafluedn win-ualsiu uasafatu udu  edwlsha
Ussavsamlunsiueeniiadu Tusgiulasiaiesmsiueendinduusasaln Wwuiieafuiing
lunguitanunsavhansoyyadassls (Laguerre wae Anig, 2007)

uaninflean arsdiueandindu asiimivaiuisalunisdufanisiiaufasen
sandindureslusiuiiduds autininduaisius-eanuaud AtodutadudAyfidesfinnsan
osn luannefimnganuistsens wu Slave feendiauswaunn Wudu msiusendindu
onilaudAuansius-eanduaudrSaissmsifinUjiseeendnduld dutu nsldwalivesdiduans
duoendintulagluanneiilans cu™ Wewn lavgidihuiisendunylusiiu B-phycoerythicin
vilifaudiisanafinoyye lonsondald (Cao wazmmy, 1997) uenenii luannsiidlansss
wilenilansiueendindunanseislungunatlivess 1wy wiediu Ww3dhu way tuvisea 0
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anvilus-oonBuaudlussau DNA 1@ (Sahu wazanig, 1993) drunistdiud-ualsiuisieauin nns
WuUSinaeendiaugand1 150 wed (tor) ilus-ualsiiugydeaudinedueendinduuasuans
audRduansius-eonduaud Snst snsinseandindusufiusununnududuildsngas Burton
kae Ingold, 1984)
2.2.3 MylAsernseendinduyadlviiu
nsusediuauaansalunisiueandindursslutiu vesa1sdusendiadutied
Faameiturdeldunsssund aunsoviildvanss Fatladudr Ay iivilinanisveass Aldaamn
@eld #e F3nsnadeutudosiinnnusunizdeuiisereendindunasuanidanalnlunisdiy
gondatuiiufiese lngauisautaenisdnsieiniseondnduraslusiuiiansdussndindusdsi
Ufseniulutulaenss senidu 4 wuulvg q fe Tansanasweeendiau Jansanaswosansaady
i’mU‘%mmwé‘mﬁm%ﬁﬁ"’uﬂﬁmﬁLLa“‘Tﬂﬂ%mmwﬁmﬁm%%’uwaanﬁﬁLﬁﬂ%u (Laguerre wag Aagdg, 2007)
MMFUATIZAALEANTAlUM S UB BN TIATU Iﬂamsaﬂﬂimmmawamnm%wlmmmJgﬂim
?JEJﬂ‘ZILGl‘UUVNIU‘UUU%JJmJLLa”‘UU‘VWlElﬂﬁJﬁ’JUlﬂiUﬂ’J’]iJﬂ&iJLUU’e]EJ'NlI’m wumiﬂiuanmlsnmiu‘[mma
VAAOU 81113 VIeuliafet et Snsinsiineendinduredlauiitadwan S iaas
nguiuanil Smumsidsuammaadineamidansansisianeiléinde (Laguerre was A,
2007) lnesaseiildlunisinuadstannsouansoasdenlgd
1) Aleseanlun (Peroxide Value, PV)
nsiezianveseenlad Wunisiausualalasileseanlvndadundnsud
5uﬂﬁmﬁ (primary oxidation products) #ildianniseandieduveslusiu wasdsildsuanudouann

oa v

qeissvila Ao iodometric assay TngefunsAnuiisenssuinslelasiesesnlediulelelaflonsy
(iodide ion, 1) luaamsmdunsaldidulelediu (,) suanniss (10)<(11) Aniutlulawmsam
Usinadleleduiiindudeasazasludeulnledamn lngldasazaoutadudumnnes faaunisd

(12) (Laguerre waz Afdz, 2007)

]
i

ROOH+2H +2 —> I, +ROH+H,0 (10)
ROOR+2H " +2 —> 1, +2ROH (11)
I 425,05 —> 25,05 + 2I (12)

Avaseanlad (Peroxide Value, PV) uansia U%mmaan%muﬁ'ﬁmbdamw‘h
Ugﬂimwwululwu L ndu Imﬂsmmla‘[mLﬂaiaanlsdmkumnwam‘lwuﬂgnimmamaa 2Nt
Aanasaunsziadngiudugn Fovui onsmsaaneivedlelasivsioanlediiigenindnsinisaing
lalasieseanled (Laguerre uay aasz, 2007) agslsinu e falusuanglunsnagay
esann lelasweseenlafanunsaamemldfigungiias Snisluanneifiuasuaresndiouazsuniy
m3desizd shlisinalelefuiiintueaiimgwiosnimnudueidd (Frankel, 1998)

uenand ssuunismaaeuilanziliunsnesmnzausonsvaaeusiy udlsl
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wneiuTTUURTaty e1ms wiefeteneiiamiithindussduseneu e ﬁmmLUumammsanm
aghaievhaneszuuesndlaegnanis iethdudsiussnumadey (Laguerre uay Az, 2007)

2) anuansalunsiueendindunigis Thiobarbutyric acid reactive substances
(TBARS)

ATIATIERANEINITaluNISAURenTIATUAI87S TBARS  tHunismiuSuna
rBnAusyRegiildnnmsaaesvedlalasivesesnled ldud aslundudadles Alay asuseneu
lelasafueu usanesed Wudu fearslunguiliunumddasonininnduilifieUszasdlulosi
LLasﬁﬁﬁuwﬁmma‘] (Gray, 1978; Hawrysh, 1990) msiiasieniazaidenisinufisenseninanasu
adadled (malondiadehyde, MDA) fiunsalnleunsty3n (thiobarbutyric acid, TBA) luannagdl
Hunsa Lﬁm‘flua'lsilszﬂauﬁﬁﬁéuuwv \3un71 Thiobarbutyric acid reactive substances (TBARS) 4
awmiﬁﬂmiqmnﬁuuaaﬁmmmmﬁu 532 ulung nasausendwnduresldudunasinnaln
wanenalnsauiu Wy naedsuthelslasiausy maumnmsmuaanmmu‘tﬂmauuaLﬂaiaaﬂ%a %30
dananda LW@EJ‘UENﬂ"ﬁLﬂﬂUQﬂ‘SEJ’mﬂIWUE]x‘il‘UiJ‘U mﬂuuﬂgmmiumﬁa MDA Tiiintufu TBA 9¢14

nagauUSIuAIsantmdualuiiu (mwm 2.8)

Y | 0 0
y @275
2 Na / + BB —C(
H H
OH
TBA Malondialdehyde
o
N SH
= \”/
N 2H,0
A CH—CH=CH N ’

OH

Al 2.8 msfinUiitensevianasulndasles (MDA) wagnsalnlaunitysn (TBA)
111 : Antolovich uag Az (2001)

ANuan1salunisaiunisiinesndinduvaelasiu E]’lﬁ]LLﬁﬂQIU'i‘tJL‘LJE]‘SL%UGl
avwEunsalun1siuesndadu (% antioxidant activity, AOA) vi3e wWeddud  astudenisiin
8aNTAdU (% inhibition) WisuilsuuansuinggIu 1wy BHT denfiue v¥e danfiud (Judy 534
feuld¥ameunsalumsdusendinduradletiy osan 16uﬁ'ul:‘ﬂus?'niuLaﬂaﬁﬁiﬂiqa%ﬁamqmﬁﬁ
‘bmamsl,ﬂﬂﬂgnsmaaﬂmmu (lonn Juszaud, 2549) wiistidedin fe HuAEAliawzz Ry
wawamm‘mmwmﬂmﬂmsaaﬂmmumaﬂwu Snvis nsm’l,wiamiumﬂmmmmmﬂgnimnums
8u 1wy sy nsneedly thata Waluaisussneuiii@ldiiudenty (Antolovich  wae A,
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2001) ﬁmmLﬂumaaumiw&uunmLﬂi'lvw“lwwmvmmnwuu IﬂEJ’)Lﬂi”l ghmfumsinuaigoaoisa
wud e inses  LCMS
3) A1 p-Anisidine (p-Anisidine Value, p-AV)

M3AAsevindnsnsituniond (secondary oxidation  products) Sndswisd
Iisuanulisn A mMemen p-Anisidine  (p-AV) lnganfemainifisensewinmyasueiiavesdad
ladfungiefiures p-Anisidine mmsammmumimﬂ Schiff base lélngTaAmsganduuasi
Lﬂaaulﬂwmmm’mau 350 wiluns FBiduiEimnsaudeminmeiasssnoudanlosiil
wmeﬂunqu 2- 9aAla uay 2,4 waamladia (Shahidi uay Wanasundara, 2007) shudadadiunisia
USinauansussnaudaileditanua iewniunsiiselasaivemsailadlnenss aans
Sediumudnzues p-Anisidine fulassaiisuesdarlesamninnlutiesld dail samlesianuse
A28, é’aﬁlaﬁﬁﬁﬁuw@: 1 @LLasﬁaﬁlaﬁﬁuﬁa (Laguerre uag A, 2007) UBNRING F p-AV gl
AwEuRUSAURTUUSInae s uiinun (Totox V) Sndae

06141577 Fedriareiiil fe a1sUsenouiiusauwinenasuniuns s sRle
\iu decarboxymethy oleuropeine dialdehyde fiifiussdusznaulutsiunznan

2.2.4 pmaineen@intuvesludulusyuudiladu

fauin svuudifaduasiinanssSavaUssianinluiiiy (W/0) way siluthsiu (W/O)
uan1aimeenfnduredluiulussuudiatuffiauadnenasiu Tnganisusnai uinndudasyning
wavieans 5@L'fluﬁf\]%’aﬁﬁﬁ’mﬁﬁaﬁmﬁumsaan%m%’u“uaﬁmﬁu Lﬁ'aqmﬂmsﬁwaaﬂ%m%’u a1slus-
aanmmw LLavls‘[mmasaaﬂlsmwLﬂmuauauauasmummmﬂan Fathu mswasuulasauive
Nufifindudadingn Wy nmswasuuaseniies yinvesdiiadlnioasuavaudnduild vuaves
a1N"A N nslfanniunaaniusiiu nsnesiily wie Induseanslss WHudu S udwasons
Aneendnduveslasiuniady (McClements  uaz Decker, 2000) Wena1nL8dsne9 LI §051013
sentinduvediatudssnmiludtiu (wW/o) felnddsstunisesndnduresisiunnn Weawan
draluiadududuiidauiatuainialaense (Fritsch, 1994)

dm3unalnfididyresnissaifisetsendndu ludfadudssinmhiiluth daty
naslus-eanduaud wu lave VimmsaLiqﬂﬁﬁ%'}msl,ﬁmlaimma%aaﬂl%ﬁ%ﬂﬁﬂﬂ&jﬂ'mﬁma%a
asziesennda (peroxyl radical) uas Sapanda (alkoxyl radical) 9 ntiu aumaﬁasut.wdwﬁqu
mimmimanamaal‘umu aqwaiviLﬂrﬂmssumwu‘[manammman 1/1LUummmmﬂawﬂumamm%
(Nawar, 1996) sty m'smemimuaaﬂmmuwmmmmmaauuaaaiv JadunalniidAyuasd
Usvammwaﬂumisumwsaauaam'smﬂaumaaai Iu%uﬂgﬂsmmamaq Faduduneusuiure
Uf)iseneandinduluamis (Halliwell, 1990)

uananil asiusandindudiilusganinmlunisdusandindudulunameaui
antioxidant polar paradox hypothesis #ilsinanal5 Uszﬁm%mmaamsﬁ'}uaaﬂ%m%’u%uagjﬁ’u
WOANTIUNITUWUIAIY (partition  behavior)  luewns lagarsdusendiaduuszianiiveuiin

130230
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(hydrophilic antioxidant) 9eilUszANEA NG Lfia‘h’flufwﬁumnﬂ:hm51°?’fm5€1'maan%wﬁ’uﬂsvLﬂmﬁ
Youthif (lipophilic antioxidant) FeuszAndnmsanarafunanas wloawnan anseusendiadud
smluduninsiinujitereendinduszlesiunisiinu fasedanailusyuudiaduldinia
(Frankel, 1996) '

2.3 mavszgndldansatnainfivduasiuyjiseresndindu

gramnssuens Tiunaulayssavsnmuesansiusendiedusssunaiinuluenmns a
miaﬁ’mmﬁ‘dﬁ?uﬁauﬂ'ﬁﬁﬁlumsﬁﬁua%a5513:: wazansasuUfAseeendinduld fesen
Ussneumsansngnuaiianeg wu ansuseneuiiuedn wailwesd Hudu Snvanssuanisuslaely
Jagiu Lifeunsldansiude anstuitu veasiduudsewsiduassitulundnfausiewns fa
Fafierudululdlunisldfuvioasatnaniislumsiulfizereondindureslatu Tnafads 10
winldnsnmaded Siteyailuierfuiowasdnvasmmonuenans s asInAuLazns Ly
Usglow] museasiBen deil

2.3.1 9mad (Buddieia asiatica Lour 29d BUDDLEJACEAE)

st niugnanstu Taelivisduudlsafiands dusey uasshldiusts dauvmivus
#i99 WU Uenides newdes fie 8ia nazgiwe 1¥diurnaqveandlsnfionds  waiudu uhidesiniusa
uananil ludsemaiauludiasidsnuny Aldaunaiiuns  silsafavtaduieaty dusuly
sInuiuAlspunasy waﬂ%’é’mfw?ﬁuﬂumﬂﬁsaﬁﬁa (#5351 8130 Wy AN, 2551n)

Lemmens ag Bunyapraphatsara (2003) 31847477 umuwamuLM&J@J’mIquVIﬁEJUEN
L‘UEﬁ'W]LUU?I'\LWWZJE]\?I'SQ‘V@@ﬂZﬁJLLau‘UE]ﬂ lnaasdusznovdrdey laun B-caryophyllene eposide,
citaonellol wag B—caryophyllene WHueu

232 c‘?lu’zmgﬂﬂ (Cratoxylum cochinchinense (Lour.) Blume 296 CLUSIACEAE)

Taeiily ﬁuaaml,az‘luéau‘uaaéamgw,ﬂuﬁn wenvnd Salsluuanaufuriuezwiniug
TspimialdBnee dausnwiuganseuludnan finsy wiauguduunasneg me%a’[mmm:um
ﬂNL‘UUEﬂU'ﬁ\‘ima\‘i uwngeuwde uinaglafingne Janeu (F555u Eﬂiﬂa LAz ANy, 2551n)

wwulnu WussAussnavddgisnwuludausaeg sesiindss wu Tuidennuuey
Inuazlnsvesfiuesn (Hao Dieu Nguyen wag Harrison, 1998) dausinusensusisuzulvunas
BYWUS A9 cochinchinones A-D (Mahabusarakam wag Ag, 2006) eslsfiniy falaiisteau
\Rerfugrimandaine,

2.3.3 dune (Embelia sessiliflora Kurtz 236 MYRSINACEAE)
mam%muwmmnuwaammﬂ%amaau manaau LLﬁ“I‘UE)’eJ‘Ll ﬂuLﬂuwnammaUsﬂa
wne Ug waaﬂ%mmﬂmmwaaﬂmuﬂmLLm EJGI‘lIi’lﬂmJU’]mJ LLﬂVImLZ’iEJ sauaa”(fz’fluaaumnummm
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LUU?I'W]&JU’]?\?H']EN §JL%@I‘Ui']ﬂﬁm‘u’]WLIL‘UUEJ’\LiﬂU’WUNﬁ’]MiUﬁﬁliﬂaaﬂUﬁi LLGiETﬂIﬁWUS’WENWU%‘\TEJ
LﬂEJ’Jﬂ‘UENﬂUi ﬂE]‘U'VI’]\‘ILﬂNLLﬁ%E]VIﬁVINLﬂa‘U'JVIEﬂ (E‘jﬁ"i‘ill miqa Wae Ay, 2551n)

2.3.4 azladnu (Litsea cubeba Pers. 29 LAURACEAE)
agladfuilueinaradu Tngldsinuddnun witaanefinns Fuauludld druvaen
YN Tnafuidueiouna ronivandetinderudusuundy wisldluung Fugeldfeduevuay
Audlsmieaiuungn Tudulndidelinafviudueniondsmas Wunumdnma (Piper cubeba)
ﬁfammmaman“luﬂmﬁalﬁﬁn?{wau Ju dlunagliviuatnidfunenssmeunldidmeuuas
\Saaven (gs39u msﬂa e ALY, 2551%)
ihfunesvinevensladduifindsdou Sndundeduan vie uvulas GREY

eRUsznaumalailiidhdy Ao Fna (citral) uazwualuily Savin-lniiy (Ql-pinene) tum-lnily PB-
pinene) methyl-heptenone uag linalool +Tugy (Oyen wag Dung, 1999)
Hwang wag Ay (2005) 5189771 ansadnumiueainldenveanslasiu Jarvauisaly

nMsinaeeyyasasy DPPH  laganiinsaueanasda uag O-tocopherol Snsisdiaunsavinans
lelasnuloseanlyn wasdudainsifineendndurssluguldauenaini arsadnandonszladdy
Faflgnsinunsdniaudnee (Chol way Hwang, 2004)

2.3.5 wiwily (Litsea slutinosa (Lour.) C.B. Rob. 24/ L AURACEAE)
wiwdiuduenatstu legldsnuduannadaile Wasnsguuisnay Qiuw ia Tush
WOALNK dvnnwnunnkildafuilunIoana ﬁfll,tlﬁaﬂLLaviuunﬁﬂwaﬂU%LumﬁUaﬂﬂi ZHNNTE

LY

Lmﬂsscﬂnwﬂ nssisatasesldiudenuazluiwenudesuriney WAuHAWWeY TiRLTesIAY
TMY 32T TAULASN (5551 9150A WAy AL, 2551%)

infuneuszinganniudennilimdu fgmidiudesn wazuvaiiiourswia Tay
ssdUsznavdAyinuludenuazensaindrdu 1dun weamasssnatseila 19y laurelliptine,
laurotetanine, irriodenene LLau litseferine +Dudu (Yuniu ‘Uma‘"ﬂsums WAy AN, 2543%; N84
nueN Femige, 2540) uanani wWasnvemiimiy &Jﬂwmauaﬂ’lumimaauLuamumaamﬂunam

#199 laun ainesasd lnsinesiuoes aluiu wasunuiu (Mandal waz Az, 2000)

236 s‘l’ﬂaua (Micromelum minutum Wight & Arn 29¢ RUTACEAE)

Tnevialy Ausendauiuinanviainianien LLaummsa‘lmﬂumnawmmwa °U‘ULa’E]ﬂ
au V139579 wivuesly drunanleginluldeenseunarluseu Auluinanvdodniy nszimses
Inelng LLauwmIéusmmumﬂmmmaLaa vieudu wagldsananludhauduswsly Usndesldyn
mufuaamumummuamsvwmaauLm Tuania LQIEJI‘(TLU mwaﬂLanuﬂuLLa“Iiﬂmwm TuRauTudlalu
wazsnidueudld muWﬂ%"lULLazLUaan‘lumsLLﬁ’La Auunn 1§UBy Undniaudedest van Ve
vios Wlusnhamugtiiguaiugunm os 87308 WAy ALY, 2551%)
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~ ludnaye fans micromilin - uay microminutin - Aflgndiuuzisadindonsnvin
P-388 lymphocytic lenkaemia (van Valkenburg Wa¥ Bunyaprapatsara, 2001) wonvnil Rnased
flasAusgnaudrdty laun auisusesies 12 vda 1y miccomarin A, B, C, F, G uwag H,
murrangatin,  osthol ~ Wway  murralongin 18Uy TIudeansEug Wy lwe-Blnawmesea
hentriacontane, imperatorin, limettin kag melin A {Wudu uniy YauerUsedas was ane, 2543
) d@7U Sohrab way Az (2004) 1897471 @1U1SANEN 5,7-dihydroxy-3,4’,6,8’-
tetramethoxyflavone uay aywusvatnsalalalasduuiiin (dihydrocinnamic acid) neinayely
Ussineatsnauned suils Sanumeaunisuenueaniasesainlu fe 2’,2"-dimethyl-pyrano<(5’ 6’ -
3,4)-2-quinolone lulufinagememadiaiuawesiasulnas @ (3as1 SuAsTsanl, 2523) wagmdun
Toa ueanaess (carbazole alkaloid) Tufsinayefemaianednflasunlnns @ (Nakahara uax
AflE, 2002) AapAlay NISLENELMBSaa (sterol) Nndenduvesinayednaie (ua AuRlvenna,
2528)

2.3.7 fingiih (Mosia dianthera (Buch-Ham. ex Roxb.) Maxim. 296 LABIATAF)
Toemhlu ldeens suduiniownsldluunasiieg Uil deenseuiuy
3oy Uwa’aﬂi’fﬁgqé’fué]’mam‘lﬁﬁﬂﬁmali’ﬂmj6] Weteiluld drunzwdes Tdlusn
whadhudnuenidetostudon Tuusameduldiduaniduduemudlsaimtunein vie
dundusudannaruivandsus LLﬁié‘J'a‘laiwuswmu%é’&JLﬁaaﬁ'uaaﬁﬂisnaum\nﬂﬁuasqw‘émqmé’ﬁu
e (@533 1308 Uay A, 25519)

2.3.8 dnlei (Persicaria odorata (Lour.) Soja’k 93¢ POLYGONACEAE)

Tneninly Auen Tu wavdrduidudnan fnsu wisades saensuldiduaioandluwns
#1199 wazdugnanstu Tnsldlusdesuinamndlsmusiugy Tuldduay udvosdarsadls
durnnuyasiAwisuluingn dniu wieldidussunaduieaiu lulssmadonunld
Wuresdeduonmsaigg awasaldlundld endou wiedutwudnan uasuados viotuud
Wegia (@5533 813N Uag ANE, 25519)

ihifuneusenevesinli fiarslungudaiauueadlod (alkane  aldehydes) fu
asAUsEnavdie vildindutassandienduvadunsuns #nd wasfinnenayiy Yenant wia
713 $neSuysssu uay Syvun luitiae (2546) i wuansiueendinduluinlivaisyiia 1wy
wan-ualsiin wsulvilad Jenfiud 3eniud wnuiu uazansussnauiiuedn uisaduieitseduous
sonduauden Ao 3.68 wazdilinusemddufensugnimandyive

2.3.9 vizld (Schima wallichii (D.C.) Korth. 298 THEACEAE)
veld Wueinatathu neldnenuiasinunueliansvioanindsnaonauuilsa
Weauungn wilsadaun Mudendwenuna uenanildmun Wisnnglaldidevatuasinsam
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duymiiniugeldludeumnukwaunun reviiliiues ufnsemed nevdeddoonseuntih
fuufermathadies owinernsld Wwdendduduihiy udle udls ve vassldeangeunaninde
Aullugufviniies iesda vieadle diuslwasdldluenviomsiruluuiiniy uAunaluln
witenduvues fuduufernsiannelusiene uiviessns feadu uaztale lunaneussngld
nonuginanatu uitlaamsiinund Jaaniziedn unzumgndniau (g555u 013na way Ao, 2551
f)
asafianervainlusaswavemsld Ussnause sluduiifignisnuides) Epider
mophyton floccosum, Crosporum gypseum Wag Trichophyton mentagrophytes (WsRA®I
Q4 Uag Aty, 2529) diussnngladsieauimuunuiiu #e fia schimawalin A uaz B (Yoshida
uaz aniz, 1991) widslinuseniddeiedugrimandaine
drungndudedalanunmssreanunisldusz o sauawauawwwqwmammaq il
furesdeivenmans Snunvasiia ulUfsgusviandainen

2.3.10 mstszgndldansadaanniimited iy fideeendindulusiadu
wyUsznaumeansngnuaiiane 1y a1sUssneuiiuedn Wailauosd Hudu ans
meﬁﬁauﬁﬁﬁumiﬁma%a%aizﬁﬁmmmmm‘lumsé’uéﬁu’wﬁﬁ%mmaf] W Ujiseeendindu
189 low density lipoprotein, nsanpnuidesvatlsatile viedautinmnduansduusigs (William
way Elliot, 1997; Dillard uaw German, 2000) usnananuddgluiiseguamuds Wnineraans
mammsé’ﬁﬁmmﬁwﬁ’mﬁamiﬁﬁﬁ*’u wag msaﬂmmnw‘ummuuﬂfuLﬂumimuﬂgﬂimaaﬂ%m‘uulu
5ITNUR Lwaauamawuvaamimmﬂgnsmaanszsmusuaq“l,wu uaga130IM5oue TuNdnAtueienvns
Ly mi’lﬁumsanmmnmu ajowan (Carum copticum) qumuaum (Bera uazamlg, 2006) NMshaans
anmanitvviosiusineg Tuhdusudar (Bomeo uasame, 2009) Igdnuwayulwsildsnulsn
LLavm{lsumianmmﬂ"luimuwﬂuﬂfliauawgﬂimaaﬂsammu‘uaqlsumuiuwumwwmmiﬂsaan
(Juntachote UazmAg, 2006) (Judy anmﬂsvuamiuﬂnﬂluﬂmuu uammﬂ%msnuma ansfiu
ity vseasiiuuses Aldansssumilundnsasiows  foanaudsironsasauvesasie
vieasnualavianansduasizet susnansliifesialsasineg sty nsthie videansadaann
NunldlugnamnssuemsTsdiuulinenuduldldge
ansUsznauiiuefin 9w niaunadn MRTU uALIAIBTAY d1uNTaTs asMsiaujAzen
aaﬂezjmsuumaaama%umanumumvﬂaﬂ‘lum'l,m wazasUsEnaufiuednii 3 vilndeuansautinisdiy
EJE]ﬂ‘ULﬂ‘UUVlLLG]ﬂGlNﬂu ﬁaﬁﬁuﬂumwmuLLavmmmmsdumﬂﬁla’lmLﬁ]uaumamaamiﬂivﬂa‘uLm
suiln faty vennilenniithvesansussnoufiuednuda fefitladedus Bndivihivansussnaudl
wedniiuss@vSamlumsiunmsiuludiadufiunndneiy (Di Mattia waganz, 2009)
ansafinniwesaenfinesedudu 0.02 Weddud amsavzasnsiineendndaly
dfadureninfuduviostassaminluiy wasthludldaniilviafisea (tocopherol) uay
BHA fiavndudu 0.02 wWesidud  uonanildslinunisiedugrdssuing ansaravesmanidnalen



»

t .0

22

4 ¥iim AU TBHQ (Duh, 1999) WBN9ni Abdalla wavRoozen (1999) Sasneaunisidatsadaann
iIsanavanesila Wy aueuufu (lemon balm), ee3nlu (oresano) e (sage) uaglvil (thyme)
Judu lunstudiwendinduvesdsadurenhsiunenmunsiiluth Tnewudn ansasmandudy
600 way 1,200 AMSuiluszansamlunssudinisiaa conjugated diene Waza1ssEVY WgUWin
BHT wiudu 300 Wby waskan1svnassdauanslviiiiugn arsadavasiausazvinesiiminaiuisaly
nstudaiiuaneineiy wuansasmanesinluasivssansnwlutiumnnnindiaty

asafnenudauudanasisu LLaziiaLLﬁlunﬁé’Ué’j"’qmsﬁumaafwﬁummuﬁﬂaqu
wulansadasseziiailunisiule ﬁgqﬁﬂiz?m%ﬂwwmmmsé’ugﬁuagjﬁ’ummﬁﬂv"maaaﬁﬂsznau
Toe ueavin Inlaflaeaazhifivseavgnlusiu uasdifadurenisiuasvs uderlinarlunisduds
nsituvaslnsndiwelsa (Samotyja wag Malecka, 2007) uamnﬂﬁmiLa‘%mqw%{‘uaqmmmmizﬂ,u
mMsfunseendinturesdiatuussaniiiluih enevilddaentsidiy bovine serum  albumin
Pufunsldmidunnyitldausarzasnisiiaeseenlonuas enwueald (Amajano uay
AUy, 2007)

nnuliuwedfuslnaludegiu Mesmsantiinunislidanaiigunseilundafus
lindnermanslianuaulalunisinmnnisldansansssunffiuunty miﬁwaaﬁmmiﬁﬁaa
Tuszendldlugnannssuenmis iteBnegnisifusnwindasius du nsldusslovdann
mmmmm‘lumsé’uE“j”’wﬁﬁ%maaﬂ%mﬁwumlsuﬁuLLaziaﬂ’E’mq anmswiuiiulusimanaznis
WasuwUasd vilnansafiundadasildunuiy dofu  msldmstuiumusssund aunsonaumy

@

nsldansiaiidunssilundadasiomnsld wasndndnsinlagadudosnsvesfuslaatluiiagiugn
e
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3.1 dnghiu
3.1.1 faeaiy
shogivitldlunmsvaasssuay 10 via Tduanaanfinumsnaies v sunesn
Fontadednl sedefiviomaSddumuieinemans dmis1ed 3.1

A15199 3.1 Aoy

f1hu FoInendrand o dudild

1 Buddieia asiatica Lour 31912907 Tu

2 Cratoxylum cochinchinense (Lour.) Blume ?T’ng&m Tu

3 Embelia sessiliflora Kurtz dune Tu

4  Litsea cubeba Pers. pzlasAu Tu

5  Litsea glutinosa (Lour.)C.B. Rob. iy Tu

6  Mosia dianthera (Buch-Ham. ex Roxb.). fngnurin awu/lu
Maxim.
Persicaria odorata (Lour.) Soja’k fnte anu/lu
Micromelum minutum Wight & Arn Anae Tu
Schima wallichii (D.C.) Korth. nzla Tu

10 - neuduLde andu/lu

3.1.2 d15uadl
- nsAlnadn (Fluka, UssnALgasiiu)
- ninledudluwadn (linoleic acid) (Sigma, UseimAansgatisng)
- ninlnsaaelsesdin (trichloroacetic acid) (Fisher, UTsnFaIng )
- nanlnleunsdyfn (thiobarbituric acid)  ~ (Sigma, Ussivaan3gaisni)

- NSABLTFN (Lab-scan, Uszmelasuaus)
- nsnalalasmansn (Lab-scan, Usewelasuaus)
- maslsiesy (Lab-scan, Ussindlasuaun)
- ladeuansusius (Carlo, Usswnaama)

- Tadeulansonlad (Merck, Uszinateasiiu)

- Tudsulnledas (Merck, Usewelyasiu)

- ludselen (Ajex-finechem,

Useinraaatnsids)
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3.2 gunsalldlunsinsent
)

Tnuvaealalolan

“uwila (soluble starch)

Lanuaa '

lolysanmuy
1,1,3,3-tetraethoxypropane
2,2-diphenyl-1-picryhydrazyl radical
(DPPH)

2,4,6-tripyridyl-s-triazine (TPTZ)

2,2 -azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS)
2,2’-azobis(2-methylpropionamidine)
dihydrochloride (AAPH)

Fluorescein sodium salt
6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox)

Folin — Ciocalteau reagent

Iron (lll) chloride hydrate
Para-anisidine

K,HPO,.3H,0

KH,PO,

Tween 20

Tween 40

Span 80

& @ ° '
LATDIUY (4 MUY
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(Merck, Usemalensiiv)
(Merck, Useinaleasaiu)
(Lab-scan, Uszinelasuaus)
(Lab-scan, Uszinaloduaus)
(Merck, UseinaAlgasiiu)
(Sigma, Useinaanigausni)

(Sigma, Ussimaansgaiisni)
(Sigma, UseimeAansgewusnn)

(Aldrich, Usgwmeanigawsn)

(Sigma-Aldrich, Useineanigaiaini)
(Sigma, Ussinmanigaiuini)

(Carlo, Useinednna)

(Carlo, Useinednna)

(Merck, Uszinetensiiu)
(Merck, Usenrleasaiu)
(Merck, Ussimateasiiu)
(Merck, Ussinegasiu)
(Merck, Ussineleasaig)
(Croda, Usewnadangy)

(Sartorius TE 214, Uszinaleasaivy)

1308 (2 dhumina) (Mettler Toledo PE 3000,
Uszmaeingosuaun)

dovauseou (Memmert UFB 400, Usewialeasiiu)

E]"]x‘i‘lj;’lﬂ'JUﬁlﬁqu‘WQﬁ | " (Memmert WB 29, Useineiyasaiu)

irsoslumies (5,500 rpm) (Hettich Zentrifugen EBA 20, Usutnfilgasiu)

winsthumies (9,000 rpm) (Thermo Scientific Legend Mach 1.6R, Usgine
89NH))

Uindnlugia (Eppendorf, Uszineieosiu)
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- 96 well microtiter plate (Sero-Wel, Bibby Sterilin, Usginagangw)
5 - 96 black well microtiter plate  (Sero-Wel, Bibby Sterilin, Uszinadangw)

- Microtiter Plate Reader (Beckman coutter Multimode Detector DTX 880,
: UseivAanigasisna)

- “Spectrophometer (Shimazu 1700, ‘U'izwlﬂmjﬁu)

- Hot plate magnetic stirrer (IKA C-MAG HS 7, Ussimetgasiu)

- Homogenizer (IKA T25 digital ultra-turrax, Uszineeesiiu)

- ¥htlu S25N-25F (IKA S25N-25F, Useinpitgassiy)

3.3 anuiiniueu
AMgRNMNTINNYRT daruvalulagnszasuindninnammsainnseds

3.4 I/N1INAAB9
3.4.1 N1SAsENaNSENANY
GTQaijﬁmzgﬂﬁwmﬁwé”wﬁmsaaﬁﬁmu 2 30U udaissretrsluisy suused
. qaumgdl 50 esrniwa@ed suaudiusindn 10 wWedifud wiulilutesiirurugumnd 20 sem
CRIGIEG!
msafindagnaiuingll Feietemsii nasfuienuea (eanuddy 80 Wosidus)
lusnsndau 1 s 10 f]uwaumamsaqﬁumu 1w LLaﬂwmmiaumammu 7041 esmuwalded
Junan 15 unfl afedidn 1 ade eandumansataainiiasiuiy LLa’J‘{lﬁﬂ’i’e]\‘iG‘l'JEJﬂ’SuﬂTwﬂ‘i@\‘i
(Whatman a3 4) ihansanaildluraadan mmnmlwammm (-18) +1 pyFTATEE NV
Wldudu 100 fafinSusefiadans vie 10,000 ALEY (ppm) ma’tmmmmﬂwammu 40 94fN
\walded LLﬁuLﬂU‘iﬂ‘w’imiaﬂﬂmﬂW‘UL‘UJJ‘U‘lJVIE)EU‘VimJ 70 DAL TEAIUAINILYINNITILATIEN

3.4.2 nsimseivinnafiusdnimun wazaudiansaluniséiussndindy
wisuansazatsivusazsdafianududy 500 ARdy tudesiernusinaiiuea
anisualazALEINTIlUNSIUeaNTndumeitine fail

- USinasluefinnsvundieds Folin - Ciocalteu reagent method w4 Singleton wag
Atz (1999)

¢

hansafafmegaanidensedinguy Dwansadaudums 250 lalasdns adly
vaululasiwan 9ndufuGioinus Folin Ciocalteau 12.5 lulasang sefiald 5 Wit wdsanfuiiy
: ansazanelafenAIsusiun (Na,COs) 10 Wesidud 50 lulasang dariely 10 wiiluiise tlutae
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Msgenduasiruenaay 760 wilums Insedaseuufaseuulidasian (microtiter plate
reader)

Mnfuthdmsganfulamesasazaneiagrslumurnmusinaituednimuslaglénsm
UINITFILVBINTALNAFN

- anuansalunsiaieayyadassmeds DPPH free radical scavenging assay
fALUaII9In Brand-Williams uazagug (1995)
thansafindiegamiFosadetindu 4 sefu Inansaiauiunns 70 lulas@asasluguly
lAsiwan ualfinaisazans DPPH  (mnududu 0.2 fadluans luteviuea 95 Wesidus) 210
lulasans sael3luiifadunan 30 whil ﬁﬂlﬂ’;’mﬂ"}mi@jmnﬁuuaaﬁmmanﬂé"u 517 unluiuns lae
wdeUitelilaswan  Anisganiunasresansatadedrdluduansm % inhibition
ASAUNTT
% inhibition = (1 =A gmoe/ A control ) X 100
Tng % inhibition  yanefls awaunsalumsdudaansiueyyadasy
A control vangiia AMIAANAULAIYIETaZaTY DPPH
A cample e ANIRANAULEUBIENANAADBENS

ntutia %inhibition WeunTweuduiusiua L dudurasansainfaeg
WemaunIedIuSwazgaiauny Y 11 50 9sldien ICs, mnefsnududusesmshansayya
DPPH a3 50 wasidus (inhibitory concentration, 1Csg)

- Trolox equivalent antioxidant capacity (TEAC) lagdnauanuisalunisvinans
ayyadasy ABTS  muiSued Zhou uag Yu (2004)
thansafnmeganionsdeingy Uinansanau3unms 30 lulasng asdu
viqululasiwan udndinansazate ABTS (awidudu 5 fiadluans) 300 lulasans  daield 6 il
thlufadmsganfunasiinuenedu 738 wiluams lasirdessmuiisewulilasman
nduhdnsgandunasesasazaneiiethe luduameuansaluns
angeysyadase ABTS lneldnsiunnsgiuvesansazas Trolox
- anuannsalunsimdnamundieds Ferric reducing/antioxidant power (FRAP)
U4 Benzie uag Strain (1999) '
thasatnsegianiensieingy Uisasafnusinng 10 Lilasing adu
uqululasinan uduiuansavany FRAP 300 lulpsdns fefdld 8 uidl tilufe  Amspanduuaed
ANNEARY 593 miumms‘[ﬂam?aaé'muﬁﬁ%muulmiﬂsmam
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mnﬁuﬁwﬁwmsgﬂn?iuuawaqmiazmaé‘haei'm TuAwamawansalunis
Fadanun Tagldnsmbnasguresansarany Trolox
- MFeTgEaNausalunisiueendiaduiieds Oxygen Radical Absorbance
Capacity (ORAC) assays #nuUad91035v849 Davalos wagaue (2004)
ithansafinsheghafensiethndu Tsasaiauiinms 20 Lilasans aslungu
lulasiwanwasnadiuiiu udufuSiowusivlgosisadu (fluorescein) Aruidudu 10 uTuinans
d1uau 120 lulasins Yaeh ludniigamgdl 37 ssreaies Wunan 20 uit easusmunidy
asagay AAPH (Aanandudu 150 fiadluand) 60 lulasans Wiluindmigeaisaisustandossiy
Ugmmuuluimmaw Taehmunmueadunszsu (excitation) Wiy 485 wilumns uazA e
AAUYBINISIAES (emission) Wiy 535 wluns Uuwﬂmnmﬂamawm 1 wiiduan 60
unit ndudmnamituiléng (AUQC) sisatunns
AUC =1+f/fo+ fo/fot Fa/fot fo/fot v + f/f,
o f, vanefis fwgesisalwudiSus (Wil o)
f, Munena ﬁthaaLiawuﬁﬁnm U
iheh AUC filsmmanauuansrevesituldnswiseninseseiudiowud (blank)
w38 A1 net AUC Auaunig
net AUC =AUC (ampte) “AUC(iano
ntuLe net AUC I‘Ummmmmmmmsa’tumsmaaﬂ'ﬁmaanmﬂ‘dwzjaamaa
wwadu lngldnsmunnsgiuvesansarate Trolox

3.4.3 waﬂuaaaﬁanmnnw‘zflumssuawgnimaanmmwaaauaw
Wiz Tatuyiatluihsuiigadiy 90 uaz 70 Wasius lnaduansanaiy  wsas
ginsuIuanun 10 ¥is vdnas 2 AMULdNTY A 200 waw 500 AREN 9 nTAdLAsIETAnS
sondinfuvaslufufayds TBARS deseanles (PV) uaza1 p-Anisidine  (p-AV) TnewSeuiiou
v v 1 aw o 1 a awv o a v a2 A w oo P
fusiegeddatuaruau(lsidiy BHT) wagdiadudu BHT audady 100 wasy WWaAnLaaNNYN
wngaunuddatunsiazseiansuau 2 9da dwsunsaaulunaudi 2 sely

3.4.3.1 mawseadiatunuuiluthiudtidadiuiiy 90 Weddud
1) ey (fauUaminisves Abdalla uarAMy, 1999)
wsthifuduvdeseenidu 2 du Tasdauit 1 wiin 20 N3y uazduil 2 wiin
90 N3y
2) maw3snisuin BHT mrandudu 100 Ry (Paulasainisves Abdalla
hagAny, 1999)
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3 BHT 1 n3u avangluleviuea 95 Wadidud viuuSumsidu 10 faddns
(stock 100,000 #Eu) antulus stock BHT 0.1 Tadans asluthiu(dud 1) 20 ndu sud
QoUuQI 40 BIFYE e WL 30 U dioluwSeudiadu sxladdaduiu BHT andiudu 100 A4
Wy '

3) NS ENEITATA O

Fahwminfeauanududuiidens (200 uaz 500 FRLEL) 1Ay Tween 20
fanin 0.6 nfuudrazanedieindy 5 fadans mansazaeenauiuneaiatives 0.1 Tuand 5
addns NMURENFIE magnetic stirrer firnmi3a5au 750 rpm w1 Wit ieldiBuduswires

nznoufivduimasliiunansu Span 80 tmth 0.4 ndu avanedethsiu

dauft 1 (hwh 20 nda) Wiy 1 Suthsudaud 1 lumswSeudiadu

i
i

4) %umaumm%‘am%ﬁa%’umuau (PUasanInved Porras wagaAneg, 2008)

wdsudutes Tnonanindu 5 dadansiuneamatrues 0.1 Tuans 5
fiad8n Win Tween 20 min 0.6 N3 NIUMANAIE magnetic stirrer fiANAFa58U 750 rpm W 1
it udndudiudiudl 148 Span 80 $1uau 0.4 nduezaeegadtudiutirasing Tussninns
dalimunauirungaseu 750 rpm Wediisumsaudaldnaurausiely Tsldinatasusntmun
10 Ul mnﬁguﬁaamﬁuﬁwﬁuﬁmﬁ 2 (i 70" n31) sunuanasiinm g lupsraudiu 1000
o Sifadunedifvjuuasdmauniadiuiulinusauauasy 10 Wi Mimfuaranuiseunde
750 rpm waznuransaludn 5w swssevalunsWRNeNe 26 Ui

wisdsfadufildasnaifuiets mnas 10 nfu finftgamgd ¢ ssmivaldua
wu 1 Flsnouilufuinunluiiin ruauenmall 35 ssrmiwaldoa gufuieg1aniinsgiyng
7 Su Jusgesiian 56 Ju

nsissdtaduiiisansaafiviasdiaduia BHT anududu 100 AR
TiunoumswisuLuuRefute 2.5 Tnsdadufifvasatofidldaudmineuaniiudiui 1 anu
¥o 2.4 daudfaduifi BHT arundudu 100 RSy Tehshudin BHT (e 2.1) wnuishudnd 1

3.4.3.2) Sffaduuuuinluisiunfidndauingi 70 Wodidud
wisuaaaies 1hsfudud 1 uasthiudu BHT ennududy 100 #fdy e
99 1.1-1.3
1) MsiesSeNasazate iy
Fanvinfwauanududuiigenis (200 waz 500 RiLd) iy Tween 20
dntin 0.6 nuudrazanedieindy 15 fadans wasazanefinauiuloamadires 0.1 Tuans
15 fladdns AUNELFY magnetic stirrer fiA1a3250U 750 rpm w1y 1 Wit ieldiduduivines
nenoufivdruiivasliinunauiu Span 80 thwidh 0.4 nfu avandetnsudauit 1 (thuidn 20
v dudsiudd lunswioudsiadu
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2) manseudliaturuny (Faulasainidves Porras WagAng, 2008)

WWaninsiudauil 1 G Span 80 thwiln 0.4 nfuazatgeg) adudiutvinesn
pay Tween 20 9713 0.6 n3u ag1edn e Tussninamsiidliniunausie magnetic stirrer finnansa
50U 750 rpm ieiduisumuaudalfnunausiely Tagldnanluraasn 10 und Mnfudosqiy
hifudaul 2 (hwdh 50 %) SunuA MuRaNRERN 20 UNT daduiildllald ludfinnusasou
13,500 rpm tJutaan 5 undt

wusBaduasviniivdredne vanas 10 ndu wnwammu 4 paAnaaLTua
w1 Flirewihliusnunludiie muAugungll 35 saruaadea dufiudangruniasigivneg
4 Ju Juszeziian 32 Tu

nswseudiaduiiinansatafivuasdtaduidu BHT mnududu 100 Ay
Tnedsiaduilifuasataivlddmtinesuasiiiudud 1 mude 2.1 drudiatiuda BHT a7y
Wty 100 Ridn Tiudia BHT uwuhsiudud 1

3.4.3.3) Msuaswinuail

1) msiesgniseondiaduveslusiusieds TRARS (AauUasaindsves

McDonald wag Hutin, 1987)
Foshadrdiatuntn 0.1 nfulunasannass (Fegisas 3 1) Wunauy

0.9 faddns wanldidriu iAuTieraud TBARS $1uay 2 Sadans dulutiienuiy 15 Wi fdidy
Pntuiluwissherdsdiumisstmusmnuseu 5,500 rom WY 5 Wit aAnisaanduuasd
532 u1luiuns AruaausSuautasuladadlos (MDA) INNIINUINTFIUTDL 1,1,3,3-
tetraethoxypropane uanseinlumiae fadluarsvesunasuladailenreflansuiegiaimM MDA/Ke
samptle)

2) milasgviaeieenlus (Peroxide Value, PV) a3 Cd 8-53 (AOCS,
2003)

]
<

‘L!'WI’.]E]EJ']\‘I@N&‘UUTULL‘ULL‘UQVIE]EIJ%I]N -18 paALYdL Ty L‘U'LJL’)ﬁ"l 12 ‘U'JIJN

q
b2 Q

nTuvanessuudiatudenisazatesangie LLaquﬂUmeLwn%uumumaLﬂsaai‘]umww
A17UL5958U 9,000 rom Witaan 10 il whdheswisiuilaluyhnseseridely
denegnahdudinny 05 asuadluviaguvay (fedrsas 2 1) i
arsavanensnasdfnuazAaslsnesu(EnTEIN 3:2) S1uu 3 Tadans uddnaisazaslnunaeyle
Telandusduau 50 lulasang welidndu fsiield 1 und egldansazanedmdes antudusinsy
a aa Y a 5 s co a o P & o5 a
3 Uadans waaduuuds 1 wWesigunsnuiu 100 lulasdns arsazansasiudsuandmssadudiiiGy
ulamsemeatsazarelodenlnlsanududu 001 usfueasuaisazarswdeudulisg o

U3umsile(s)



-

30

¥nslamsn blank mutunsutradulnglsildsedng aauTuasilee)
wdrhUSuesildunmuadlesesnles (PV) muauns
Aanlesoanlan (PV) = (S-B) x N x 1000
' vhutinghegangu)
Tng B e fiadansvasarsazanslufeulvlodamaiildlnmsn blank
S fio fadansvesasazarelafiodlnladamaildlnnseiegng
N fi9 Aududu(uesuea)vesasazaslafvulnladamn

3) N1TIATIZIAT p-Anisidine (p-Anisidine Value, p-AV) #1333 Cd 18-60
(AOCS, 1997)
Fashegrnisiunude 4.2.1 viin 0.1 nfu azanedeleleeenimuusuriunns
Ju 5 faddns Tweansazanssana 1 feddnsadluvasannass (FMagheas 2 91) WHuseLud p-
Anisidine 0.2 fiaddns Aeialfluifinutu 10 wril Tasnmsganduuasiinwenadu 350 uluwns
ANTRANAULEINATLINAT p-Anisidine MXENNTT
p-AV = 5 x (1.2As-Ab)
_ PRI PRERNGRE)
Tag As fle Fmisganduudsesasazateietuiiiionus p-Anisidine
Ab @8 ANIAANTULEAIYBIANTAZATUAIBEN

1) A givinaesndnduiaun (Totox V)
FruanUSnaeennduriaanaannis
Totox V.= 2 PV + p-AV
nsAndanalsananey ﬁmsfu'm1ﬂﬁ13ﬁﬁﬂﬁ%ﬁﬁﬂﬂ§ﬁﬁ5ﬂﬂﬂiaan%m%’uqaqﬂ 2 @1

wsnlunnisveaey lnsidenarsadiafiy 2 sialuwrarrmduduvesdiadundasuszian anntuy
lunaaeuluneud 2 Asly

3.4.4 uauasiiay wazgumglisan1sduasufiiensendintuvesdiiaduvesansanniivi
AnLaEN
° v a4 do oA a awv o ooyt T o & < S o X
ansananvidmdenuinludfatu@dadiudiiu 70 waz 90 Wesidudinsealuly
Tuanzuansnety Ae fitey = 3, 5.4 uay 7 udnhluifivinwfigunail 25, 35 uay 45 gam
waldea Answiniseandinduvedluiuiieds TBARS Andasoanla(PV) uazen p-Anisidine(p-Av)
leslSeuiteuiatdiaduniuny (lidiu BHT) uazdiadudiu BHT mnududu 100 Ady
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3.4.4.1 nswSeudsiaduiivsznaudaetngiuo0 uaz 70 wWahidug
1) msiessuoanaduwines 0.05 Tuand (Riew = 3, 5.4 uax 7)
wisunaaatwiwes 0.1 Tuans (e = 5.4) aude 2.1 drureamntines
fov=3 wisulngldnsnlalasaassn 10 uasuea wavWeaatwines fMew=7 IHudvulansanlas
50 Wesidue wuaslutefifteuTuiterlvidmmuiidimualy nduimiledonsles0.2 nfuud
UsuuSinasdeinduliidy 500 fiadans weamniviadns 3 wlafintantus Aty 0.1
Twad Fedeadevadeindulusnmaiu 1:1 ludunsunswieudiaty
2) SumpunsisTuaBtaty
nMawseudTatufivsznaudaetiugo was 70 Wedidud fswazidunnude
25 uag 3.2 muddu Tnewdsureamatrieslasifevnuiicmun udluduluiia AIUAY
amwnm‘m 25, 35 Uay 45 asrduaia Imaamﬂ‘umamamummmmuamaau,mauammu
3) MFAUATIERIM LA
Wnsiessimaaiinunesyidoaiivanddilude 4.1-4.3 wagfuamen
Qo a2 AIATITIN (ty,,) AINANNTS
Qo = 5@1ﬁmsLﬁmﬂﬁﬁ'%mﬁammﬁﬁm%u 10 aspuwaldos (T+10°C)
snsMsiinufiseieamadvinnun (T°C)
te= - 0.693
k
e k vned ﬂ'ﬁmﬁmaaﬁmﬁm‘aLﬁmﬂg‘jﬁ%mﬁqmmﬁﬁﬁmum

Y

3.4.5 mﬁtmvﬁmaﬂﬁﬁ
FNTTAT1Y ﬁlmLLamLUumLaammummwummimu MNNIVAasseEtaies 2 81 1h
mﬁlg{mﬁLﬂﬁwmﬂaamwammmmﬂmwaqmmmmsmaawmmawum pI835  one-way
ANOVA procedure - #isgfiunnandesi 95 wWedidus uenaini ymsiasievianuuansiues
ANRAIVOINANITNAABINIEIE Duncan’s multiple range test fiszduaanudesiu 95 wWesidus



»

uni 4
NaN1AaaIazanUIeNa

4.1 ms"“ammzﬁﬂ%mmﬂuaanﬁwmu,azmwmmmlumsé]’quaans?um%’ué”m%%ei'mq 284
dsanany
ansafafeeie 10 gilmihudeseivsinaiivednanun wazmuausalunisdy
28NTLATUAI8TBA9 4 35 Ao 35 DPPH mudulue ICs, RLSy) uay 35 TEAC FRAP was ORAC
AwnlasSsuiisufuasuasg Tolox  (lulasniu viefiadnSudefiaddng) nan1siasie
WARIR M7 4.1

A13519% 4.1 YSunafuednnauaiasainuaiunsaluniseusandeduyesansasangy

TPC* ' 1Cs, TEAC* FRAP* ORAC**
(ug GAE/mU) (ppm) (ug TE/mU) (ug TE/ml) (mg TE/ml)
azladfu  14.87:026° 1,558+21° 14.42+0.18°  8687£0.030° 0.840+0.020°
dure 15.56:0.05° 392+1d"  20.82:0.18™  6.047:0385°  0.779+0.086"
Hneye 11.18+1.06° 278+1°  20.03%0.35"  13.58+0.16"  0.6760.107"

findutin 19.91+1.15° 133+8° 39.58+0.54°  26.70£0.33°  1.920+0.125"

Aunaes 23.05+094° 158:3% 30144150  3210+148°  0.7600.035%°

Rt 1867x0.17° 158+12° 229740217 30.98+447°  1929+0.109™

Einled 3210+0.58 , 88.4:1.8" 12624625  46.60+3.66  2.041+0.108"
vilwilu | 42.94:057" 48.4+04° 1221423  57.23:158°  2.0770.025°
wejndude  2885+1.77° 40.0+15 38.08+0.82°  40.37+199°  1.810+0.104"
neld 38.60£0.60° 38.2:03° 141.4+51"  50.40+088°  0.943+0.030°

wnews  * 0 et asadafiviiadudusiiu 100 was 500 WSy (ppm) snadady
fsnusiuansniunuuwredd wansts Anuwansevesdadeilaiiaszieasds Ducan fseRuay
Wealu 95 Wasidud (p<0.05)
TPC  vnefie Uhinaituednrianuauansalumielulasniusuyaduesnsaunadnsaiiaddng
=3 v 1 s @ A 9 v o a 5 4
ICso  vnefis anandutullumieiidnvesasatinfivfildvihasouyadasy DPPH as 50 wWadidud

TEAC wueia anmaansalumsviangeyyadase ABTS uansdilumbelulasnSuasyaduas Trolox de
ladfns

FRAP ynefla mmansnsalunsmdiann wanselumielulasaiuanyadues Trolox defiadans
ORAC wiefls avainsnlumsvzasmiseenfinduresmgeaisaduvesinet mieiadnsuauyadues
Trolox sladlading
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ansafafieiinadidy 100 sy S1uau 10 e fusnaitusanimuneglutas 11.18-
42.38 fiafinsu (anyadvesnsaunadin) defladdng lnswuansainiiv 3 viafiiuSinafusdniamun
genin 30 fadnSudeliaddns laun dnlal (32.1) neld (38.6) uasninilu (42.94) druansasafiaiis
U%mm*?\luaﬁﬂﬁ”’mmeﬁﬁaﬂ Ao fAnaye (11.18)

msaﬂmwmmau‘uummmmmmaa‘lumsmmaauuaaasv DPPH maﬂalﬂmimaauma
lelnsiauoznouunneety uasilen 1Cs, waus 38.2-1,558 Sy Tngansadafiofiiie ICs, suandin
firuawnsalumsvhaneoyyadass DPPH 7if  Seman1sinsesibaslinansednuiuinagou
Buq  nRansRasIwuaNsaRARY 3 YdaTisen ICsp AN 50 Afdy ldun neld (38.2) neudu
\d@e (40) LLamumuu (48 4) dquasananzlasaudian 1ICy, aqwam (1,558) mammmmmmiumi
muaaﬂmmummﬁumwaﬂ dmsumnuaansalunsvhaeeyyadase ABTS” 13035 TEAC wuin
miaﬂﬂwwmmlfumu 100 fiMduduIu 3 sialdun avsasangld dnld uay wilmdy fieingadu
Sful 1- 3 Suduusn Teedlen TEAC  winfu 1414, 1262 wae 121.1 I:uiﬂsnsumauaaam
gy luvaisfiansadangladduiien TEAC dhitgn fefiduindu 14.42 lalasnfudefiadans
dmiu nan1seassnuannsalunsinadnaundie3s FRAP wui ansafafien 10 wiedien
FRAP 8858114 6.047-57.23 Tlasnsuseiiadans Iﬂamiaﬁ’wﬁmﬁu gld uawsinliiidn FRAP g9
nasatnfiadue dumsaindugonun den FRAP m‘mam A 6.048 Nadnfuauyad  dmsu
3 ORAC ansarnfisfieudndu 500 WWLmJ wuindifn ORAC Bgseni9 0.676-2.077 fadnu
efladdns  lasansafavdngdu dnld dndnh war s1amdniien ORAC geitanuarlaifinny
WANFNAUNNEDR (p>0.05)

NRaNIIMAAINYIT arsadaiviiaiudiunsalunisduljisenesndindudienalad
uansnaify 1Wesan 38 DPPH wag TEAC 1y wiiiagnedeunsvhanseyyadass DPPH” way ABTS™
ANARY Lwiﬂa"l,ﬂmiﬁwmaai‘g;&aﬁaisﬂy’aamﬁﬂmmmmnﬁ’u 1A835 DPPH 9gna@oua1ua@Inse
Tumsindoudhelalasiaussney du 38 TEAC ﬁu’uﬂvwﬂaa'ummmmm’lumimﬁaué”laﬁLaﬂmau
mﬂmams‘wmaaawmw asanavelSuasniindiuduiien 1ICs, &1 usifien TEAC 29 WAA9IN ETHENY
wnilufiesta 2 siled mmsammaaumaaasumaaasuummunalﬂmaaau:uulﬂﬂ diuarsananzlad
suflein 1Cso gauazdlan TEAC siifign uanein ansanangnueiivesngladdulimmuanynsalumsvhane
aumaﬁasvchuﬂalﬂﬁq 2 lalaid dwsuansadadnlel fan ICs, Yrunanswasiian TEAC 29 kaNgINANT
mswqﬂmﬂmawﬂlwmmmmmmlumimmaauuaaasumuﬂalnmsmaaumaaLaﬂmaulmﬂﬂ'n
naideuielalasiauesney

wifd"33 TEAC way FRAP agldnalnnisimdeudnediannseumiloudu uairmiusimizse
nevhufiBeuandnty  ailessildluuiasisidlauuaniety  egalsAnuen TEAC uaz
A FRAP dluwaldululufienadendu nanfe mnaisadafieiidn  TEAC ga AflwunTifadnesdinn
FRAP gaiduiy  waned1 answgnuiafionaidunguidenduiifienuamnsalunmsindeutne dwdu
ANTILATIZINNETE ORAC LUumimaaummmmmmaamwquaanmmu’lumwvaamimﬂauua
AAPH’ Ima’lfuﬂalﬂmimaaumala‘[mmuavmwLUunalﬂwaﬂiumingﬂs&n Fnnsiifedany
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waneeInIonagauduY Wuetisn  vhldwudl ansateiviianuauiselunisfusendiady
medtduqegluszauliunane A1 ORAC g9 wu Andui 51919007 wazvgdude Tnedlen
ORAC ganin 1.5 fiadniusiediadang deansatinneiillian ORAC gegalaun ansafamiimduuayinlu

v o

(e 2.077 uaz 2.041 fadnTuauyadues Trolox aud) druansadniididl ORAC ffign Ae

GG

HaMINAaBILEnTLAUI Anuaunsalumsinuesnfinduvesasantafivwiazydainu
wansnsfulumunalnildlunisvinufasen msﬂqs‘ﬁmmmmm‘tumsﬁmﬂﬁﬁ%aﬂaan%m%’u Falyl
annsaliiFieneisladinidunsvdinuannselunsiueendwsusianeld ety Rvusas
siadsdlnnumngaudeiziinmeviitnalauwanaeiuuenniloluan aruuendavesriiauas
peAUTENOUTDINY

dleRnnsunalnudenadesssnitsUSunafiusdntenuauazanuaiusalunisgay
pondndunns wuth ansafeiefiiviinniiuedngs wu vneld niimiuuasdnld  arwannsely
nsiueendwduiftugnisneaey Fetenudululid msusznaviiuedndinuluity funumdda
lumsfueenBiadusiinussnulufivassln sglshin diesedldlunniivaaeuiiny
wAnssANANTIATIEian Tatafuwifireriuntew sasiewnainiiadoudn 2 Ussns A Jade
fAndestumsimzgniiusiiegs %amq geMIaENIWAY uazanIwe A sy sudadeiiie
NNMIgYdTanTUsEnaviuednuazaisiuesndiadulusenindiniseuniauasasvinlidudu ey
vhaneanslunguithinuaufounatseiin fieuved Katsube uay Ans (2009) finumsgayde
quercetrin 3-(6-malonylglucoside) lolamaa@iu (isoquercitrin) 37y uaz nnraslsaiin wazans
duq Snmangwdinnendanisvhusislumiou sauﬁ”’a€J’<1da‘lﬁ&ﬁmmiLU?{au‘[maa%’mﬂumsﬁhjﬁqwé
dusandiady iellaulisenmsiuiisetanadlddndae (Cai uaz ang, 2006; Roy uay Ame,
2007) mﬂwamiwmaamamﬂwmmw neld 'vmmmuLLavwn"l,mLﬂuwwwimmmaanmwmamavm
qissuoen@ieduiin fuuiliuitannsaluldiludusegseluly

j 4
aan

4.2 wawaamﬂ%’aﬁaﬁmqnﬁsu“lun’mé’ué’aﬂgﬂsa'laanmﬂwuwaeauawﬂimﬂwﬁ:ﬂuﬁﬂsi’u
fiidadauiigiu 90 Lﬂawzjuﬂ uag 70 wWeasidud
ansataiune 10 viia Qﬂmeaﬂuauaﬂnuﬂszmwﬁﬂuﬁlﬂﬁu (water-in-oil, W/O) 7iddmaqu

thifu 90 uar 70 WeSduiTimserduanvloamiatmed (Mew 5.4) naufuiiudandes Tng
fmuaanududuvesansataiivd 200 way 500 FfSy Fedrdiaduivinunilgamgi 35 asm
Wwaled W 56 uaz 32 Tu auddu uniaginisesndinduveslutiuiieds TBARS wiAes
sanlad (PV) A1 p-Anisidine (p-AV) warUSuaesndwdunanun (Totox V) Tnew3suiiisuiu

spdediatuniuauuagsdaduidiu BHT arududy 100 Ay
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4.2.1 nswasunlamnanienIw
* AuAIIvesdTad
- §fatuiiusznaudaetiiiuoo Wesidud

5ﬁa*ﬁ’uﬁﬂiuﬂauﬁaa§1ﬁu9o Wedidus fdnvasduiedenty 4 du177u
fukas Smnamiladintu dewnn adsiinstnmuamearanaesistulaziianInssansnadis
woatududeny (Ruw damshidy, 2540)  nsiiuansatafivasluiiedne vinlhdvesdiaduy
wasulumudvsiansataiity 1es9n lufieilssafoniilidnarsviaiuesduszneu wu raslsiiad
wanhwees  Aslsiiuesd Wudu dessninqueasviafimiuannsolunsazanelusviazasusiay
flauansnafiy (Kays, 1991) dualidsaduiliarsatnfivia 10 via Suazanuduresdsaiuly
muvdalayaNasnInlunTazae veIsIAing iy T,ﬂammsmwnmaqauawaaﬂLUu 2 ngu Ag
ngudleansy leud datuiliAsansatanyladi dnayeuazvgiduide uazngud 2 Wungud
wiEeeq  duidsaduiifnasataseniiin fundes dune wilwdu dnéwh fld wazneld
waziflofiuanududuresasatafivain 200 Hu 500 #ifdy dwalidvesdsatuduiumuluge
pg4lsfnu Brfadufiaududuresansadniia 500 Sy GveediatusinslndiAssiusmatg
MR onewhenUan

mwaqmmimmﬂmamﬁuwamwﬂm 35 asanwaled (Wussesinian 56
$u wutdlessevnanlumaiiuineudinentu diadusinnsdsuwady 2 aﬂwm'f[,‘wmq NA19A®
Aansidsanmuuueeg  uasiieniswdsuwladvediatuifvasataiy fedidosnainszuu
auamwﬂus”uwlmmamqmaﬁuimumﬂ (thermodynammalty unstable = systems) uwa\‘i\‘i’lu
Saszlussuuiitiuiuiiiosswiraraduaznashsiy uﬂﬂammaﬂ?juivmwmLLauumu Ut
aama’lmwuauawLaaamwhwqm (Dickinson, 1992) 1umiwmamu ATIANUNISLELAN TN B
Sifatuludfaduiiuarsatafviniy lneaunsauisdnvaensifoaninosniiu 4 wuu e
flocculation, coalescence, oiling off kag Lﬁﬂﬂ’ﬁLLEJﬂ%U‘UENﬁ’]ﬁu (oil separation) Fapns T 4.2

= s a o o o a 8/ Y o ¢ & & v @ [y
A137199 4.2 AUAIRIVBIBNATUNUTENBUMIEUINUI0 LUDTEHUNAYVAAAUSIWIUIY 56 U

(=) as Qs
S2ALLIANAUINWI (W)

fa9819* ppm

0 I 14 21 28 35 42 49 56
Control - - 4 - 3 - - - -
BHT 100 - - - - = - - - -
R 200 - - - 2 - - - - 0
500 - - - - - - - - -
TK 200 - - - - - - - F C
500 - - - F F C C C S
SK 200 - - - - - - - - -
500 - - - - - - - - -
MM 200 - - - - - - - - -
500 - - - - - - - - -
T 200 - - - - - - - - o)

500 - - - - - - - - -
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A1919% 4.2 (Aa)

4 s (v
JrgzIanNUuINE(Aw)

719819* ppm

0 7 14 21 28 35 42 49 56
Control - - - - - - - - -
BHT 100 - - - - - - - - -
HN 200 - - - - - - - - -
500 - - - - - - - - -
SM 200 - - - - - - - - o)
500 - - - - - - - - o
PP 200 - - - - - - - - -
500 - - - - - - - - -
TA 200 - - - - - - - - -
500 - . - - - . - - 0
YE 200 - - A L . - - - -
500 / ; : ! : - : - o

mnews  * vunelie asainiiy 10 9ia laua R=319mAd1, TK=FuAGEN, SK=durly, MM=niildiy,
TT=nela%s, HN=Fnah, SM=tinaye, PP=finle, TA=nzld, YE=ngududs
- yneds ldnumsideaniw
F ey nadganiwiuy flocculation
C ey MIduanmiuu coalescence
O et Madeaniniuy oiling off
Sy Mmadeaamuuuinmsuenduveiitiu (oil separation)

1AANTNT 4.2 wuin Bfaduiiinansadafivinisdeanmuu oiling off
wnfige Ingnuduiniuasseguuiiaviesiegsdfatudiofuinuun 56 Su fsnsideann
WU oiling off 1§ ziinsaifiequannisiduanmuuy coalescence Aflavmannissiudivemen
sy Taelussminamsifiusnw Maﬂﬁwﬂuﬁmsm?{auﬁL‘mﬂé’ﬁuué"sLﬁmmﬁuﬁmﬂwaﬂ‘umﬂ’img
wiotuildnfukenfoenin Fen1s51usauuY coalescence Saanalst fuittinvsmeminiuiduiy
a15917ad-lWoasinanas ﬁqné’ummmﬁaﬁ’umqﬁammﬁa@mwdﬁwaﬂﬁﬂﬁu (droplet-droplet
interaction potential) uena1nil Mmnudusevestufidussninansdtadivioesfumaraes Ay
Hededfyiidmanodnsuivsmisdeaniwuuuiieasiduiu (Dickinson, 1992;  McClements,
2002)

daunsideanmiuy flocculation i Aenmsadeuiidilndiuvemen
whifu uazasaninegludnvasil Taglddnsnumfulueaddurualngmiieutunsalues
coalescence (McClements, 2002) uagsusneaIuaad Sjsblom (1996) Sawuin difaduiitinside
anmuuuiiannsafunduldifotlunaulngldusadous (low shear forces) aghslsaf nsLAn
flocculation annsalssliiAanisdsanimuuy creaming 16520 sauvies demasnonumiines
Bfaduseiduiu (Serra way Casamitjana, 1998) 3Junuldin nsifsanmuesdiadu lufesdana

sasnuarUInguewdnind widinuluiimsasuulasnuauiiivianenimuisssnisinaig
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dleRansanauashvedfadufiufian 10 via wud SfaduiAuans
afnRINALI 2 ﬂ’nm%’u‘ﬁ'uﬁmmmﬁaﬁ'}ﬁaﬂ Imams@umiaﬁ'ﬂa"aLﬂﬁumﬁmmﬁu%'um (500 W
fdw) daduiimnunsisinimsivasadaiianududusivie 200 ARy aﬂ‘VNENW“Uﬂ’]iLEIEJ
amwufuu ﬂoccuLatlon 11 coalescence diafusnulsifies 21 LLa.u 35 T AUEIRY uanmﬂu
slonsu 56 Yu Bfatuiiuansatafunass 500 LSy ianswenduveshsuvTalinnsdeanTm
Slfaduegeanugal dumsinansatananass 200 Ruduty wunsilvan ndausud a9
Tunuzdinsldansadafivdug numsideanmluiui 56 wansdfiduin ssuudtadufiduarsadam
infeafinrmaunadinivivrdedug  eraflewnn esddszneuiinuluinndees wieriaves
difadlnioasldlifirumnsademsatnuiai suluie mavdsuuamaeilusssuluana
Wy mstinnseandiady waz UFATenlalaslada Wusu Seduumdutadoddaiisdinannnge
anmvasdifatu (McClements, 2009)  feth ansafnpnndsadslivnsfiagihunliduansdunis
fludadunuuilniniy 90 Wedidus esnnudafasiivwIonlatanunaiam

- ffaduiiussneudaetiiy 70 Wadidud

dndatunuuiluhiuiiidagudit 70 Lﬂaimummmamummfmu
fenmmiaiiudu LLmamanwmumwaqmm Ingnasnszeznnsiivinyiuiu 32 fu fadunageunn
afialiwunswisuamanisnn sesumuraiivesd@niasiuas s sednsing nanie luiwy
mnﬁaamwﬁ’q 4 Wuu Av oiling off, flocculation, coalescence LLasnwsLLan%umaqfwﬁu (oil
separation) TN SHNESER AR AR TR UATLEEY (200 uay 500 TiFEy ) Aliidwadenis
wWabuwaswedvewdnfusilufivisaesngu fo fvfiifides 16ud srlaitu daysuasvdidude
waziviifidmaes léun sivmdth funfes ure vilwiu fnéd dnld wesveld

Haduiidunumddrennuasiivediaturininaonnisiiugnu 32 Yu
o nsansuamemisulussuudtatiluduneulalaflumdy iesnn mahuasmathiuse
fagasyningeunia (droplet-droplet  interaction) wwiga dawalweynialulsayiwaivualiy
swifuewnnniafivsnszaresluszuudiaduy vliedadudsanin winisleluSluwdudana
TngnsadonisanvuneynInvouaidetas  Taslawizesadnisantuinvasmemisuiily
aansoduiiuansdiadlweesuasiailiinniy aunsivosssuuduiunauluae Tnsvuin
suaqamgﬂwﬂ5ﬁﬁuﬁv‘1"ﬂﬁixuuﬁﬂa%’uﬁmmm@f’sﬁaq”lufzmhjLﬁu 1 lulaswuns(Decker wazpay, 2005)
Snrtadanun aruaseu (rpm) uazsvezarlumslalusludfedne fanuAeadestuauni
yesszuvdtatuingy Taglunisinwasatinuin nsleludludimesdmatuiininudisey 13,500
rpm Wunawu 5 wdl Jeasifisamesenisinwszuudiadusinanliiiniuaaiinaenssesiang
nmafiushend 32 5y wenenil msleluSludinedhedididinthesuduomdnioe Lﬁaqmﬂaqmﬂ
yeeszuuivunadnas Ssanunsaaeteunadidinntu vldndnsusiiamaianntumilude Se
hitupraunnassnirdfatumuguiudiatuiidumsatnie
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faudii Sfaduiliuansafnfinia 10 wdalifimadoanmeaen 32 Ju ud
Fravevesmsmadey Sfaduiliuasatnivuneia wu wilwitu dndud fAundes dunmdiuans
sasfuudunsufiasilugnsuendu viensideaninuu creaming 16 ileifinszaziaainis
Fusnwluutu lususidtadumuauisaosialinudnuusdndny wandiifiuin nainas
afinfwiinasonruasivasszuudiaduuanduiulunuriiauasosdusznouiimiluiy

* nswasuulasd

- sifaduiiusznaudaerieiuoo Weddud

mawdsuudaesddiadulussninamafvinm mamauﬁﬁaifu“ﬁrﬁa's
anunsansasaaulddiendan Tnediadudsuandideideus Hudivaesndn vietihnand
(olive brown) mmmmﬁ;mmnmiamﬂmmadiqmmqﬂaaBWaawmmmaaam Ao Type | uay
Type Il (Toivonen wag Brummell, 2008) Insn1saaiesivesnaslsiaduuy Type | tu paslsilad
1@ (chlorophll a) e‘z'ia‘lﬁﬁl,%muﬂmfﬂﬁu aawé{alﬂuﬂialwau 18 (pheophytin a) uazaaneseiduille
waﬂ‘um 18 (pheophorbide a) Feanmeaeaiiiimandd (Matile, 1999) uan13aane@INIuIn Type I
th Lnﬂmﬂmimﬂgnimsummmaaiswaanuauuaaaimmmmﬂmsaanmmu WU ayyaLUasesn
Fa wivayyailuenda (phenoxyl radicals) Tiufeeyyadug miam&Jm‘uaaﬂaaIsWaamummaaau'
denaliinandnsifiddoululuiian (Toivonen waz Brummell, 2008) dwsunqudsiaduiisia
wsmuiiiddansendndes  aslsiusediduniningnauilidmae swazwuldnlufinfeuyn
¥iin aunsaazansldiludvhasansiliies uazaslsivesdiararsluisuidnsmnsaaieaiian
170 (Tsimidou  wag Biliaderis, 1997) TunsnAaeIASal Ravatevin 19y AIGH Funaes neld
wilmiiu uasngdude SsenunisnsamumeUudiensuszneulunguanslsituesd deweda

watianuaeaiiasunnas W (Thin layer chromatography (4sms wsuulngas, 2552) denndssd

winesedTaduiuinnass nla wagnimdu egelstd Weasu 56 Ju wuMTAIaUDIdnadas
Weadntes wanslfidfiud anflsiivesifimnumsiauinnitnaslsiad Jadunaandfianeiives
s9nTnguiindl

< o

a o A a e o g i‘o’ CY ¢ & ¥ a
msifnansadanvasludfadusuuintutiu 90 Weasibus ynlinanis

a

o Y v = =) o o LY o o &
Wasuwasidrfgdunigain fe Guazainuaisivesdaiu nsiudsuwdasiitiniunaen
ssezaiuinm 56 Yu Tuegiusiauwssanududuresansadafieildidud e lnensifuarsadn

v 1

duny vilwmdty dnghu uaz Al ienanduduria 2 seiv Lilvadennunsiivesndndusitaznns

Waguwlasd  daunsifansaianndswmnssauainuidudy dwalvindnduaianunsieiign

- 8sfatuiiuszneugaetinsuro Wedidus

Staduuvuriluthiy 70 Weddud Aduasadaiivie 10 via Asziu
ﬂamrﬁuﬁus‘mazqa é’i’mthwumuﬂ?{auuﬂaaﬁﬂwmsmqmamw WannaduAuAsLazdves
wAnSnusirnenngniaiuine 32 Sullgamyll 35 ssnwaidya
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4.2.2 nswasunvamaad] )
* Awdaseanlyn (Peroxide Value, PV)
nsiesiznaleiesnled (PV) Wunisiausunalalasiledeanlesdauiiv
WaRAuTUUgHgH (primary oxidation products) ildannsesndinduesluiu uasiaRldsumnu
fluannniigaiswils Ae iodometric assay lnsorfemaiinufAtensenislalaseseenledivlele
lasleseu (odide ion) Wilulelefiu wndulamsamiusinalelofuiiAndu (Laguerre uaz Angy,
2007) Andosoonleniitinsizeile uanslugy milliequivalent (meq) peroxide s AlanSuiaeng

- Bifaduiivsznoudeiiiuoo wWedidud
i1 PV vesdifatuiiussnaudienniuoo wesidus Mduansatnfiviiaaa
wiudiu 200 waz 500 WHLS NANIVIAGBILARYIN FapgsmuRuvansia (lulifu BHT
waziAy BHT 100 Wfdw) e PV iudumsisseziaanmsifiuinem lngsitagnauauiian PV Tuus
asYuveaiuinm TnefleEudu (Fuil 0) uazegarine (Fuil 56) geaninfegadu Ao 2.5 uae 72.8
meq peroxide %18 Alansusioene mwatey  n15fy BHT dewaliusunalalasilaseanlasanas
uaziian PV ﬁwndw@haéwmugm lagdlanganawiniy 41 meq peroxide e Nlansuiiogne wang

1 BHT ansnsndudansaidlalasweseeniolusswinenisfivnwnld _
fadidr i PV vesdaduiiuansatafvynudefinnududu 200 A de
flesninfedreruny williiinsesdldgandludiaduite BHT  Teefianuandreszwing
et dasunurnsivsnuluiud 28 Wuduly LAAII ansafaiiaie
10 winil Aqvlunisdudinisadslelnseseenledlalndifoafilugiciud 021 Fuvosnisiiu

$nwn usilotiisszugnatnsituinwann 21y 56 Ju wudn nnsldansadaiaiaududud 3
Usgavsnwsiiniinsld BHT (100 Ay edrslsfinnn Sfaduiliuasatanyladiy vy
e wazhandes T PV Indidesiuiotemusunaanengmaiuine lagilengavnewindu 70.8,
68.8 Uz 67.5 meq peroxide ABAlANTUMBEN AWMU WaAneIn ansainfigusiazydailnueandd
Tunsiusan@intuenaiiy ﬂu’qﬁ'Lﬁmmﬂﬂa%’aﬁmmiaﬁ’mﬁﬁmam'amiaaﬂqmémaamiﬁmaaﬂ%m%’uﬁ
wu‘l,uwsa 5900 mmmmuamaiuwama‘uu

mmumianmwwmmwmu 500 AL mmiaquﬂiuawﬁmwmiaumms
alalasiedoenladldfanini s Tnodsaduildueasatinfivynuindan PV sindrdaetis
AIUAL IU“UEIJ“"VIﬂ’]iL‘WiJﬂ‘]’liJL‘UEJ‘UU’SZJEN?I’ﬁaﬂG\Nﬂ‘LN wilidiu LLav‘vaa aawa’twﬂi“awamwmsmm
aammm%ummqwuamwmau Tnsild PV naenergnsifiuinusnindsaduiiiiu BHT 100 Ay
Uz 1.6 i wanani msvansatadndunfinrududu 500 ARy Sussavsam

dieuwinasld BHT 100 #ifdu nsifiudSinamesansadafivtiudsalnonsarenisiiuuSunnens
fusendinduilifussdusznau 5aﬁwlﬁ'ﬂisﬁw%mw‘lumiﬁwaaﬂs‘z‘jm%’utﬁuqq%umwlﬂﬁaa
donAdaiu Mattia was Aaz (2009) finuii arsuszneuilusaniimiuaunsalunssuesndadus
u ilemanduduann 250 Wy 500 lalasluans



= «§-+ control
= #i= BHT 100
wmmgfpee R
e TK
i SK
e MM
il TT

HN

PV (meq peroxide/kg sample)

0 7 14 21 28 35 42 49 56
FrEzIRNAUINE ()

o S
wngpre PP
——TA
vt YE

(B)

o+ «@es control
A = @l= BHT 100
()
TE,' imsegigpm R
o e TK
oo
% i SK
% ety MM
g ——TT
-2 s N
"E' SM
2
- PP
i TA
g YE
FTETIAMNUTNE (1)
= | ¢ ¢ av o 4a v Y ¢ d e a v A v v
AN 4.1 ﬂ']LU@i’OE‘Iﬂlﬁﬂﬂﬂﬂ@ﬂﬂ‘ﬁﬂﬂﬂ‘izﬂEJ‘Uﬂ')EJ‘LI']ﬁJ‘U9O LD UANLANATANANYLYN VU

200 ANLDY (A) way 500 WiNLdu (B)

al Ay A’ v J v v o vV 'ol 0
B R=31ymafl, TK=Ranaes, SK=duny, MM=wilmily, TT=nglafiu, HN=/ngmuih, SM=rnayy,

PP=einlH, TA=vg1d, YE=ngjudwde
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dlafinnsanawaunsalunstiudinsaanedvadlalasiveseantladlude
Lﬂuwamﬁm%ﬁy’uﬂﬁmﬁmaamiaﬁ’ﬂﬁﬁﬁ"’wm WU msldarsadadnlel vilmiy was neldidudu 500
Ay uﬂszamﬁmwawaﬂ Imaf]qmﬂmﬂmwmwamaﬂsuammwiumimummu Ao wlinvesfivuay
audutuiidanld
- BffaduiiusznaudaetinsiuTo wWedidud
§ﬂa°ﬁ’uﬁﬂszﬂauﬁaafﬁﬁu70 Woddus Suwlifumsiiistuvesdl PV naen

[

prgmafuinyiuieafudiaduiivssnousediiugo wesidud lnedladunuauiial PV g
BfadulRy BHT 100 ‘W‘WLaiJ wagdlen PV Andndifaduaiueuszann 2 wh wanei1 n1siea BHT 4
mnandudy 100 Fidudy fussdnsamiiilunmsszasnsiineendnduvesluiludfadunaasy
(AWl 4.2)

mainasatafitudasrlndmasen1sUdsuulaesrn PV fiuansieiuly
uwiazsziuaTIndudy Tnemsifuarsatiniie 200 sy fgnssudimssondinduvedlusiuld snciu
nswivansatafia 4 e ldud faundes e ndhuduide uasinays fifld Py IndiAgaveilangs

<

N3779819AUAY (nndl 4.2A) eghslsfnnuan nrstiuaisatevgld 200 AdSuludady 1
UsgAviBnngailgn Tnganansndusamainooninduvedluiu uasiivsydvsnmaninddatuil
Wy BHT 100 ﬁﬁ@maaﬂawmﬂﬁu%’ﬂm drunisiiuansatanilmiiuRiiussansnwieuindu
BHT 100 #ida fiathu msiuansadmaitedissiumududuianan arsatongld LLavmmmuﬁmu
Us“awﬁmwwﬁiuaua‘uwﬂivﬂaumaumum Wasidud
nsviiunduiuvaansadafivain 200 Wy 500 fifdu wud Bifadumn

infinnuannsolunsiuosndnduiindu snfumsadaiindsuardudeiidndlen PV aaen
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hunldluszuuddadu swderanansanifduanslus-eenBuaud (pro- oxidant) wmmsmsqmi
pandiagduveddutiula (Sahu wagatug, 1993; Cao uasmme, 1997) uanmﬂu ﬂ’]iLWiJ'i”ﬂUﬂ’)’]ﬂ,J
Wauduvasansatanadily dealidiatuiiivaismels fnld wazvidmsiuiiussansanlunsdiuns
ﬁuﬁuqa%u Inedlan PV saseeien1siiuinwilitiy 10 meq peroxide S Nansatafiui
anuwile SeluszAvSamAnianisiin BHT 100 Afdusadne

dlefinnsanauusndvainsinasaiaisiiseduaududusieg wudn s
AVTULTUT a'amaiﬁmmawmm‘tumsﬁmaaﬂ%Lm#’fuLﬁugﬁumﬂﬂﬁaEJ Meimnuaunsafngaas
Lﬁ'w'fummﬁaa%uag'ﬁ’wﬁmaamiaﬁmﬁm Fananléd vlianarasduseneviinulufinsiunuanddey
sequifiusendindu ueniieluaniiadeduy Wuriauasesdusznauvesnsaluty NN Wae
29NTAU anMznnaau WudY (McClements wag Decker, 2000)  R1NNANISIATIEWAT PV WAAS
i msldmsatangldisaesanududuivssansnmgeiign lunsdudanmaialalsivesesnledan
Ufjiseneondinduvedluiy
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1978; Hawrysh, 1990) 8ntte 386 anuldagianinendumsitassinisesndinduvedletuly
515 (Laguerre Wag Ay, 2007)
_ Badudiusznaudietingiu 90 Wedidud

M TBARS wesdiiaduiiAnansafafiwdiuiu 10 vila fiogmaifiuinu 56
Tu wamanluguiiadluansinasuladailansailaniuiatie (mm MDA/kg sample) san1snmaas
aaﬂﬂaaqnumimﬂsmm PV %GLUuwamnm%mnﬂgﬂsmaaﬂmmumuﬂﬁmu TnaAn TBARS ag
Wutunusyesatnsiusnm (M} 4.3)
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BHT dudu 100 ifidu (BHT 100) wu3n e TBARS masaengnisifiudnmnuiu 56 Ju laedaGusiu
(udi 0) wazAgAving (Fuil 56) Wit 179 waw 1,804 fu 166 was 1,319 adluarsinasulasasles
AoRlandusiegne muddu (1ndl 4.34) Tasmisiiussesnaimsifiusne Tualial TBARS iu
qaﬁu winsiiy BHT Faduansiuiiudaasest Adeuldiustaumsvansfiaududy 100 ffdy
viilsken TBARS luddiaduanas dewSoumisuiviegiediaduniuay uansd BHT Siuszansnmily
nstudanisiineandnduresdiatunaaouls

mMaduasataRufieudutu 200 Aiduadudiadu (i 4.38) wuin
ansafnfioa 10 vl fussAvSamlunssunsidlnddesiu BHT Tughe 14 Suusnwindy dauns
dunsifiuiavaniudl 14 W sufieiudl 56 9u wuih maiuansasaivnvialuBiadud TBARS
qan’j%‘iﬁaﬁuﬁlﬁm BHT u@asin ansadaitzidudy 200 fASusiussansnandinin BHT 100 Wiy
Snisdmuansadafiadwau 4 vila Ao nudude aylaii durje waghindes fiAn TBARS gendn
fethemun (Control)  Fammanunsalunsiulifseeendinduiisetuianaideaan as
Fusendiaduiiifuesdusynouluite faruuandrefunsluwivswia a15Useney Uunadiny
anwuglassaiuazaminbivesmssemaviujizen Silva uag Amg, 2007; Matkowski, 2008)
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muAY wazdmuasatnfinaneviinfinududy 500 wmauuﬂsuawﬁmwmmﬂ BHT  a1safin
Fuifidnenmlumsiuiivlusiady Tnofiansanaindr TBARS mmwammaaﬂmamsmmﬂm leun
Bl sosmenlaun vimiy uay RGHE (n i 4.38)  edrelsAd nsinUSInaEnsatang Sy
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Uszdvisam iesanne1 TBARS nneilddinadialndiAssiusegamuny uandliifiuin as
Fusendiatuiiiuesduseneulufivie ¢ vilnd den TBARS i wieBntenilde fignadudanis
aanuivadlalasileseenladsi waylivnzaudassuussadul
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dlaidsuiiisudsgansanlunisiunisivredfaduiduaisadaiv Tu
Sfaduiiuszneudiatingiu 90 way 70 wWesidud ¢eds TBARS wui1 ansafniivudazyiindgnsdiy
pendinduiiuansieiy waznisifiuenududuvssansataiy dawaliiuseansawlunisiunsig
Fudlanseuiisufudiogtada BHT 100 fifdy Tnsmstdansadainle wilwiiu uas dnayeiianm
Wty 500 ASuiiuseavsnwlunissunsiiudeiE e
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dafla war 2,4 ueaAledia (Shahidi uay Wanasundara, 2007) shudedadunisiausSuno
ansUsznaudadled anun osnlumaihuiisenlasadwesdailedlnenss (Laguerre uaw
ANg, 2007)

- Bffaduiivsznaudaetinsiu 90 Wedidud

miLUaauLLanm p-AV maaauamuwmaawnmummaammamimusnm 56

Fu wu Msdsuutasen p-Av uaammuamaunmmLﬂﬂvwauq TneAn AV vasiegemuAY
(Luivdin BHT) saeaszaziaan 56 Tu dawiauduain 0.816 \Ju 3.44 luamsdinsifin BHT 100 RSy
Tudsfadu vinlan p-AV anaq Luamsa‘umamumamamuqu Tnefienfuduan 0.682 (Hu2.11
waned1 BHT  iuansiunisituiianunsasengnilda senasdudinsaislelnnodoenles
(WAnFituUgund) narnsaaeshvedlalasiedonlen (wAnSausituyRend)
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snidu ansadadude dlan p-AV sndy wie mmmauENmiaawmﬁuaqlaiml,ﬂasaaﬂlemﬂlﬂ e
msaumaunumamqmum maanmama fiFn p-AV Winduen 1.1 u 3.59 ‘Zi\'iﬁ\iﬂ’J’W]’JE]EJ'N
AIUANLAY aamwmamaauwmmmnm lofiansundn pAV vesdiaduiliuaisadaie
Lﬂsaumamumsmu BHT 100 W‘WLEJ:LI WUI mm'ﬂummummﬂumwﬂmmLﬂﬁmau‘] na1Ae
msdsensaiafivinadiduind fussdvsamlunisiunsiiushniinsly BT dleufivansade
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4.58) Bnvaiien pAV uansefuegrsdaaulutud 42 drunslansanainlad vilindiu wae
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afndunglaivzaufiasiunldssuuddatuil venand ms:;Lﬂﬁmwamﬂmmuwmanummﬁ
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* aswasuudasan USuiueandmdunanun (Totox Value)

mMsrwaUSinueendnduiaun (Totox Value, Totox V) vildlasnism
HasImTEINe  Adeieanlad (PV) wasan p-AV anunsothulduszifiuvmsdevaninvosiusiuan
mseendintuld (Laguerre uag Amy, 2007) USinaesndmdunanuansen Totox V firuan
Ifnaenssasiia 0-56 Tu AR 4.7 uas 4.8
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wilwdu dnays fnliuasnsIdmansseiuninududy fUszansanlunisfunisiiufinimse
Wiguwihnsld BHT 100 #du lnewuin a1 k veddaduiliiuansataiom 4 ¥Daiviausasy
500 ffBuirmninAwes k Saduliy BHT

Asivasadanzldiseiuanududuians T8asnsiAiandnsusives
USenaniige uazdailinsnindegiadiu BHT sauluds Saduiivdenldtdnvasmanenmiia &
dmdesgaulnafssiuiedaiugu uaslindndndiiinunsiinasneigniniuinu 56 Tu
Wudeafvansatadnle Alidsusigndsussndnduiinviny anuLYIINVINARA LS
IndlReaiufeg1enIuay LLavﬁmmmﬁaﬁmaammamnﬁu%’nm%‘ﬂé’w Tuvaeinisldasana
wilindunazdnasye danaldvosdiaduduiu 5 anmauasuummﬂamaminwumnaaamwwu oiling
off Tuiudl 56 suaqmamusnmumama%umwwmluLﬂuwaauiumaamvsinﬂaﬂmaa (Batista uaw

At 2006) et asafnity 2 vda Tonnzaurestaduiuudiluthiy 90 \osigus éur a1

afnglduazinld Tnefmuarnududud wsunisfnmduiely fe asatanglananudady 300
waz 500 WALSN puddu wavansanadnlifieruduty 250 uay 500 FRLSY AUEIEY AN
Uudsummnduduresmsatafivisdasdnon 200 10y 300 waz 250 RSy suddy 1den
AsAIAANANUENTY Lnge19899nUss AN A NS uNIT iU aTIAduTee BHT 100 RSy
fosnnsldansataasssofinaududussauiilinaniseusenindusindanislyd BHT Tuuns
WIATEN

A13197 4.3 Asiivasnsifiaufiise) (k) vewmansasianmsiuvesluiuludiadufivssnausae
wgiu 90 Wasidus

PV TBARS p-AvV Totox V
fa8194* ppm  k N\ e k vt k . S « r t
(days™) (days) (days™) (days) (days™) (days) (days ™) (days)
Control 0.065 0949 107 0045 0922 15.6 0.027 0964 255 0.062 0.954 1i.1

BHT 100 0054 0971 129 0041 0943 169 0.018 0.816 384  0.051 0.974 13.5

SK 200 0064 0957 108 0.045 0920 155 0027 0918 261 0061 0960 113
500 0062 0954 112 0042 0942 167 0024 0821 288 0059 0955 117
MM 200 0056 0967 123 0043 0945 160 0016 0822 442 0054 0971 13.0
500 0045 0982 154 0031 0942 225 0006 0443 1117 0042 0986 165

R 200 0053 0900 130 0040 0899 172 0025 0853 283 0051 0908 136
500 0050 0955 137 0035 0.801 200 0017 0859 413 0048 0963 143

YE 200 0061 0938 113 0043 0911 159 0029 0872 235 0060 0940 116
© 500 0056 0963 124 0040 0940 174 0024 0859 295 0054 0966 128
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3197t 4.3 (i)

PV - TBARS p-AV Totox V

fe819* ppm  k oty ko F ty, kPt k oty
(days™) (days) (days ) (days) (days™) (days) (days™) (days)

TT 200 0061 0946 114 0044 0913 158 0031 0959 226 005 0950 117
500 0054 0957 129 0040 0937 171 0025 0854 283 0052 0962 133

SM 200 0060 0975 115 0043 0941 163 0.021 0780 323 0.058 0.976 12.0
500 0046 0.990 150 0.034 0954 202 0.012 0366 593 0.044 0.988 15.6

-

PP 200 0057 0970 121 0041 0930 169 0011 0582 614 0054 0970 129
500 0041 0975 168 0031 0957 225 0009 0535 751 0039 0977 17.7
TA 200 0055 0968 125 0039 0953 179 0019 0565 365 0053 0970 132
500 0.050 0971 140 0035 0991 196 0018 0619 381 0047 0971 147
HN 200 0056 0976 123 0042 0957 164 0021 0866 328 0055 0978 127
500 0046 0958 152 0.036 0899 195 0029 0689 242 0045 0955 154
TK 2000 0063 0958 11.0 0047 0937 149 0026 0833 270 0061 0959 114
500 0060 0969 116 0042 0927 165 0018 0848 384 0058 0971 121
vnews % et asanene 10 vie Wud Resiamidd, TK:ETqLﬂé'vﬂa, SK=durjy, MM=viimiiu, TT=agla¥iu, HN=fnduih,
SM=finzye, PP=Anl, TA=nv14, YE=vigiduide

UUC;

* Fiaduinusenaufaguniiu 70 Wosidus

yiiseeendintuveddediudliatunivszneudensiu 70 wWedidud Maszvils

v

WulunmuanudiiusufiTerduiuiinils (First order reaction) fiAn k kagA1A3eTan (t,,) AFuan
IaluusiazdTingeyt aseasidealuansed 4.4

d' 1 t:l' o aaa = (v s = U a @ QU d‘ v
A15199 4.4 ArpsivesnIsiaUfisen (k) vewmdndusiannnisiiuvasloiuludiaduiiuszneudie
1thl 70 Wasigud

PV TBARS p-AV Totox V
DL ppm k Q7 s k R° S & r t 1,
(days ") (days) (days ™) (days) (days™) (days) (days ) (days)
Control 0.0890 0977 7.8 0.0555 0.946 12.5 0029 0601 240 0.0845 0.985 8.2

BHT 100 00883 0977 79 00587 0959 11.8 0.024 0860 286 0.0840 0.979 8.3

SK 200 00693 0991 100 00304 0888 228 0013 0189 536 00640 . 0987 108
500 0.0653 0979 10.6 00426 0946 163 0027 0487 254 00629 0973  11.0

MM 200 00902 0970 7.7 00508 0851 137 0028 0373 245 00855 0967 8.1
500 00765 0980 9.1 00476 0.827 146 0021 0213 333 00731 0979 95
R 200 00648 0959 107 00266 0.791 261 0029 0427 243 00621 0952  11.2
500 00437 0937 159 00247 0787 280 0004 0052 1973 00398 0931 174
YE 200 00696 0982 100 00298 0797 233 0010 0034 720 00619 0983 112
500 0.0600 0987 11.6 00142 0566 487 0002 0.008 2983 00557 0988 125
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a1514ft 4.4 (fa)

PV TBARS p-AV Totox V
2 3 2

§19819* ppm k ty, k r t k oty k r t s
(days'l) (days)(days'l) (days) (days_l) (days) (days-l) (days)

TT 200 00887 0969 7.8 00385 0866 180 0033 0586 211 00861 0972 81
500 00705 0545 98 00248 0602 27.9 0003 0075 2034 00659 0947 105

SM 200 00778 0963 89 00363 0836 191 0031 0264 225 00752 0971 9.2
500  0.0605 0919 115 00355 0599 195 0026 0540 265 00587 0923 118

PP 200 00783 0952 89 00542 0945 12.8 0.028 0495 245 0.0750 0.953 9.2
500 0.0630 0.978 11.0 0.0410 0809 16.9 0.010 0.245 673 0.0597 0.982 11.6

-
N

TA 200 00703 0962 9.9 00476 0.891 146 0028 0479 246 00672 0.962 103
500 0.0425 0.943 163 0.0214 0.664 325 0.008 0.099 881 00368 0938 18.8

HN 200 00558 0984 124 00335 0760 207 0.013 0.188 538 0.0523 0.990 133
500 0.0364 0934 19.0 0.0287 0.680 @ 24.1 0.010 0322 668 0.0324 0.937 214

TK 200 00616 0935 113 00434 0829 160 0016 0246 441 00582 0951 119
500 00574 0984 121 00418 0855 166 0019 0288 366 00558 0987 124
wewn X el arsadany 10 wde 1o R=s1ymiin, TK=RAunAEA, SK=dfurl, MM=wlwidiy, TT=nzla¥du, HN=fnénuth,
SM=rinauje, PP=Anls, TA=nA&, YE=ugiduide

ilofinnsandn k sewdadnsinnisiusedlutioie 4 wudt mMsinansasaivag
luddadudiulvgdwanadnsnsiiendedusiiiiaianas (e k anay)  Tunepseiudy e
3TN (1) axdiinifisigetu Faniswdeundasen k YEUANA9INTIBtNsAIUANLNN S B Toey
Wuramananuduturesansadafisiduady lnsanizadeds msiduansadaniofiaudusy
500 fifSuiidnsnsfiaufiisensninisssiu 200 Aidaluynis

nMsthnansafaiglusziuamgndy 200 AL wudt A1k luyndsiesgsilail
arauanasiegadaeu ssridladuiiinansatniiviuaiatuniuay - Baviedmudn arsafn
ﬁwawmﬁﬂﬁﬁm k LLa::ﬁwm’?a%‘imﬁmfhéﬁaﬁummu W dude 5191801 nfuduide eean
miaﬂﬂwwummm mﬂmsmaauﬂgm'&naaﬂsmmumaalwuaamnmmlmmﬂama‘aummu
ARBATEEZIIAINIAUShEN fewmnil miLmumiaﬂmwmﬂamuﬁ]ﬂmmmmmvau ifiaga1n nsifa
asananvoITINMsiinesndinduvadluiiu wﬂmﬂﬂmammsmm’[,wuﬂﬁmuLLavﬂJuwmaﬂﬂuﬂsmm
wnAIBiaduniuny mm's‘wmmmﬂLaaﬂmianmwmqLuulﬂma'ﬁaﬂmwwuﬂivammwiﬂaLﬂsm
fiumsld BHT 100 AflBuuasdenitianeldluynitnaaeus thud arsadanslduavinld g9y
msfmdenansatafivfendudy 500 Ay wui msldasaraingiuih nelduasinlifino
mnzauseszuudtatull WesnniidasmsiinndndusiduasiaatedSmiussesaiunia
drladuauny siudedeliusganiamAndanasld BHT 100 #fdy usednalsiniu nsldansadadin
Fruinudn enissauialudusduasaniifioniludawinsvesnsvadeu S?Qﬁﬁlﬂajmil,ﬁaamw
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WUy creaming 1# fau nsTansatanylduasinli Sefimumnzaumnnnindnguhlundues
dnwazsinguaznsUAsunUammanen mesHandioe

pgslsfinnn mstansadafiviiaewiauldlunismaasudusely suduges
Viudsunrmududulingay TneRasanmanannudiuduiiduniung ssatulssansam
93 BHT 100 #ifdu Tunn3sinseyt Ssmmiduduresasafonzldfimnzan e 300 uas 500 74
B dhuasadadnlivhnsmeaasuiirududu 250 uas 500 Sy asafaieidadenldtaiai
sgnihlunadeunavesgamgliuazfiteviifiiensidsuuacfisueendindurediadudely

4.3  WAYRINIaY uAzMNY ammumﬂgnsmaanmwu‘tuauawwuuﬂuumwmu
a1vananY
thansafafiefidnideniassiialdun ve1d (300 waz 500 AfEL) wazdnld (250 was 500
Fmdy) vuduluddaduindenlutuluanisunnsiedy fs fevvify 3, 5.4 wag 7 warnhlufv
%’nmﬁqmmﬁ 25, 35 wag 45 asruaaliied Jiasgviniseendinduveslatiugngs TBARS, PV, p-AV
waz Totox V IaenlFeuiiisuiieensdiiaduniuay (siiin BHT) wazddiadumau BHT 100 ffiSy
4.3.1 wavewpamgiinisifiuineiiidennildsunlamnenisnmusdiaduiinie
§1199)
* Biaduiiusznaudaeiiny 90 Wesidud
mafiusnwdtasuwuuinlushsuditfes 3-7 wammu 25 pyrnlwaldud wuan
a{fuwﬂmumwLmamumnwwwa 3 szau leln segamuny frogain BHT100 iy ifadu
ApNansananzla 300 AABY (TA300) uas 500 fLBa (TAS00) uagdiiatuiiiuansanainld 250 @

A a

By (PP250)  waz 500 LBy (PP500) 1 YnenegalinuARAnaennIsiiusne 68 Yu :u
Snvamdudoweaiu amwuluwunmaaamwim dewseudieuiudsaduluiud 0 uenend
matiuanudnduvesansatafiodu 500 #fdy Lidwadeanunsiresssuudtatuiiusnui
qmwgﬁﬁ Lm'msL(?mmsaﬁﬂﬁﬂlﬁﬁgﬂaaasvﬁummLsﬁm‘*ﬁudawaiﬁﬁﬁa%’uﬁﬁmﬁauﬁmﬁmﬁﬂﬁaa
msmusnmaumjummmm 35 ssrualdealunal 56 Tu wu nsdsaniwaes
aua%uummaﬂuluiuauasuuwwmsumq5] i 3 seU wasilmrsuandsunuad L uTesanTale
fwsnde (A15797 4.5) IﬂamaLﬂiaumaumnaaamwsuaqauawumummaawuﬂ (laiiist BHT wae
W BHT 100 #iLSu) wudn edflevanas msLaaamwmaaaua%uﬁ]vamnmJuIﬂ8auaﬁnumuc~mm
oy 3 G]‘J’Jﬁ]WUﬂ’]iL?IEJﬂﬂ’]WLLUU oiling off I&Feudsuil 28  usBatuiiAuansadniane 4 84
AUANIALELTL 35 Fwmsanumsidsanimuuy oiling off wWiieaiu uenanil  Baduiids
ansafafiviftevgendt flenuasiilsidonndt 42 fu  drunsidranmeesdtaduiiBuamsadadia
usnnfumewvediatunds Sdufumuduiuillisnie  Tasfiteudensu sdaduibuans
aﬁ’mmié‘luizé’uqaﬁmmmﬁ’aﬁmf’l513’61%’1417‘@318{15?{5@%3‘[5%33ﬁ'wi‘w Tuntamsatudnu wuin

-E’)D

ﬁﬁa%uﬁLﬁua'lmﬁ’mc‘l’nlcﬂuszé’uﬁﬂﬁmmmﬁqﬁndn?ﬁﬁ’a%’uﬁmmL%wﬁumaaf"fmqm'jw waziile
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Wisuiileusewinsfioavieany wuih mswdeudsaduiifiou (fiow Wity 3) dwasierua
‘um%sﬁ’a%’umnﬁqﬂ Filiorann mawdvuwlasifavdmane &-potential vowwAtT wassali
Lﬁﬂmsmﬁauﬁﬁmﬂnﬁﬁumawaﬂﬁﬂﬁuéﬁqﬁﬂﬂdmuﬁaamwlu‘f/‘iam (Aoki uas Anuz, 2005)
wamsmusﬂmauamuwammm 45 asenwalea (Ms197 4.5) wuda LilBﬂi‘U 56
u dfadunadeuimun LﬂﬂLLEJﬂ‘UU“UENU’]QJUWSEmﬁLaEJﬁﬂ’IWS’c’J’lx‘lﬁiJ“U‘jiu wazdifatuiifiuinud
AR ﬁ"m'mwumuaaamwwmmwum flocculation, coalescence, oiling off uag lARNISHEN
%U‘UEN‘J’]?,JU (oil separation) ‘smmmﬂaaamwmLﬂﬂsuul,i'maﬂluammmmaaummm 18 61579
WusaueIuT 14 wie 21 vesmafiuinw wiih nsideanimvesdiatusziinedauusaidensu 56
Fu agndlsfinny maBeuuvaseiileiio 3 sz aqwamamﬂaaammmnmanu Imaauamummu
ansaftomgl&sassamududuiimnupsiaininafaduiiiuansatninld  Sntastaduiiiuansadn
ynelditiey 3 asranunsidsanndndian (Juil 42)  uensnifmuin fesiiuanssfures
dfatu lidsaedadaudeuuliumsideanmvssdiadumunuidesriauaydiaduidvans

afidnld Tnornunsinvesdiaduiigungll 35 uaz 45 esrmwalfuammsaazuldfmsed 4.5

eeo®  ode

o Y @ o o oA kY Y & o l: v @ W @
M990 4.5 ANUAINIVBIBUATUNUTZNOUNILUY 70 WBSIRUANENAAAUTNEIUIU 56 TU

sygznaNAUSNEIU)
0 7 14 21 28 35 42 49 56

pH #9879  ppm

Control - - - - O O @) C -
BHT i . oA JAAANA Shvovered 2 Id  ©
TA dobll] )/ SERNR ( ——— -Vl | -
3 N WA N INY - . : ~Jd o
PP 250 . e . ( . & Jé -
5 Sy AW - ) ] o O Jb C
(54
= Control ¥ S : . ] : - ]
Z BHT 100~ \ A\ LA - 3 . - - - -
Z 5 T 300 € Y% 3 = d - X B - -
\ 500 Ly LG - : ) - 0 o0
o0
= PP %60 = N\ - ] - -0 -
q?
s S0 es - - : . . _ _ 0
§r Control - - - - - - @) -
BHT 100 ——— = : - - - -
7 TA 300 — - - - o0 - -
500 - - - - : - - 0 o0
PP 250 - - - - - - - - 0
500 - - - ] - - 0o 0o o
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A15199 4.5 (618)

& Y (%]
2ELANAUTNEI(TU)

pH  §M8g1* ppm

0 7 14 21 28 25 42 49 56

Control - - O 0O F F F C S

BHT 100 - - : 0 F C S S

TA 300 - - - - _ ; F S S

3 500 - - - - ] - C S

PP 250 - - 0 0o F F F o C 5

ﬂ% 500 - - 0 F F C C C S
< Control - - - 0] F C S S S
Z BHT T T o S o M N s
5 TA 300~ - - T s - C C S
@ 500 - \ / O 0 _F__C S
=1 PP 250 = \ / e 0 W\ C ¢ S
s 500 - > 2 Be—T. c N\ s C
E« Control - - F F F F & C S
BHT 190~ ) ! \ . oS T F C S

7 TA <[, ) \ \ F . C\\ C S

500 - /&80, I AN\E P S S

PP 250, | (- ! ) ) 7 &) € S S

500 - R0\ e e L%k S S

Ve * vineia ansanane TA=vgld, PP=Anld, - vuneds lwunisideanin
Fwneds msidganiwiuy flocculation, C vungda n1sifsaninwuy coalescence
O wunsfis MIEUEAWLUY oiling off , S vinefiy nsdsan muuuiamsendureainiy (oil separation)

mafugamginisiivinundsiadu dwalaensidenunsinvesdiadunaaey
fava Liesanaan msiiugamgiiduninfiumdsnudasudseuy dwalddnsnsiadeuiives
Tuananelussuuifissnntu slinemisudvn s fusnndy nsdsanmiaialdis,
Fu (Frankel, 1993; Guzey uag McCements, 2006) upnmilaanidadisvinasuvesnaudsunyas
fovvesszuudfaty Mk Cpotential wWisuuwlasly  fadu msdsanmiafeduldsanianii
mufuinundigamglidug  edulsfn iWefinrsnnsisuwlamenisaimeesdiiaduimue
w1 mstuansatanglafianududusii (300 #ida) Hlidiatuildtaunsiageiian

* Siaduiiusznaudaeiiy 70 Wefidud
msiiuasafniivludiaduiivsznoudediiu 70 wWesifuslidwasoniuasi
wazdnuarUsnguemdndng uinsisuulasiievvosdtaty wazgaumgiilunisiiuinwens
dwasadnuazniamennld Taeluiui 0 Sfatunsaeuimuannseiufiovhifinruuanssiudy
dnuagmenin uasnisiinanuduiuresansadafivn 2 viaflidwasefvowandasitudy dle
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sumsiusnuniiguvgl 25 wag 35 ssmuwaida Wuszernaiuiu 32 Su wud mnuaves
?Jﬁa‘z"fumaauﬁé’qagﬂumcueﬁﬁﬁmﬁmstﬁumsaﬁ’ﬂﬁﬂuaﬁaﬂ’uﬁﬂisnaué’a&Jifﬁﬁu 90 wWeafidus n
wadifatuiiusznaudeingiu 70 Wesifus fidvewmdndasiindidssiu
deingamgiivesnisifuinuidu 45 swueades  ananumadeanimues
fadunaasuluynszduiiioy (13197l 4.6) Inslawizasebsludiatuiiifiov assanuniside
anmanniige sesaunde few 7 dwdiiaduitiiey 5.4 nunndsanwiosiign uansin ey
yessrUuLazumginsiiuinniinarenuasivemaniue fesn msviugamgiiidunsui
wdinBasyliunseuy daumieriinataunsassdiifanisideanldsnaditu Tngerasanis
lelnslagavesluiu wasvililassaiuuasauaniRvesdiiadiniosfiudsuntadly Wudu ifledads
ﬁgqaaaﬂszﬂauﬁuﬁav‘iﬂﬁﬁﬁaﬁuﬁﬁﬁLaﬂusi"'u,ﬁﬂmnﬁaamwmmdﬂﬁﬁw%ﬁuﬂ dlefinrsandnuee
msideanmiinsanuludiadunadeu wuind 3 dnwaeluglq I8un oiling off, flocculation way
coalescence Snvdamunisuentusenisiiludiatuiifuansafodnli 250 ffSuiften 3 Snge

o Y aw o o b Y & < & v @& W LY
13199 4.6 AUAIAIYBIBHAYUNUTLNBUNIBUINUY 70 LWaIEURN1ENALAUITAYIUIY 32 TU

seaznaAvTnen)
0 q 8 12 16 20 24 28 32

pH #eg1e*  ppm

gaunil 25 ssrivalded mpghamnyilaldnunisdeanin
gauugil 35 aseLvalded magmnulialinunisideanin
Control 3 S . = 7 - . 1 C
BHT P IN : - F - _F ¢ ¢
TA BOL ) QL X - [ - = Ib c
3 5aQ ) NI 5 ; ! , O b
PP o NN SNVE . - U~ C ~C JJcC S
ug BooRy, (V- { 5 ’ N J Ke C
g Control G 1 - > - i ; - C
z ol -\ (0g/ =897~ NS - o
S 5 TA 300 = p ]~ N J/o
e 500 - - - - - - - O] @)
aéa PP 250 - - 2 - - - - - 0]
£ Do, - A 5 - T < B e B
g’ Control = s - . - - - - C
BHT 100 - - - - - - - - o
7 TA 300 - - - - - - F 0 -
500 - - - - - - - - -
pp 25 - - - - - - - 0 o0
500 - - - - - - 0o o0 _ o

wewme  * et ansadeiiy TA=ngld, PP=dnld, - et liwunisideaniw
Fyunede nmsidednimiuy flocculation, C vnedls mMsidganimuwuy coalescence
O nughs NMIAvENMLUY oiling off , S vunedia nstdsan wLUURRMSIENYUYRIUIiU (oil separation)
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miLaaamw‘uaaama‘uu’i,umsﬂnmﬂiqumwwduauamuwmusnmwammu 45
ssrwaldeawiniiy Tnedsadudinfey 3 wumsmaam‘wLLUUNuﬂaU"Lulﬂmnwam UazAIIIANENS
aﬂmwnlwmammmmmu fianunsdsnindsadufiiivarsatansla Iﬂawumﬂaaamwuuu
coalescence fausiuit 20 vaamsiiudnu Turmsfinsfuinumsaduiifansatans1aian
Fanarnunsideanimuuy oiling off Fudumsidsanmiuedudvainiu  Wefilevvasszuy
Sraduiududu 5.4 was 7 Eﬁaﬁﬁ’uﬁLﬁmmiaﬁ’mﬁﬂlﬂié‘]’ammnwun'ﬁLﬁaamwamdﬂnmaumsaﬁ’ﬂ

neldiudienfuiinuluiiiey 3 waneih arsatanslatinumnsanressuudtaduuinnia Lummﬂ
ammammﬂszqnsﬂ%‘luwmwmfnmwﬂfnmianmmﬂlm mumnaaamwmaaaumumuﬁpmq
anwilnfigamgll 45 sswaida wuin Sfaduildy BHT uazifaduniuay nunsidoaniwlugag
qavineveInsiiushen Ao Juil 26 uwaz 32 mudisy wenniSmumsidsanilesnindadud
Wuansatafsifeviertu Sudululadn aeviiudeuudaddensdaauisusenisselaseadng
yesarusznevluasataiiy vihliAnnsunfieenainsyuudtady wensnildanuin Sladuiy
BHT 100 #fiduiifiey 3 fmsdeantmunnninfifievdug uanein msindeudiaduiiievdsnanid
amuferdasiuauasinvesssuulaenss agralshin ansadaneldnassnnududy Srnuwengay
flansiodnunznanenmusdiiadudifitovsieg
4.3.2 uavesiieviifideujisensendinduludiaduiiivinmi 35 swnwadea
mMswdsuulasitevresdiatunaaeuGiaiseus 3, 5.4 way 7) vlvarmaiunselunng
mmjgﬂsawaanszrt,mmusuaqlmmul,ﬂawuﬂaqmulﬂma mlunamawammwuﬂ%mu (A3
ponlan, PV) LLa““UU‘VW]EJmJ (A1 TBARS UagA1 p-AV) naanau USinamandiadumanyn (A1 Totox V)
fiswaziBon s
* aAndaseanlad (Peroxide Value, PV)
nMsinsessianeseanled (PV) matadsinalalaswedeanlasdadundaiueidu
Jguniivasmaineendnduvasluiv
. Bfatuiivszneudieingiu 90 Wedius
wanseaeui Msdsuuasiiesanndilugs (3 1u 7) Tudfaduniunuits
aoswiln (3 BHT waz 1fin BHT 100 fifdy) vilien PV wiugetiunmaludng (nnil 4.9A uas
4.9B) Iﬂaaﬁaﬁummmﬁﬁmﬁ 3, 5.4 uag 7 A1 PV a&vjtﬁuﬁmﬂuﬂ, 35 uag 61 meq peroxide @@
Alanfusete audidu  d@un1swin BHT 100 Afduludiadu uwhiwhlden Py ifiudusiuiies
FfinTu usanusadn PV lusogrediaduld  Taediaduiifien 3,54 way 7 i@ PV iududsd
12, 19 uaw 40 meq peroxide manianiumama Wame31 BHT uqmaummwu’luaua%ulmwwLaszj
99 nsifinfuvesen PV dieiuftend 1Wunaannisy ﬁmmwuwawamumu Tnefifovaadl
Usy mﬂumﬂ '«Nanﬁmaniwmwwamumunumﬂﬂs 2ONTUAUD wm’lwammmﬁgnsm
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fauaneUsEns Hednwaenianieain Maddsuuamiuadl gamginmafuinwanumnza
yesszuuiviilinisiusendinduiiussansnwgsiign saudededesuauunnsnstesiiv Faaztae
Tnsthasadaiivnlivsslendifaseuiaguszasd Tnsnansmanosinudn  asadangld 500
fmsuiluszansamlunistunisiugeiigasludiaduiiifievieiuwasiivsnuiigumntidneg
puiadnAusiladsdidnuagmanenwiia seaando msldansadadnled 500 #dw wagans
aftogld 300 by Bnviensliarsadaiivisansaiintgeiiussansandninisld BHT 100 #fidu
Feeansnthansatafivdenarlulssgndlinansausiimvnsausaly

AT19T 4.7 f1 Qo UATANATITIN (t 1) vesdTTaduRiUsynaud sl 90 Weddumuedidusd
fifloruazgumniinigg
PV p-AV TBARS Totox V
fi19tne* ppm Qg ty(days) Qi tyeldays) Qi tyofdays) Qi ty.(days)

T=25 °C
pH=3 Control 2.959 50.4 0.4391 1474 0.250 0.173 52.54 36.4
BHT 100 2945 59.9 0.8557 172.7 4474 0.326 1358 474
TA 300 3.635 44.8 2.272 379.0 20,340 1.645 4.094 22.3
500 4438 50.7 1.890 304.5 16930  0.868 17.04 286
PP 250 3218 37.8 6.438 364.6 239.6 9.621 13.07 198
500  3.419 412 2.192 198.6 15006  0.719 16.41 22.4
pH=5 Control 4.524 49.4 2.083 319.2 0.835 0.579 4278 29.7
BHT 100  4.071 534 06787 2299  407.300 15580  28.23 38.2
TA 300 3728 49.5 2.198 823.6 10660  0.554 10.50 25.1
500  3.028 434 01259  4097.2 4.244 0.346 8.978 218
PP 250  3.656 a7.6 0.4936 88.5 43108  3.879 14.82 a4.2
500  3.730 44.9 0.3656 124.8 37162  3.465 13.86 30.8
pH=7 Control 1.591 145 12.3¢ 699.4 0.150 0.104 2.948 2.0
BHT 100  1.717 17.8 4.804 4433 4.094 0.078 6.561 39
TA 300  1.884 25.0 1.405 884.6 50.96 1.530 6.390 5.8
500  1.704 24.6 4.678 1078.2 12.29 1.012 3.307 5.7
PP 250  1.740 20.0 1.217 110.3 17.43 1.132 2487 4.9

500 1.634 228 0.0266 92.1 14.25 0.934 6.005 6.9




A1599% 4.7 (f0)

PV p-AV TBARS Totox V
f708719* ppm  Q;p  ty(days) Qi tioldays) Qi tieldays) Qe tynldays)
T=35 °C
pH=3 Control 2.375 17.0 19.25 335.8 40.57 0.6931 3.175 0.693
BHT 100 2.704 20.3 9.595 201.9 4.115 0.0730 12.36 3.489
TA 300 1.517 12.3 10.25 166.8 7.478 0.0809 21.27 5.445
500 1.330 114 8.003 161.1 2.683 0.0513 5.037 1.679
PP 250 1.447 11.7 2.154 56.6 2.528 0.0401 5.805 1.512
500 1.449 12.0 4.365 90.6 2.130 0.0479 5.029 1.368
pH=5 Control 1.359 10.9 8.722 1533 40.38 0.6931 2.810 0.693
BHT 100 1.686 13.1 16.019 338.8 2.070 0.0383 4.926 1.351
TA 300 1777 13.3 19.688 374.7 4.134 0.0519 10.09 2.389
500 1.677 14.3 1372 325354 4.086 0.0816 6.228 2.423
PP 250 1.619 13.0 8.214 179.2 4.277 0.0900 10.32 2.980
500 1.353 12.0 10.65 3414 4.562 0.0932 4.882 2.222
pH=7 Control 0.990 9.1 2.622 56.7 24.05 0.6931 3.001 0.693
BHT 100 1.096 10.4 4.048 92.3 0.781 0.0192 2.000 0.589
TA 300 1.515 133 31.81 629.6 1.639 0.0300 3.524 0.909
500 1.552 14.4 10.24 230.5 3772 0.0823 5.483 1.713
PP 250 1.298 11.5 3.827 90.7 2192 0.0650 7.534 1.987
500 1.594 13.9 127.3 3467.1 2.204 0.0656 4.299 1.146
eme Control=fagWAIuAY, BHT=fMatwdiu BHT 100 #fitdy, TA300=asaianz1a 300 wildy,

TA500==an5annnz1ad 500 WLy, PP250=ansarminle 250

oot oa
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- Blfaduiivsznaudaeuniu 70 Woasidud
ranIsiingamgiimafiuinuiann 25 1Ju 35 swnialdea wuin Sifaduniunull

PP500=ansafinfinld 500 ASy
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A1599% 4.8 A1 Qy WAZAIASITIN (t 1) vesdTTaduiuszneumetniiu 70 Wesiudlesidudnifito

wazaauilang
PV TBARS p-AV Totox V
fi10819* ppm Qi ty(days) Qi tyoldays) Qi tysldays) Qi ty.(days)
T=25°C )
pH=3 Control 1.843 708 1389 4089 0124 2109 1268 1081
BHT 100 1304 586 2492 4120 22317 84156 1459 1250
TA 300 1.087 217 3050 2356 0748 935 1.042 30.1
500  1.100 19.4 3730 2109 0222 59.1 0.924 25.8
PP 250  1.256 136 1.896 497 1312 85.1 1.327 18.0
500 1.133 133 1.270 453 0.284 94.5 1.056 17.6
pH=5 Control 1313 13.7 1.555 526 1576 1846  1.356. 19.6
BHT 100 1.260 16.3 093¢ 1247 0370 1280  1.197 236
TA 300 1133 236 3805 3340 42305 54818  1.390 43.0
500  1.286 26.0 1443 1578 1407 2086  1.920 58.5
PP 250 1520 317 0141 1893 0728  107.6 1415 445
500 1.283 34.2 0162 1188 0445 85.4 1.098 46.2
pH=7 Control 1.127 10.8 1.373 46.8 1.118 88.9 1.096 14.0
BHT 100 - 1.126 131 1.095 615 0376 1397 1075 18.4
TA 300 1.182 16.5 4672 1863 0487 1595  1.403 26.6
500 1.424 19.4 4510 1737 0425 1364 1838 336
PP 250  1.159 14.5 3892 2707 0731 1089 1176 19.2
500 1.250 172 6564 10438 1075 1068  1.261 22,6
T=35 °C
pH=3 Control 4.539 384 17578 2943 53136 16952 8028 85.2
BHT 100 4.419 44.9 6088 1653 8135 3771 6578 85.7
TA 300 2.385 19.9 2.872 772 4759 1249 2838 289
500  2.105 N 2.188 565 10557 2665 2718 27.9
PP 250  1.118 10.8 0.982 26.2 3253 64.8 1.228 13.6
500 1161 117 1.227 356 15814 3328 1.446 16.6
pH=5 Control 1.134 104 1.560 338 5021 117.1 1.342 14.5
BHT 100 1333 13.0 4725 1336 11981 3454 1693 19.8
TA 300 1664 208 2.878 87.8 1921 1296 1891 31.0
500 1.464 20.2 2858 1093 1691 1482 1649 30.5
PP 250 2.169 208 55915 13378 4381 1477 2701 315
500 2.287 266 14794 7329 3744 1920 2881 42.1
pH=7 Control 0.955 9.6 1.242 34.1 2749 79.5 1.080 12.8
BHT 100 1.120 11.7 2.208 562 14018 3719 1426 17.1
TA 300 1.267 14.0 1.506 399 10096 3274 1479 19.0
500 1.217 13.6 1.486 38.5 9316 3210 1405 183
PP 250  1.193 125 2.528 69.6 5330 1491 1.343 163
500  1.248 138 4897 1590  3.034 99.4 1.380 17.9

NUBR

Control=fag1amiuay, BHT=1et14dx B HT 100 L8y, TA300=ansaiiom
TA500==a"3aianeld 500 #mdu, PP250=ansanainli 250 Widu, PP50o=ansadnsinlel 500 AfiLdy
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5.1 @7UNan1Ivngaal

ansataiy e 10 vie SUSadlusdniome uazanuasalunsiusendiady
#1735 DPPH, TEAC, FRAP waz ORAC wananfiulumuaeiugiasisnegey Ing arsanaiivaiia
Wudu 100 Ay fusiafueBnviunegsswing 11.18-42.94 alasniusiefiaddns  du
auanInsolunsiusendnduiieeildeneds DPPH i ICsEj5eM3Ne 38.2-1,558 ifidy
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ATANUIN N
NMSASENENTATANENIATFIULALTIDIIUANAGRY

1. @1982A18UIATFIUNTALNAGN _
Fansawnadn 0.02 N3 azanesoeniuea 95 Wesigus USuuSumsilu 50 Naddns 2w
¢ansavaneanmasgunsaknadniidradudu 0.4 fadnsusieladtng
2. €1985818UINTIIUY 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox)
3 Trolox 0.025 N3y azatedisieniuea 95 Wosidud 10 fadans Wandunasuiu
USunaiu 100 fadans agldensavareannsgiu Trolox fienandudy 0.25 fadnsusefiading
3. a1sazanelUifsunisualun
Fdgapuasuan 10 N3 avaedetinau USuuTinesidiu 100 fiaddns aldasazane
Tofeumduauaiitanududu 10 Wesidud
4. grsazany 2,2-diphenyl-1-picryhydrazyl radicat (DPPH)
3 DPPH 0.0078 n¥u azangluteviuea 95 Weosidud UsuuSieslu 100 faddns azla
ansavany DPPH fitlanududi 0.2 Sadluans
5. d15agane 2,2 -azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
¥4 ABTS 0.2742 n%u avanedetinnau Ysuusunasifu 100 fiaddns whansasate ABTS 7
Lddnuemilalaeenias 2 ndu eunaulsidifudae magnetic stirer 18ulaa1 30 wniiludidle
ntunseIEEnsEATEnsaNUDY 4 udnsessnasimiesinseswuan 0.2 luaseu gldansazane
ABTS™ fidtenmidiutu 5 fadluans
Aeurhn1slineiliideansansasans ABTS  daethnau Tiflennsganauwea fina
gnandu 734 wiluiung agluting 0.700 + 0,020 kazAITA3ENANTAZANY ABTS  Lual nnssiivinig
e '
6. 81582818 Ferric reducing/antioxidant power (FRAP) .
1) wisuasdwatwmasanududy 0.3 Tuans (pH= 3.6)
Slmspnesden 3.1 n3u azaiedetndu Wunsnesdiindudu (glacial acetic acid) 16
fiadanT masuTastetndudy 1 dns
2) nssuasazatensalalasaasnatndudu 40 fadluans
mnselelnsmassnidudy 3.31 Saddns Wuaduthadu snduusudsumadu 1 dns
3) W3guansazany FRAP
FuveBnaaslss 0.1082 nfu avanedretindu 20 fiaddns 9rntuta 2,4,6-tripyridyl-s-

triazine (TPTZ)  0.0624 n%u avanesmsaisazatenintelasaassnanududy 40 fadluans 20

fladans thansavarevsdeunaaniuesBiandvivasu3unns 200 Tadtng (Misludnsrdu 1:1:10)
agldfansazane FRAP USuas 240 fiaddng ensisdpuansavans FRAP Ininnaseiviinisiesiei
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7. @rsazaneviasnaivivios
wReu ansavans Weawlatwired aadady 75 Nadluand Mot 7.4 49 KHPO, 3H,0
17.12 n¥u azanedetindu vuusunadu 1000 faddns antud KH,PO, 5.1034 A3y azae
odndy Yduusuiesidu 500 fiaddns Wiansazany K,HPO,3H,O w1 802 Hadang wauiu
aTazanewdEn KH,PO, 198 fadans aunalsidniy 1iull gamgll udidy
8. mia“mﬂwgaamia%u Tuansazanetiniwas
Stock solution 44 Waaawmu 0.1881 ndu azatemenaamatiliies Usuusumsliasu 50
ans meveawndnines 161 Stock solution AMUNTY 10 Tadluans Auluaadendiviedne
Weuesd 71 -20 swmwadea Wussevnan 1 o
Working solution vhn13t38a74 stock solution Wiflaamidudu 10 wiluluans drevieainn
Srites Uuns 250 Tadans iulunindviviedeegiiilemiesd 7 ¢ samwadea Wussoziom
1 dUavi
9. g15a¥a18 AAPH (2,2"-azobis-2-methyl-propanimidamide, dihydrochloride)
1 AAPH 0.414 n3ur avansdevaamatiies Usudsiaslvasu 10 faddns I¢ansazaned
Sty 150 fadluand Tneiulilusraiuds deawseslmivnadiildnuuasiinely 8 dalus
10. prsnadsuANansalunsAtuesndnduvadluii
1) wdpudriaduresnsaledualuadn 1 Wosdud
Fansalusiudluadn 0.5 N1 1Ay Tween 40 113w 0.5 AFY avanpmetnaulnd it uda
USuUsumsiu 50 fadans
2) wignansazaly TCA-TBA-HCL
dinsalnsaaslserdfn (tichloroacetic  acid, TCA) 15 nfu wagnsalnlauridysn
(thiobarbituric acid, TBA) 0.375 n3u avaledgansazatensnlalasaassnaansdudy 0.25 luans
ntunanatsazatenaaaslfdfu USuusuiesidu 100 faddns waald 1 Ay dannsessie
n3EAENIBLURs 4 aylnansazane TCA-TBA-HCL
11 asAtaszalaseanlan a1t Cds-53 (AOAC, 2003)
1) MswesiEIsazanenInesdRnLazAaslsiasu(EnsEd 3:2)
Funseezanntuduadunasisesilusnsdry 3:2W5mas/U5uns) raulidiuuay

Bg
v

3 =t 1 ) a <
Aulureden Aewiildiinsei
2) nMswiseuansavanelnunadelaleladsud
Flwunageslelelad(K) 5 niuazasfeindu@umgivszan 85 osivaldes) 3

q
3

faddns Wfvlurieden wagyhnslawse Blank NBUMTIATIER
3) Mawssuansazansluieulvledas 0.01 way 0.001 uasuea
wiey Stock Tadedlvledawin 0.1 uedsuea TneddluReulnlodan 24.9 ndu azae
s uUsnasiy 1 805 antadiue stock leidsulnledamadiuiu 100 Taddasusu
USesenetnnaulsidu 1 aesldiduansasarslafoslnledama 0.01 usiuea
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duansazaneledeulvledamn 0.001 uasuea W3uwlaslaeans Stock Toideslvlovamadaeindy
Tusnsiadou 1:100 waruSuusuessiueeaIninusuins
msauaw‘lmmau‘lw‘lmjawxlmwnmmwmumaqmlﬂlwmmmmmmmunumsmmsmu‘lwLmat,swm
1alasiua(Potassium  dichromate) Aautiluiiaszsdianesoantas Tooilsrwazidun fall 49
Immamauloﬂ,ﬂsmwauum(awammu 105 e9A@ALTEE WU 3 411u9) 97u3u 0.001-0.002 3y
mumﬂau 2 faddnsuaznsnlalasaaasnidudy 0.5 Tafans mnuummmiaumdmmaLsnaulaialmm
Suih 2 fiadans eneld 5 uniiludiie duansazanediviien densuimundaingu 10 faddns
u,aalmmmnumsavmaIsum&Jmlﬂia%aLWMulmmsaumsamaaaaau Fuudls 1 wWesidud 0.1
fafans ansavmaaumaumu 161mema‘lﬂauamLaumamalﬂﬁmwm AAUsIRsTL BrluAuIn
mmmeuﬁuaqmiasma‘lﬁzjmau‘l,ﬂasuat,mmuaums
Aty (N) = 20.394 x dminansinasgu
USinnsiild@iadans)

0) mawdputindls 1 Wedldusd
St 1 3y azanedieindu@umpivszana 85 aamwawaa) ansiuriludle
BanUssanas 3 ivdosuninhutieerla faldduteutd awnsafiuiigungd 4 ssmualdea
IeunuUseanad 2 dUanv
12 N15LATEUSIBLAUA p-Anisidine
%4 p-Anisidine §1u7u 0.25 N3 azansionsnevdandudu udrusuusumslndu 100

¢ & a

fadans duseiaus p-Anisidine AauutY 0.25 L‘lJE]iL"ZIuGl uflaamnll 4 seewadeaaunin

1 Y
=

QeyNITIATIEN ImanaLﬁ]umuaut,mqmmamwamwnumua gasinsesTiaudluidlionunis
Wasud
13, nswissuvaaatviesanududy 0.05 Tuans (Wiey 5.4)

(A) w@3BuENsazany stock KHPO,3H,0 0.5 Taas Tnede K,HPO,. 3H,0 114.11 ndu Uiy
Vanaslidiu 1 dnseethndu (@an fies Guduussana 9.1)

(8) WwSeuasazane stock KH,PO, 0.5 Tuans Tneds KHPO, 68.05 n3u USudSumsTiiu
1 Basdnetiindy Gl fey SuFulszan 4.2)

aansazans (A) 8 fadansiuansazany (8) 92 fadans uduierliilu 5.4 Asluifgue
%56 (sodium azide) 0.2 N5 USsimseantinnaudy 500 faddns taduroamadviies 0.1
a3 Imaluci'?umaumim‘%au@ﬁa%’uﬁmLﬁ@mqﬂaammﬁwLW@%ﬁaaﬁﬂﬂé"u“Lué’m'\dw 1:1





