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Research Title: Potential of wild plant extracts on stability of oil in water emulsion
at various conditions
Researcher :  Prof. Dr. Varipat Areekul and Miss Pornhathai Putthawan

Faculty : Agro-Industry Department Food Science
ABSTRACT

The total phenolic content and antioxidant activities of 10 Thai plant extracts were
examined. Total phenolic content (TPC) was measured by Folin-Ciocalteau method while 4.
different assays; 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity, Trolox
equivalent antioxidant capacity (TEAC), Ferric-reducing antioxidant power (FRAP), and anti
Thiobarbituric-acid-reactive substance activity (anti-TBARS) were applied to determined their
antioxidant activities. Ten Plant extracts showed large variétioﬁs in TPC and antioxidant
activities. The results showed that Glochidion sphaerogymum extract had the highest of TPC
and TEAC. The extract of Casténopsis inermis exhibited the highest DPPH and FRAP In
addition, there are 3 plant extracts; Camellia sinensis,C. inermis and Ficus auriculata
extracts exhibited the highest in TBARS values. Moreover, DPPH, TEAC and FRAP had the
good correlation coefficient (r) with TPC. - |

Ten plant extracts at 2 different concentrations (200 and 500 ppm) in oil in water
emulsion both 10 and 30 percentage of soybean oil were evaluated for theire anti-rancidity.
potential during storage at 35°C for 35 days. The lipid oxidation was monitored by 4 methods
including peroxide value (PV), thiobarbuturic acid reactive substances (TBARS), anisidine
value (p-AV) and oil stability index (OSl). All samples of both emulsions with 500 ppm
extracts showed better anti-rancidity than those with 200 ppm. Moreover, two plant extracts;
G. sphaerogymum and Cratoxylum formosum extracts in 30% emulsion exhibited the highest
of anti- rancidity whereas G. sphaerogymum and Caraya sphaerica extracts showed the
same activity in 10% emulsion which exhibited lower value or similar TBHQ. Therefore, 4

plants extracts were selected for next experiment.



The effect of various pH (3,- 7) and temperature (25 -45 °C) of those plant extracts on
their potential and stability was evaluated. At pH 3, all plants extracts were unsuccessful
exhibiting anti-rancidity potential in emulsion compared with control while the higher pH
values of emulsion showed a good anti-rancidity closed to TBHQ. Increasing storage
temperatures influenced on accelerating lipid -oxidation and decrelerating plant extract
stability. Results from chemical analyéis including hexanal concentration indicated that the
G. sphaerogymum and C. sphaerica extract added in 10% emulsion éhowed better anti

rancidity potential than those in 30% emulsion.

. Keywords: Plant extracts, total phenolic content, antioxidant activities, oil in water emuision, oxidation
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2.7 UTHURILWARS

YsTudawaes Wuiniunndanfususuaasredlansesanninsulas (Gunstone, 2011)
IFanniranauatamans 1aedsnistiu (pressing) Wdalddannazaainlflfifluindusu
(crude oil) Geflessdsznavudntdun tms- lo-, wazlulu- wedandigeses nanlrdudass
wardealnatla  wenanniaeny asAdsenausas tHun Winaineses Inladsea uas
lalasasuey tlatndufuniunisnal1iLsgns Fatuinunanunglufiaanaindad
aeflsvneusaamaniianas (Wang, 2011) tneludumeunns degumming wsadumeaunisdig
o” o v o” o v v aa dl ~ e G o ar & a v o’/’
Hnsfudnein azin il eiiudantRiiuing ullumusssunsuanesnidfae douluduneu
mMainl%i3qns visa 3T (refining) azuanwannsa lsudaszuaransuileunliazanaluliu
aan uazmFiviifaglatszfianisqoyideimiuadion (I5en, 2548)

Oy o G‘/ =] v ar IQI s P=3 -4 & ] =

Tnsfudamdestszneudeansalasiulidumagais 74-89 wefiaus iy nsalaiada 20-50
wadrug nseiiluada 43-56 wesiaus uasnsnaluiaia 5-11 wafmus dusiu nnsnuniu

= =] o |QI as =1 'y =2 [~ 9 Oy o n’/ A a a %
wdesinsaladulidusiluesdlsenauge Raflumaliidiiuduvdesiaealneandeduuas
naudiulddng @30, 2548) atiglsfinnu nealadulidudadapaawmaniisslunisegunin
Sasanifuiinazany wazdealunisgadudmiuunein BV tiuanssALARALIAINAsES
Tuilaqiiy gramnssuatsienliuniudowmaenudoulszneumdnlundndnsiuneeius

waztinfuadarfindne wazfiilnadsfionlidTutamieslunimeaauisuiniu eeanndl

1
<4 1

AtuAMIIATENNNTaINd T uTiagy uwiiflasannansdeutazainidadananalinsaladu

q U

1iinllausdaiuesdlsznauwsniial fiseeandindul iy adsaaliinandaunnalnily
& o e v o o o - ° o o o o v > , o
13Ty Aamasldiniudanaesdmiudaanmsisatlssarmsn lfuanduninniiniamanainnsi

a1 (819a19, 2546; Utwn, 2548) waziaflunisilessunisilasunlssanndgisen

v a &

o o Oy' o a a o A e a a = = = al
AANTLATUTDINTY HRARRITEUANAIINUAURILATIZY LT mwmam‘lammmiwqw (LLa1N)

U

fofisaalansandaiisaa (Jedwe) waslnshaunaian (Aaaws, 2546)
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2.2 AaN[dU (Emulsions)

Adatuussuunisnszate i saama A1ty 2 alasananndn dldaunsasinitu

Harenti (McClements, 2000) daduanautisaan 2 Usznan (Dickinson, 2003) Aa Biladu

ity (oil in water (OW)) \luszuuddaduindgniasaiiie (continuous phase) uun

v
o

uwazdpniAnszanasia (disperse phase) Wunentniy enmsisiszuuBdadununil laun wn
spaug uazun (Hudu drutlszind 2 Bud afadusiletinluingu (water in oi, W/O) Tag
tiufluigniesadies wasinduignenszaesa  lduddaetverwisdseinm we wazand

N1 151k

Tuiteana1nterzuufiiadunuutnduluingatiu maisddaturtaindulutiie feed

A o a

mabfameﬂwL@mmvmalmwﬂumLLavmuumﬂ“’Lummm Tadusanann laaansasiad iveasi

a v a

Radfrseni admsswiratiuastiiy Falfinesinunszanodaegluinly ansdiladiviess
Eun Iutunaailen iwdmu wazlissiu (s u@nmnumﬁnmmmmﬁwm@m%ﬂu?wz
g9tuanatadldarsiniliiiaanuasdaluauisiausag  lasarsinnliifinaouassaly

anmsasulnaiiduasiwdmeiniedonnidn Tsiiu uasTwausaanles (usiy Iﬂsﬁwﬁmma‘

ﬂmammmmwmwmuumvmmmmn‘Emanmlm‘iﬂmuumuwLummm%fm 47 Faiu

T,mL@Qa‘iﬂmum@:mﬂlmlumﬁum:mmumﬁu lurnuzipgaiullsaufildanimniesiiuanu
=l 4 o = dl e o 1 o ¥ Oi’ [ d‘ < [ 74 a

wianazviraauiAnIsfinEa Tsaniaina1m1 ineadsiueaaunuRanuinas lNaAuad

o a o o = k4 o I < a
AYUBDITTULDNATU Twmwmm‘l?é‘lumm AN mmmmmﬂugﬂLLuu‘ummmmumm@nwmmfom

o

luipanasiaiiies Wheenaliillsiuuaz inaugaanlsfiaufuieinanunsiaeddiady
Tngenavinlfifiaansdedaurasidsmunasinauzanilsdild (Dickinson, 2003)

atnelsfmy Adaduduszunilinada  sdeanansiafidasioatuils danunis
wisuwasmanienm Tagianizmsuanduszwinei futingy Ae283AN A8

iladuludanaiinlauninbu Lﬁm%mﬁuu“mfuﬁq@uﬁ@?:udwﬁqﬁumziuLanmmﬁqﬁLm

9B (Interfacial tension) AN lda N saazaesaNuls LLavumum AR NN LUUTIBEINGN

asliniusesiugiuuianiiesih (McClements, 2000)

N

nsgaydaAnnunsrasdiladuiniiasainifadanienianmildnsaie (Dickinson,

v
o o

2003) Asil nafennsuandurasuiduiuAiuegfiiuLueed 9 (Maa (creaming) UAT N9

mnmvn@mmmummmlu? uuwmmmumuuuu@ﬂnm (sedimentation) mszgcyﬁﬂmmm

fraeediiadui 2 uuy dananafadiesannussiiindas uanannideiinisgay Ranunsiaes

Aadulatn1svany 1915I1999UNNA (coalescence) UAZNITIMNENGNTUTBIAYNIANINTZANE



v
Y

2 (flocculation) T9RI 2 LmuﬁLﬂumsqu?ﬁﬂmmmﬁqLﬁmmnLﬁmm?muma%wmﬁﬂﬁu

(droplet aggregation )

]
[ aai

dy s di = aa F% nﬂl a o o G| =
PYANAINY EYWLNITIRADNLIAHNIUANBNAIE Lu@ﬂ“ﬂﬂ’ﬂ&l@‘ﬂ‘l&ﬂum@ﬂﬂm‘m 1‘]] Tl

¢
o o

L3 o :/I =3 o =i aans L) o v =i o !
asftlsvnay duiudaRansdendaanpireeendinduléde TaanalnidrAnyaainisis
UfFaneendwduludiadulszinninaiulumn (Anangnslls- eandiawd (prooxidants) v
Tany dludiu azsalfiseninfinaendindu ganalifnansszmeniilanasunaidn il
AI = = as 5 d’l a p=1 Adl v a
awvmnaaeanaunuluniaine (Nawar, 1996) yanannilauyadasziteansfifiainnalnnisio
pendwduluadsng  deflunuamlunisinlifialsasiag o anang Hun Tranzide Tsanniniu
fu lsranesda lralafiedniay nisgaruTRIUARALEEN deanatinnteddsavialauazlsaiiio
@'mmaﬁﬁmﬁmﬁ@luéwmwi@ﬁ'\uﬁuvaq (autoimmune) uarigausonlunssuaunsinaRNY

797 (PRUUN, 2551)

2 3 nabnnistAnaandiaduaaslusiunasadiatu (Lipid oxidation in emulsion)

ﬂgn?m@fanenmmﬂuﬂgnsmwumwmmlummsﬂ?”Lﬂ‘wu'mulm"hmu §UDIRUNT
da ¥
fodnunazlaiufluasAdsznay (Aaws, 2546) mimm@@nenmmmmmmﬂuﬂmsm
QI o a < o o G 5
vydreaandauiunsaladurinludusnaasy ransalesiud fuadlsznauinluluianasas
lasniigeSlsdaesladuviaainisfifigaulsznansesladu faliiamisidennmnin
(deterioration) dn“umlu’Lﬂuﬁﬂ@ﬁmmﬁﬁimLL@:@Wﬁ@‘lﬁLﬁmﬁumwiumsﬁinm
fnsFraecjizaneandinduas A Lummnmsmmﬂgn?ﬂwm@um‘am:@mqmmum

(ARLN®N LAY WITTY, 2530) nalnnisfiaaendiaduntiaaaniilu 3 Fumay (Fereidoon and

Udaya 2008) 63l
1) FuGusi (Initiation) \uiumeunisifineyyadass

ﬂﬁﬁ?mﬁmﬁumnmiqmLﬁﬁlaimmu@m@mmnmlmﬁu (RH) mnHiRaTluayya

o

&aRn (alkyl free radical, R+) (aeayyadaARTIALTARINNNTLINTDT LA QUM WI0aATRY

lanz

RH » Re+He

v t
[ % Y

2) duiinanuau (Propagation) Lﬂuﬂﬁﬁ?mmﬂﬁmfawa%m:@ﬂﬁmmﬁm



auyadarzinUfreniueendiau diailluayyameaent (peroxy free radical,

[l o

ROO-) limesn %amqmuf»‘TfJﬁulaimmu@:mmmnmhﬁu%ul,ﬁmLﬂulaimuﬂ@%@@hhﬁ

aunefiRatuazfiseenfaduuazialiifialjiouuuseiies

Re + 0, -+  ROO-
ROO-+RHe —— —»  ROOH+R-

¥
o

3) dugi (Termination) Wulljfeengafinafvinlifinasibiilueyys

1 1
1

Lﬁfaﬁw:ﬂa%mzéqmummm:mﬁﬁﬂﬁﬁ?mﬁ’ummﬁmﬂu@wﬂ@:n@ulum

19 1 a = o dl v o jasa ' dl a v o | 1
TaildeuyaBassuasinINAIFg Feardenalvitfizensiadasfasld faednady

—
Re + Re , R-R
ROQO+ + ROO- —> ROOR + O,
-ROO- +Re —_— ROOR

o

esandatuiiunaninraitlaafueedszney Fihdsazianisndandoliie
aniiraneandiadi Imﬂnalnﬁé’mﬁcy*’ufaanfmém_lﬁﬁ?m@@n%mfulu%ﬁafuﬂa‘:m‘nﬂyﬁﬁu
luthiinduatnidseendoud wu lans Jubu azsajitanniniadtialalnsulefaenlsd
(lipid hydroperoxide) %aﬁqlﬂ@jmﬂﬁm@%a%muﬂa§fafan% (peroxyl radical) ez 6888N
da (alkoxy! radical) @Wa%mxma"]ﬁy%uf‘ammmﬂimLaqmmlﬂuﬁu danaliiiinansssive

d‘d [—3 dl A‘ & a % & =
NHTNLRNATUIALAN Aduanunzasnfutuluadniug (Nawar,  1996) Tasnalnnisiie

v
o o o )

aandLaturasdiatuilael (Mcclement and Decker, 2000

F&&" +ROOH ——*  ROO'+H’

Fe> +ROOH ——>  Fe”'+RO' +OH"
ROO' + LH —— » ROOH+L

RO' + LH — —» ROH+L

L' +0, —» LOO

LOO' + LH — » LOOH+L

LOO' + LY — non-radical product

191 mﬂﬁumsﬁmﬂﬁﬁ?m@@n%Lﬂﬁﬁ’uﬁafmqimfmmﬂ@uga%mmmﬂunalnﬁ
| dndryuasilisrananingslunissunowideresiunisiineyysdassluljiisen propagation

1 % 1 ]
FefluduneuGusiurenliFeneandindulueimas (Halliwell, 1990) FIANUAINIPDIRIANT



| éhuﬂﬂngﬁwﬁﬁﬂumffﬁ'wm'mw;a%m::'tfu wanwina mlazaaiianiaailide dadwituiads
| ﬂ’mu@n%"uq VU ATUNUL (physical  location) 'a&umﬁ?ﬂfmvuma?ﬂ?zn@u%uq LAY
annuAReN 1Y AR uaY e 1Hubiu (Sasaki et al., 2009) mmmqt@j antioxidant
polar paradox hypothesis nmfﬂ,fmWﬂﬁwawﬁmwmmma‘mu@@nenmmvwﬂﬂnqumn?su
nMsullag@au (partiion  behavior)  luaiusg Tagansftuaandiaduilse AN T Ta1E
(hydrophilic antioxidant) azfllszAN3n1Ina lutnsusnnndinsidansfinueendiadulssian
flarautingy (ipophilic  antioxidant) ’%qﬂ?zﬁw%nqwm”qndﬂqLﬂum@w'qaLfimmnm?ﬁw
aandiadullsinea ﬁ.’ulué’mLmiiq“?il,ﬁmﬂﬁﬁ?‘m@@n%Lm‘*ﬁ’uaqﬂmﬁumuﬁ IRREIRIN nanalu
sruudsiadulaanda (Frankel, 1996)

f1la fuaannmluin wuaﬂlnmma‘f{’qiﬂ 1w Ad gy dniTua®s unHedua 198
AR LazauNauriiasine Husiu (McClements, 2005) Tmﬂud’mmu"nmimuumn@uﬂnﬂm
TudaurasnALANAA4 T @mmn'h?fa@nenmu"n@\ﬂwu@%nmmu@mammmlu@umuﬂrmwu
Lﬂmmnummﬁy’\ﬁummmLﬁn@:ﬁﬁuﬁaamnnd’]LL@zm‘:@'mGT'J@QJ'"Luﬁ'm:Jma‘M?ﬂ@nmmu‘w
(water soluble prooxidant) Tmﬂﬁﬂ@fﬁ’ﬂﬁLé\imﬂﬁmﬂf]ﬁ?m‘a@n%m‘*ﬁ’wmﬂﬂfa'a‘i’ﬂ 1Hwn THauay
asflsznaunsa iy fias arsdeaiin anauacandudiuraaisfinueandindunazaisilse

anduans Anuiindugasaandiau unaeandiau guinnil uas wazAnsuzaaven iy

1flufiss (McClements and Decker, 2000; Waraho et al., 2011)

24 ﬂ’]ﬁ’JLﬂ‘J’]%ﬁﬂ"l‘iLﬂ@ﬂuLLﬂﬂﬂ Qmmwmuu

nsiaseinnslAeuuLaanminwinsiulandn Aoy iaN17UsrIHUAININIE8IUT
Uspinvlasiwierindiu Inedinsdinsedsing umsinse antlsznasifniuludunen

[ o’

a o o o aa Qaldl dl o a < d"
nnsAseandaduresiasii 38n1runasniungeniuniTnme 1
a ¢ s ¢ ¢ .
2 4.1 MsApszialaiaantdn (peroxide value, PV)

ﬂ"]Lﬂ@§@@nisnﬁLﬂuma‘d”m:ﬁum?Lﬁman%Lmﬁummhﬁu ThenNsaLAT ST
vmLﬂm'afarﬂfnG‘\'“Lumuwmiwummﬂgn?mnm@nﬁnLfam F@andnnnaiiin oxidative ran01d|ty
ﬁNLﬂum?Lnm@'anﬂnmuﬂnmm‘wmLmuawuﬁvmmn?mlmuuiu@umq (TN, 2548) ﬂgnsmu
wlutuBusuaesnisfineandindu Farhy mLﬂ@?@@ﬂlmm:mmu@ummmmmu,mm@mmm
Lﬁ@ﬁﬁ@,ﬂﬁﬁ?‘mﬁuﬂmm (Pegg, 2001) m?ma‘qmmmmm@@nhmmnmlu U iensewing

unadelatelafluasazanensasueandiau iFuimuleeanlas dndlulelefuday
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[

LasniBunndleledudas=iinaiu faanislnmsntuarazarelnfaninte dauea tneldun
Glafludusiawmed Avlefeanlanildazdruwinaiiu Sadnfuauysidefeanladsailaniu

Fiaating (milliequivalents/kg of sample) (W38N, 2548)
ROOH (peroxide) + KI ~ ——5  KOH +ROH +,

l, +2Na,S,0,+ starch ——  Na,S,0,+2Nal

aa o aa A ' ~ y o o

319t iuiinnsiidne udnaainnimageueIaliananali wasannluaniozii

uas nenlaTudusaenagaduleleduliifuminiusss wazlalefuenasireduainnisiio
o s a oa nﬂ‘d a nﬂl a v dyd 03 v nd‘n: %
pantinduansleloandeeuluanioziflaandiauiiunniiuwe Kagwnfasinlidaiaiamz Al

'ﬂ’]@@:ﬁ’aﬂnd’lﬁﬂm’lnﬂdﬁmmL‘ﬂwﬁ\‘i (Laguerre et al., 2007)
2.4.2 N15ILASIZIAN thiobarbituric acid reactive substance (TBARS)

Add’la nd‘a o o =Y o <4 0” o d‘l =
Qﬁutﬂuwuwmmum?ﬂ?:muﬂmmwmm'mm:‘ﬂ?zmmimuum@ummman
aas :/I dl o o o’ d' a d‘y o‘/’ d" v . | L |
UjFendunassrasniniionandindu Taeanssenaufiinduludunawudl 1ALn 686 ba6 AL
lalasmniuay Lazuaaneaed n1rnmagauninasuutladiiaduludunauinilélas n1sin

astsznavdruniiinainnisinlisengesnasudaslas (malonaldehyde, MDA) Aunsaln

U

o

Taunsdyan (thiobarbituric acid) ANENIARY 530-532 W TULuAS

o G ada 'y N Sy o o &
Fannstifhidaiing azean ualifedldirresianauns usiiifiednin fa nsa ln
v v
Teunfisen sinufizenliiennzianzasiusnaeudailadiviniy usllasuaetiin luuina

3 aam o ca a % ! ¥ a dldal a dl dl
aunsonnlHendunsalnleunidyzn udaneliiiaanslsznauniaTuyngaAaULAINALIM

gaaauillaauiy (Tan, 2550)

2.4.3 NSNAKAUAILIS p-anisidine (p-Av)

v
a b %

waeseanlad (peroxide) \lundninusdulbufurenljizareentindu avaanusn

L. .3

SR ansuTduRaasliun 6anlan (aldehydes) Alaw (ketones) LATWBANBEAA (alcohols)

1%
o o &

Sy Sesailad Huasszneufidndyussiinasaninfounlasnfusagesingi Ay S

[ |

o ad = a 1 3 C . o aae o o o a
ﬂ’]?WﬁNu’]Qﬁﬂ’Tj‘QLﬂ?’)xﬂ@’]?ﬂ?:ﬂ’ﬂﬂﬂ@mﬁﬁﬂ@’m [GHIG p- anisidine V]’TL]QH?EHHU AANI-DAR

[ Y-

lag uaziudn-aanlas dafluansdssneunanaes 2-8aAu1a (2-alkenals) tiafluanssznay
a v = <4 oo d’l o d’l dld aa a v o 1
\Fafeudivans lnailfidenfiazifiniuluaniachiiingnesdsin uazarsiszneauiteiaunIngns

ANuNTSRAINTAANAUIAST 350 unTuwmas nsiindiuresansngudas lad uaned Faneg

vnsfuilmnnloenasfauUfiraneandiadu (White, 1995) unniveseufaeisnisiazaiunim
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i
% o as

Asaagauaislscnausan lantnualidusia (unsaturate aldehydes) TaandnginBusia (saturated

aldehydes) (Shahidi Waz Zhong, 2005) Aeu awinldaatnsadnuanineg ludunaunisia
Srurwresfizeneandiadululaiy saudunisindefeanlas (PV) (Aroma uas Cuppet,

2001)
2.4.4 P1TIATIZRAINAIAIUBIUINY (Oil stability index (OSI))

Add‘l < v } nﬁl . -d} aa dyG
F5uaN1709Aszi i lnaldiATaq Rancimat  @9aEn1sHidunisATIadel

' L !
[ % o '

astsenavszwe Taan1sldaanutaunazennianialfaninsininuaiusae 1ty 39az

AaliAnansdsznauszineMiundninmdungesrasniniineandndu Tedouluaiillunse

a o

auviddanoduliun neavailiauaznsaaz@iin ansszmeiantazgndeiullluduazaiuism

o o a

FpdnsnsiAnanssziveldannislfeunlaasainisin Wiy Insqaguagn (induction time)
[~1 Aﬂl ' o ¥ AI d‘ ' < ' 1 o Oy L4
Hluqefidnisdn Wi Builasuulasenamnds uazuansrlugilans ArAanuawsareeail

(OSI) (Wan,1995; Shahidi waz Wanasundara,2008)

2.5 IQAURY

o e A [~ [ % <4 a dl g ¢ ooas d’
ABNUNY L‘Lhé’)[5]QL@@ﬂu@qﬂ’]?’ﬁuﬂﬁu\i'ﬂlfﬁﬂu’l’]ﬂ’]\iLLW?ﬂ@qﬂluQﬂﬂ'}ﬁﬂﬁ‘ﬁ‘N@’]ﬂ’lﬁ‘ Na

o & o

v [.% nﬁ‘ as al‘ a ooy a s o
Ylasiunisiasunlasaaddasiulueuisiiinanndiseneandiadu laadngiuiuazni

q

[
=y e

UiMeniueyyadassifindu dwaldivgaditeiiaduuuugnid (Aaaws, 2546) AnANLF

ar o A pRp < g o [ < Y oa 1 =l !
gasinguuiuiaiu avsliluBuiuan ldidufiwdefiitng Wazain azanelin Aanusie
an1aznisuilest safslinaliadnwauzdulidssnunlundadoeiiu  (aanansdniede

Inenanansuaznalulatiniseiwns, 2546) dgriunuauisautseaniiy

2.5.1 YngAuAiuntismunalnnisyiuian lun

o

2.5.1.1 dagAuiiudgunil (Primary antioxidant)

u

ar @ a

Fagiuiulgugdl inniiiniaedizegnidaesnisiiseandiadu e
ssntAnseiiresiuianamaiannsadusafnbesainaseyyadass asTrasuazaaiiu
nsdAneentiaduluduiusiu (nitation) Wadlusadasaremaiseendinduluduiindiuy

e agiuiiusunsl (AH) Hrdffeniulatuiezeuyaefeand (RO0) Walluluianaiill
o o o d’l

AouAsa dagruituianiianisalitlalassuernensvayyareslaiuwazayiuiiinagu

uanantuiRgiudiudianunsongmifiseneandiadu Taaduiveyyadanent (RO) sizequiu
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1
o o & ol

auyarevingiui inalunndusindanuaia uarliuansaniRidueyyadasyansaly

q

(Wanasundaral W&z Shahidi, 2005) faguaungsia Ul

ROO' + AH —_— ROOH+A'
R' +AH - RH+A'

ROO" + A’ —_— ROOA

RO' +AH B ROH + A
RO'+A' —_— > ROA
A+A ——— AA
Tngiuiulundail Wiud lulwitewilansendues Teingiuiiuilgunfinldl

=

wanAnuremsdauluginiuansduassid ud Dofiawnlansendingsu (Jint

a9
b a a
) LAZUINGA

2
as

wnlaasandalites (Hiatie) wananni fanudneaflssnaUTIade MIT AL S9SN TS 190 TnlaT

= & 1% =i o & a
saa uwazwalsiiuaed Wiy TaudFidudngiuiiulgugd

2.5.1.2 dagiununfenii (Secondary antioxidant)

=

uiueyyaveslansidantmdulls-eandunuviviraifludali

lalasiufindmgiudiulgugil wenannideiuiiiaaelalnsulefeenlaflilfAnueyya

q a9 A

a A

Rrgil sinwihisadnsnisifiaeendinduusiiing lnfiusnsnsanndng
o A o
nuiulsugll Ae aziau Y

a & o v a [~1 o o = o a A a dyy ] = nrv | -_'4'
@ﬂﬁ‘t‘lﬂ?@‘ﬂ’iﬂu’lﬂL‘IJUEI’J"‘I‘IJ’E]@HTL"‘IU f;mqnuuuﬂnumuumumammnmuqmnuuu lWagan

(%

1 dyo ¥ Aﬂl ] = Qr k2 4 as a A a ] d‘,
m?mmuwwu'mmLmuqwﬁma‘mumwum@mmqnwuﬂﬁunu 108191894191 510N 1

48

1Aun neadsism neALadAestA NTALERABSTAUNSUTIASY LaTTv wazan st 1A NAIAILNY

1iln 1y wruunuin fubiu (Reische wazAme |, 2007)

2.5.2. N URAURWATIEN

o e A ¢ -1 d‘ % a‘d” o b 4 dl A‘ . as o
agnuiudunssd uansndunsed Tunszgninunideiinranuaeiaeslasiu
09/ o a as o Ad Oy (v | 1 [ ar & 6 1 1 1
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alnssuazianNITAaag

3.1 QAU
3.1.1 A2RLNINT

o ] <4 d" 174 dl a 9 0 a’/’ o ] 9 as 1 o
m@mawmwumuwuﬂnﬂlmmmu‘wwm 10 RAREIN 1@3ummmmmwm 2

LAY A8 ADNTHNHATNANENTN 81LNRENT Fauiadelun 411U 8 AR08 WAZAIN A1LNe

1
or & o

fEaunio 4anTaalass 41uiU 2 Aaetd sETaRTVINNABENANANA LTI N ANEAT A

A3 3.1

d s ' =1 dl 9
A151991 3.1 soatangn 1 lunsnasd

o as a a ' - |
A Fadnenaans Fanasiu Aould LHRAINHN

1 Camellia sinensis (L.) Kuntze var. (et Tu ANTLNHATURIANITIN

assamica (J.Masters) Kitam.

2 Caraya sphaerica Roxb. ~ ne=lau u ¢lass

3 Casternopsis inermid (Lind. Ex Wall) nefinn Tu A TNBATWAIANIUY

Benth. & Hook f

4 Cratoxylum formosum (JACK) Dyer spp. 2119 Ty glass

5 Eleutherococus trifoliatum (L) S.Y. Hu wnuyu abuuaz Ty A TnEATVAINE NN
6  Ficus auriculata Lour WAaA u ADNTNHRIFUAINENTN
7 Glochidion sphaerogymum (MULL.Arg) Kur  dan Ty ADTUNEFATUAINE N
8  Persicaria odorata (Lour.) Soja’k £ afuuas Iy AoThinERIVAIIENINN
9 Schima wallichii (D.C.) Korth 1R Tu AN TNBFINAINE NI

10 Vaccinium sprengelii &l lu ADTUNEATUANET
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3.1.2 AIRENSUINUNT

Sl o U FU :
Tnfudamaes (szyfeann  liandagiui) @vein, aywslsinig)

3.1.3 #19LAN

- ATAUNAAN (Fluka, Ussnaieasi)

- ﬂmlmﬁuaiuméﬂ (Sigma, UsunAauigawiing)

- nealmsmaalrazd@An (Merck, UszinAilaasdu)

- nsainlaundysn (Sigma, tszinAanigalisni)

- NIARTARAN (Lab Scan, UszimAanigaiizni)
- nenlalasmassn: (Lab Scan, UszmAanigaiini)
- laRenAniuaIun (Carbo, UszinABA1A)
elnunaidauneammanmnszlamm ((Merck, Uszimaiasiu)

- mwmaidaulnlalnsiauneais (Merck, Uszinpiansdu)

- LANTUA (84AN19477, Uszwmalne)

- 2,2-diphenyl-1-picryhydrazy! radical (DPPH) (Sigma, UszimAanigalini)
-2,4,6-tripyridyl-s-triazine (TPTZ) (Sigma, UszinAanigeisizn)

- 2,2.4-trimethylpentane (isooctane) (Lab Scan, UszwAanigalisni)
- B-hydroxy-2,5,7,8-tetramethylchroman-2- . (Sigma, tszinAanigewiani)

carboxylic acid (Trolox)

- Anisidehyde (Sigma, tszinAanigelsiini)

-Folin-Ciocalteau reagent (Carbo, UszmABmAA)

-Tween 80 (Merck, Uszinaiassiig)

- Lecithin (MP Biomedicals, USA)

-Xanthan gum (NutritionSC, Uszinalne)
3.2 alnsainldlunsiiasz

_\#irada 4 ﬁ%mﬁq (Sartoius TE 214, Useinelaaseiu)

_ baeda 2 Aumid (Mettler Toledo PE 3000, Uszina @imiaasuals)

- flauansau (Memmert UFB 400, tszmAiaasiiuil)

- ﬁﬁdi’]ﬂ’)ﬁﬂuﬂmﬁqﬁ (Memmert WB 29, szinaiassiull)

4 & A . A
- LATRILININAEI (Beckman coulter; UszinAanigawsni)
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- palathle (Cppendrof, 1lszmAlnasaiudl)
- 96 well plates (Sero-Wel, Bibby Sterilin, Uszinaeann)
- Microplate Reader (Multimode Detector DTX 880, Beckman coulter,

Uszimaanigeiisni)
- Spectrophotometer Bec Thai

- Vortex mixer (Vortex genic 2 G-560 E, szinAaunigaisiin)

3.3 ANITVNAADY

3.3.1 N1SLATEINAIRENS

3.3.1.1 NISLATENAIRENINT

¥

faatnafiranazgninuifnsdaniinsesdiuan 2 sau aanlutinfeu ufals

b2

o 1 dl 1 9 [~3 °9l % 1% 3, 9 dl =Y =1 = =1 = 0‘
fetialuisu gz euuefoaiavasiauiguunil 50 B9ATALTEA AUNTHAINTUAN
] T I'd 3 o =1 . [ ] )
N1 10 wWesdus antiuin liuaiilueg LA9auEINAZINNTUIA 60 LT (mesh)
332 mEednE 13N INATUAANINNA LAZANNAINITNUBIRITANAAINNT LY

3 L o/ a o4 [
ﬂﬁ‘a‘ﬂ@ﬂ'\ﬂﬂgﬂﬁﬂ'\ﬂﬂ NBLATUARTENITANY 9

3321 NISLATENENTANANT AALIAIRINTTBS Phnomkavon and Areekul (2009)
Fasaatnnait nanfueniuea (Aanudindu 8o e fiaus)nifiaouieu 50

S o 1 dl a v alz :/I o %
avradsa ludnsndou 1:5 we1gmuugidieaunu 8 falue aantuninisnsas AeENIzANY

Whatman a5 4 ) uazadadnan 1 A% ludnsdau 1:3 anntdumansaiaigsonii S RYCHE LN

i
= =

neldigryunnnAngmgd 40 evralTeg

L % v
Y

SnansatarmduiunidiAs BN reuieiannn IaaniraiAssiaNT I
AOAC (2000) Taeifasinasineie 1-2 nfu ldlungusmaoudunnsutiwinuuay T ldaulu

feuiigounndl 105 asAnaaidaa uin5-6 dalus theenandeuldlilulagaacy Yaendisls

a

aunseisgnuuaire s uzanaaiTugunniifiesudafaiminaauswiensiaatine audn au

] U

L7 [ I 4 v
o o [

17 v
18 nasineaennunnigevaanaiaansatdliifu 1-3 Hafniu AuwrunitRuiuAuduall

1BUAIAINTY (%) = (uinaee19ENFW- I MINAR8EN9LE) x 100

%

UNWInFABENaITNEIU

anutAANTuRlE Awrnnliineesudsisuuaanngms
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1Bunnuredudeiannn(g/100g) =100 - 3uNuANTEY (%)

lil o k% % o A ¥ % % o = ¥

deAuiuaudiniuresansaninindndundo in1Reanssan laniues 95
wesauslitianudindugadinewinfu 400 fiadnfuseladans ussqansainindnduadluain

d11 udrdsrhlAufneneuugll -18 asnira@aa aundnasinisiamzid

< a g 8 .
3.3.2.2 dsnruAuaannInuaAm9e96 Folin- Ciocalteu reagent method B9

Singleton WazAndE (1999)

fhansanafetiaunideansdiatingy Tulpansainiiuams 250 lulasans ag
lungululaswan anufisifienmus Folin Ciocatteu 12.5 lulasms fafiald 5 uril wdsann
duBnasszatslnfanaFuewn (Na,co,) 10 wesidud 50 lulasdas seiield 10 waiilud
fia i lUdadnnsganauuasfinauenaniu 760 wnluwwms laessasduljiequululnag
WWan (microtiter plate reader)

o 1 =} ar ' © =] = o’/’ v

WANsaANAuLATasaIsasaeatina AT e nYiauue g

NTINLN mﬂ’mmmﬂmunaan

3.3.2.3 DPPH free radical scavenging assay TaennsANaINITaluNINaNe

auyaBasz DPPH ANRENAALLSIMN97N Brand ~William et al. (1995)

Tnlnansaimfzunms 70 lulasRmsaslungululasman udanaisazane DPPH
(anuiindiu 0.2 AadTuanflueniuea 95 wasidus) 210 lulasams sefialiluniisunan 30
wit i lddnAnisganAuugsfiaaneanan 517 wnluwns tnaiasesanuljmseuululas

AN WIAINNIHANRUILANTR89ARRR9RE 19 lUAINIMMA % Inhibition AsannNg

% Inhibition = (1-A /A

control

) x 100

sample

Tae %inhibition  WaNaNe ANANNT UL aNTsinuayyaRasY
A WD ANNNIAANAULEITRIANIATARIRENN

sample

A wNElle ANNNTAANRUIAITIBIANTAZANEY DPPH

control

U1AINNIANAULATIRIANTazAIEAaad e TUATuIInIAYINaINnTa U

naneayyagass DPPH Tneldnmwuimsgiuvesansazans Trolox

3.3.2.4 Trolox equivalent antioxidant capacity (TEAC) Tagdamrnuatunsnlunig

MAEaYYADBATE ABTS 51335184 Zhou and Yu (2004)
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Snansafnsetndeandetiingu Dulrsnsatnifuins 30 lulasansadly
warlulasinan udaiFinansazats ABTS (Anuiindiu 5 Hadluand) 300 lulnsams Aameldly
6 w7 ﬁﬂlﬂf‘fﬂﬁhmiqmn%uumﬁmm'mrm?iu 734 wlumms TneAesaulfiTunuululas
WAy

UNAINIAANAULAITBIANIRZAIUFIDE 1 TArusamnauansalun1mnans

ayyadasz ABTS Tnalfinsmunmnsgiuaedansazant Trolox

3.3.2.5 Ferric reducing / antioxidant power (FRAP) Taasamauannsalunisaaad

¥
o

FaNA AINIE 184 Benzie and Strain (1999)

fnansanasaetnandeansdaatiingu tidnansainliuaas 10 lulasansacly
waxlalasinan uiaFnarsazany FRAP 300 lulas@ms sisiialdlu 8 Wi lildnAnas
oA d 4 lam
AANRUUAITIANNENIARY 593 W1 TWNAS TnenArasanulisuruululasinay
al e g

WIAINNTAANAURAITBIANTAZANEFIDE TdArurnimnaauanisalunisand

vasue taeldnswunnsguessazaiy Trolox

3.3.2.6 Thiobarbutyric acid reactive substances (TBARS) Imﬁmmmmmmlu

neEnuasndieduaedlaii mudsneaauLlauiain McDonald and Hultin (1987)

Sransanasaat1NAeadaatiingy tulransanatiuins 0.2 HadanTaaly

HaRANARAY udFnATatureensalaiualuadn 1 wWesidus sunas 0.8 Naaans nanltdn

v L %
as

i mﬁy\ﬂﬁuéwmuquqmmﬁﬁ 50 asmraidaa Whunan 18 dalue anifuAnansazang
TCA-TBA-HCI 2 HsdAms Suauiden ifhuaan 15 il falidn whadstlulransazany 300
Tulasans aelungululasiwan fhansazane Rl lUsaAnIgAnAuLATiAINE AR 532 W1
Tums TnentessuilfRenunlalasnan

vhAnsganduLatesansaraneadne llAuanlefifudaiuanansaly

nN9RaNTLATY (antioxidant activity, AOA) HaeiaunIs

% AOA = (1- A ! Acgme) X 100

sample

e A UAT A, MNEle ANNNTRANRULAIIRIANTANARIDEN WAL Blank

sample control

g % A0A lUsurnimnavuatnsatlunisiinueendiaduseslusiy

Tnel¥nsvtumsgrusesansazans Trolox
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3.3.3 MgAnENAARINT IEAITaNANAT I unTRamulhzenaantintutas
Aatudszinmingdyluin
3.3.3.1 nsiRsENmAasBlaTy
s L AatndTatulssnningiuluin (oil in water emulsion) AaLUAI87N
32994 Di Mattia et al, (2009) Tatdsiaduiisilefiumindiumindy 10 fninsetiuang wre
e l¥insudamdasuasinines (Ried 5.4) ludhsdan 19 doudatuniiulefifusiingy
Wil 30 thuinsieiunas lusnsdoy 3.7 mﬁﬂ@:nﬂuéuq 7 &4l Tween 80 (1 wlefimus)

o

AF7 (0.3 wafirus) wauwnuiu (0.5 wediaus) uwaz Sodium azide 0.02 iafigus d1uiu
=] = ~a ar o [~1 o d’l
SBAZIDE ANITIATE NDN AT IR
Tudunaunissranddaduriaunduluinmsaniae wisdounaneanily 3 d49u
o dy
D
- goun 1 duasazananrunnuduluivines  dua
wnuinluiines wdonquliiazanafosiAseaniunas (Magnetic stirrer)  annidu fefials 2
olz d‘ ~ Y
dqlae Ngaunniivias
] dl [=1 =1 or <4 o‘l s 1 0” ar
doun 2 luniswsiseugnsanan gy Ieeutanngy
= 1 :fl % S d. o= = v _ ar <
#reanun aeddouluaindan aniuliinnnufeunguuunil 40 a9ATAEHS WARNATaTANT

ANENdiy 200 Y9 500 WRLEN nounanTlunatuil 30 Wi Waldansadandnszanasalu

131574RENIRNNAND WATILIVELAANDTAR IUANTAN ANTREN

- dauf 3 Flunnsnanaed 1wEn tween 80 W1 WAZUNNY

] Ad! 1 d‘ <4 1% dl . ’ . v v o
W MUNAIMUAINATNAIUNLUAD NIUHANAEILATAINAUNAN (Magnetic stirrer) Widinriu

:’1 L] ] :’/ ] -1 & = v a e o
aniutngunaunIgngdaunnlidinmnadaunn 2 ans wiqlaludlud 9

< ] =l P % 4 [~ d‘l a o <
AAMHLTITAL 11,000 TALAAUIN WU 15 U @z‘lm‘ummmmmﬂum@mmnu NITLATEHA

|
o o o o 1 a < -4

a o = :: a aa d‘ a aa o

AHATUY ATLATHUATNAE 1,000 HAARAFAT KA IUTUAIDLNNANNLLATA? 100 WHLAN 1
1 a o o t dl a ar 4 s ] | o ] a o o ‘ﬂl =) o aa

PIULAEIINURAIBEINNLANAITANANT ﬁquﬁlﬂ’ﬂﬂ%‘lﬂ’l‘i_lﬂllLﬂu&]’)’ﬂﬂ’]ﬁ@&l@‘ﬂuﬂtﬁl?ﬂﬂﬂ’)f;l'lﬁ
] = o ] 1 a [ |

eiwAeaiuue liFnasiunles

A

3.3.32 waras@Isdnnanngsasuilnseeandinduludiagu

NITNARBIRINIUALNIIN AR Factorial in completely randomize design
pennuuatlasendnepe aRsuesdadullszinniinduluinaanudingy 2 seéu (10 waz 30

wefidus) acnudinduaesiia 2 seal (200 e 500 AWEN) wazansananTg 10 1iin
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Tneutlsdinacediladunsiaziaadnaussqldranuia :anaz 100 nfu udoinly

a

Fulugaauaugnmgi 35 asrnaaidea innnsgusaetne Bdaduynddansd unan 35 du ly

U

v

Aiaszinnaaiinudie 3.352 743.355 lnaufauiaunanisiiassiiusmatnaaauau (l

a o AN (% ] ¢ﬁ| a =l o ada o
PNRAITANANT) AT AR NNLANNLLATAY 100 WALBH

o

a -4 aa ¥ Aﬂl [ A =1 d‘ % as :/’
PHANTNARBINIIATIZANANH LWl 3.3.6 Wwanndannanlinalunisdue

'
o oo nﬂl

nsfuludiatuna watn i lun1smasesdadald

3.34 Anwaavrediiaguasauuginanisaaniuiljnsenaandinduaas

AvaturasEsanARERAALRan

miwm@mﬁwmqLmumimafmwu Factorial in completely randomize design
A musiladufidnmae Rofidaden 2 18n 1inresdadullszinninilusinfiaoudiniy
2 s¥AU s¥AU (10 waz 30 efidus) et 3 526U (3, 5 uaT 7) UAT gruuniissud1anisiiy
$n11 3 9TAU (25, 35 UWAT 45 IALIAITHR)

° wdd‘wd ) dawvd’n wdc‘lwzﬂ
UNAITANANANAALABNANNUR 3.3.3.2 HURATHNDHATUNLANANTANANTNAALADN

]
oo

anlude 33.3.1 laelfarsazaratiiieini fegsne mmmum?mamﬁmal?’i WRZT
iumgaiulusaat 19AIUANLAT AR RAsFeTAa 100 ARMEN aniu utedaetaldlu
g9aufia 29aaz 100 nin drldiulElugaouangauugfinuununisnaaesdinasiy
4uA99LN1NITLTIIAIFANT AINAIINIMNIZANTDILART AN N S119U BENY
4 :/’ o = = o
finr 7 A% lanasdassiniaeiiludie 3.35.2- 3357 lnaufFauinaunanisnaaesiy

|4v<vd

ﬂQ’r]El’Nﬂ']‘UﬂNlﬂLLﬂ UR ﬂlﬁJl@LﬁlNﬂﬁﬁ‘ﬂﬂfﬂQ’iﬂW‘ﬁ bR ﬁl']’ﬂiﬂx‘l‘/lLElN ‘Vl‘].lL’r]‘IIﬂ’J 100 ARLEw

3.3.5 NISALATIZENIBAN

< s 3’ s Q - L4
3.3.5.1 NM9LATENARLNNUINURINSUNITIATIZH
ABENIRNATUAY gnﬁﬁmumﬁqﬁfammﬁ 18 A galdaad 1flugan 24
Fatus ANy Thansaialfe GIIVIEER RaTanEsT LU Aty udvastindetdluTuwies 7
ANHITITAL 9,000 FaUFAEUIT (Tluan 20 w1 LLmTJLﬂmmnﬁwmmmﬁu@@nmnﬁqummﬁ'}
o ar 1 oy o .s' < o ] al :/’ o o 1 Oy o t=ll 9| &
WrmattstduAnenaanya Huluraafateden antuinsqatnetidunlglifessiluie
3.35.2,3354 1ar3.3.55
3.3.5.2 Ysuaulasaanldn (Peroxide Value) 19895189 AOCS- Method Cd

8-53 (1997a)
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defretinanngiu 5:0.05 niu adluraaglanyaunn 250 Aadans uRaiRssLe

'
a =

WRUANTARZTANAUARDIINATH 30 HARAAT WL 1 WM ULAZIANTUINAY 30 NAAAMT LEIAY

v =l v %4 I's al/ = = =] = =Y O‘I
nsadasaisaratslapaulsledainm 0.1 Tuanf aunseiadmasaiavatavield f9fnin
wiladndu 1 wefirus 0.5 Haans nanlidnfu azlfaisezaauduntu wdsaslningase

aunszialéasazaielaliiiauiAnlinnAuanmiifFunns Peroxide value (PV) An4unng
PV=[SxMx1001/g

S = Funnmesasansazas linennledann (Rafans)
M = aonudinfuresansazanelmpaninladama (Tuand)
g = WwinAaeeng (nFu)
3.3.5.3 Thiobarbituric-acid-reactive substance activity (TBARS) ANNATUR

Mcdonal and Hultin (1987)

v
o © a aa

tidmsaatineddadu U5u1ms 0.1 Jadans AUl 0.9 NAAART WAZLAN TBAR
reagent 2.0 NaRAR? ( 15% w/v trichloroacetic acid Waz 0.375% w/v thiobarbituric acid in 0.25
M HOL lumaaanaaes aaniluirlfilugrai-seuiung 15 17 ﬁziﬁ@u%mmﬁﬁ@uﬂu
198 10 Wit saunthlwide daerseaumiasnznoy (centrifuge) ARANGY (5500 sausa
unfl) oko15 Wil tirdanlaludadnisgeanaunasd 532 wiluimas Inel4e s TBA iy
adA  AUdndue99 TBARS §mann standard curve Vim?‘ﬂu@’m 1,1,3,3-tetraethoxypropa
F98EN9ALIAN

3.3.5.4 p-anisidine value (p-Av) 1135184 AOCS 1997 Method Cd 18-90
(1997¢)

Fasaaeiaringy 0.5-4.0£0.001 nu Turalfuriuinsauin 25 UNAAAST
uazLfuBumsdog iso-octane thlidaAnnsganduuas 7l 350 untuimms Tnelélelreenm
Wuwuaea @x‘l@im’qn'1a‘qﬂn'ﬁuummmmmmwﬁwﬁﬁu (AD) anifu T pgnsazanadnagiu 5
findans avlunaend 1 uaztlinleleanmuatlunaend 2 Buaisazans p-anisidine a4 11LG
ATMREANARET e uazi U uRT Auaan 10 wifl WAAAIIRANNNFANRUULAS 7 350 wilulums
Tnel¥ansazantlunanndi 2 L‘ﬂuLL‘U@\‘iﬁ@Z‘lﬁﬂl’m’]?@G]ﬂauLL@\ﬂJ@\‘i’&’]ﬁ‘@z@’]ﬁlﬁw’]ﬁ/‘uﬁ“fl’]ﬂﬁﬁ?‘ﬂ’]
AUATAZANY p-anisidine (ua@mﬁ 1) (As)

T lENNA ML RN anisidine value (p-AV) annauniesialliy

P-AV = [ 25x(1.2As-Ab) ] /' m
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v -
As = ﬂ'ﬂma‘qmnﬁumwmma‘azmﬂmuwmmnmmmﬂgna‘mnu p-
anisidine reagent
v
Ab = AINITAANRUUAITAIANTATANNI

m = UIMUNA9E19 (NFH)

3355 MInARALANNAIRITasiIUGIEAE Rancimat AMaTE189 AOCS
1997 Method 12b-92 (1997b)
Fafraeinatingu 320,001 nu lunaseunanuasdadaniases Rancimat
amf;:ﬁaﬁvqmmﬁ 120 B9ATAITEE P95 IMaa391nA 20 BRs Aadalue TeEaUANA9Y

AsFIFaN1gINAaaNgLAdY (oil stability index; OSI) tlwa Induction time (IT) Hudaeniludalug

3.356 Arlvnand (Totox value)

[

[=3 o o o t aca 1 e d‘ = a a
Hiunsdampnuduwusrasresighunazanilefeanlas Teldsz@nsnn
TunsinwiegtuuunistasuudasresinduludisBuiiuiazdosgavinevasnindenidaann

Ujfreneandindi (Blumenthal, 1991; Miyagi uarAnsz, 2003) AIFNNNS
Totox value = PV+2 AV

3.3.5.7 #195418 Hexanal H9875 Gas chromatography
FIA22e14980aTU 5 N3N tunandunaelamauAaales 5 nfu udiann

A1992Mf8AT Solid Phase MicroExtraction (SPME) laeliflWiuefaiia DVB/CAR/PDMS

1
ada

(Divinylbenzene/Carboxen/ Polydimethylsiloxane) nuAMNUUWY 50/30 [FQCEEE 5’3&11‘1'15‘@‘@61‘1'11
asszmenFnndesdraviiamaetnaiiunan 30 wnit fenmnd 40 esAades whidail
wesdnanssziafigaduliiingirteuialasuninnsfunaailalasiuant (Gas
Chromatography — Mass Spectrometry (Agilent 7890A)

L
LA

anaznisusnans ViningaiRanlignssenay 99.999 luaiafeouh enm

n1slua 3 Hadansdeu? AedutiuuuaTlats DB-wax® 1118 30 m x 250 [im x 0.25 [im film

(Restek, Bellefonte, PA)  guuniaedfauZnain 50 e9AIaLdes (ANau)iifiaednsis 5
= : =l =3 a = 9./:]‘ [ =
BANIATEARAUNT AUDIgUNH 200 asAraiFeanslinidiuean 5 wih

n1stNUenTunaasansseiveingld Mass spectrometer detector (Agilent

5975) LLé’fﬁaﬁ'nE‘mmmﬁ:maﬁl%ﬁqmmuﬁam‘ﬁﬂuﬁuna‘qﬂmma‘ngﬁneﬁ'ut,ua (Hexanal)
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3.3.6 ANSIATIZANSEDA

N1INARBINNNIINARDIAZHININAREIBLIHAY 2 D1 UHITINIFLATIZINNS

=y

ATFNEW ANNLAN AN TR ANATNIT NS ENUABN LT UTE IR LA R T Tia BosSE one-way

ANOVA procedure Uz n3Anmus1esquunil uaz #iag NisanauAsiaresdiatuan
WNUNIINARDILLL Factorial in completely randomize design RszauAMuEasiy 95 wesigus
Iy 1 [ Y- . acicy & ] oy AJIO o= &
uwazulBuLIfit U AndURUS (correlation) 1893 33LAMLHLARLTR UBNATINTANNATI AT =AY
WANGINITBIANLARL IDINAN1IMARBIHIEAE Duncan's multile range test AsfuAINdnsiy

95 wafidus



uny 4

HAaN19N ﬂﬂ@\?LLﬂ&ﬁ%’QW%‘EﬂN@ﬂ’]‘i%ﬂ@@\‘i

4.1 ‘LEmmTwﬁWu@aﬁ'mumLms:mmmmiﬂumiﬁm@@n%mﬂﬁ’ummms

s o
fneAINNT

A198iRRTANIY 10 180 Fimudsdutesansass 2,000 luTasnFusafiadans tBuqnsy

uaﬁnﬁwmmmzmqummm“lum?ﬁm@@n’%mﬁu UAANAIATINN 4. 1

A19199 4.1 Fnnfuednsiovun uazAMNETa lunsinueyyaBssTaaasatnie

#TANANT TPC DPPH TEAC FRAP Anti-TBARS
(ug GAE/mI) (bg TE/mI) (ug TE/ml) (ug TE/ml) (ug TE/mI)

S oo b e f h
et 2,188+25.0° 227.1422.6 1,542+45 7,822+116 511.0+0.60

. f f b d
nazlon 3,267+35.0 1,994+146° 2,112+101 5,7584259 56.58+0.47

v h h

naimm 3697+66.2° 279127.41°  2697+103° 96554285 509.140.33

a d b d d c
1M 2411+19.1 290.1+12.1 1034+64.8 6318+151 124.7 +2.06
fnuly a b bc c f
1249+13.3 279.3+16.8 829.8+31.6 6064+401. 414.74126

Lﬁ'ﬂ"i'l b a a a h
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reactive substances fivuisenilu lulasnsutnsaandsiaianans
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4.1.2 DPPH free radical scavenging (DPPH)
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4.1.3 Trolox equivalent antioxidant capacity (TEAC)
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4.1.4 Ferric reducing / antioxidant power (FRAP)
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TPTZ (1ihs Fe2+ -TPTZ luan1azfiflunse mlfiasazareildsudanndinaacdutly fin [u)
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(AN3797 4.1)
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4.1.5 Anti-Thiobarbutyric acid reactive substances (anti -TBARS)

7 TBARS lunsiamuauanansolumsiueandinduseslafy Foanisiiamed
WBRfTR pTua N FTeenduT 2 7eenseenBadiilafy 1ty ansdsznevlalnnulasoentad
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1a8ams)  AINNANTNAREINUTN A198TANTNAT TBARS - atjsendng 56.58-510.9lulasniy

FANAAART (A15199 4.1)
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FRAP A NANWusiY TPC  Tuszavdnunane 8a1 wiafdu 0575 agrelefay luwy
ANNANRUBSTNING TPC MU anti-TBARS wandd 1BunuTwaNueaiavuavesasasaig 5

ANANNTNINNSTNANERYYABATE DPPH uax ABTS 1A aanadestuseaiuaed Pyo et
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al.(2004) AiwudnANANAUS eI N TWATUeaTIMNA FUAIINa NI luUnN AN
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Maisuthisakul et al. (2008) N$1e91Udn @rsanARIR B AT weauasHan e fsly
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tAfEanng Inaluaanin avsadafiacllsz@nsamludssinaonn  wananniganud
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ANNdNRus NNt TPC uas 388w
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A9199 4.2 AduilsrAvanduiug 1o Bunuinaiue s vaunaua A Na L0 luN1s S

AANTLATUIBIRTANAININY

r TPC TEAC DPPH FRAP Anti-TBARS
TPC 1 0.837 0.813 0.575 -0.475
ABTS 1 0.920 0.818 -0.337
DPPH 1 0.703 -0.288
FRAP 1 0.026
TBARS ’ 1
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2) Thiobarbituric-acid-reactive substance activity (TBARS)
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inl 1.08£0.15  8.26£1.17%°  8.14+1.15°  824+1.17°  14.9+2.11°  14.842.09°
il 1.12¢0.16  3.83+0.54°  3.14:0.44™ 4.20:0.59°  6.35£0.90°  3.25+0.07%
Foam 1.02£0.14  2.48+0.35° 225+0.32" 2.40+0.34°  263+0.37"°  2.75+0.07°
snuyy 1.050.15  7.09£1.00°  9.07+1.28° 11.5041.63° 1521+2.15°  14.66+2.07°
et 0.89:0.13  3.17£0.45" 2.28+0.32" 2.65:0.37°  3.1140.44%®  3.83+0.04°™
e 1.01£0.14  3.75%0.53° 565+0.80° 5.00:0.71°  5.30+0.75°  5.53+0.78"
nsxlau 0.83+0.12  3.19+0.45°  1.42+0.20°  1.60+0.23° 1.82+0.26° 2.38+0.11°
1A 1.04£0.15  8.75¢1.24°  115£163°  11.3+1.60°  18.5:2.61° 18.62.63°
quilan 0.80+0.11  2.89+0.41°  1.55+0.22°  1.58+0.22° 1.55+0.22° 1.60+0.28°
riadinn 0.90£0.13  3.48:0.49" 2.87+0.41™ 3.00:0.42°  3.56£0.50°°  3.63+0.04™
fleAn  1.00£0.14  2.31:0.33° 244%0.35° 25050357 2.50+0.35°  255:0.07°
AILIAN 1.10£0.16  3.51x0.50° 4.03:0.57™ 5.80£0.82°  6.30:+0.89°  6.37+0.90°
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il 0.9120.13°  1.15:0.16°™ 1.572020°  1.8740.27 2.34£0.33°  2.50+0.37°
] 0.57+0.08°  1.09£0.15*° 1.18+0 17% 1.35¢0.19™°  1.98+0.28°"  2.08+0.29™*
A1 0.77+0.11°  1.05£0.15™°  1.14:0.16®  1.1440.16° 1.35:0.19°  1.72+0.24%
Anudy 0.57+0.08"  1.35:0.19°  1.88+0.27° 2.09:0.30°  2.17:0.31°  2.27+0.30%
et 0.35+0.05°  1.03+0.15"°  0.90+0.13° 1.31£0.18™  1.19+0.17° 1.5540.22°
B 0.44:0.06™  1.28+0.18°  1.79+0 25° 1.99£0.28°  2.01+0.28%°  1.89+0 27
nezlaw  0.44:0.06®  0.78:0.11°  1.2810 1 8% 1.28:018°  1.36:0.19° 1 .60£0.23°
n=1& 0.48+0.07™  1.20£0.17%°  1.50+0.04°° 1 78£0.05™°  1.91£0.05°° 20740 3%
duan 0.58:0.08°  0.90+0.13% 1.12+0.16  1.1720.17° 1.200.17°  1.5240.21
nadg 0.54+0.08"  0.97:0.""  1.1410.16® 1.39+0.20" 1.69+0.24°  1.97+0.28%
AdietAn  0.5240.07°  1.14+0.16" 10740.15°  1.37:0.19™°  1.41+020®  1.9310 27
AIUAN  0.58+0.08"  1.11:0.16™  1.10:0.03% 1.60£0.45% 1.67+0.05"°  225:0.07%
VUNELUE G nm"ntmnmanu‘tumauummnu HAAIAINLANGEN T A ATumnaalif (p<0.05).
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rasBladuiniulut 30 wWefusmnanaisasaie 500 WH

1 - o 4 < 1 a as o ar [ & ar
A1 PV (uaanﬁmNy‘amﬂmaﬂnhmmn‘fﬂnw) NIURN 9] ABINIFLNUSNH

AISANANT
0 7 14 21 28 35

e 2.4810.04°  7.91+0.01"  7.32+40.05" 13.1940.10" 15.3£0.07" 20.1£0.02'
Pl 1.24+0.01°  2.984#0.01°  2.47+0.02°  5.3740.04° 6.39:0.01e  8.52+0.02°
910 1.46£0.01°  2.03+0.04°  2.95+0 01° 4.74+0.04° 6.02+£0.03° 6.74+0.01°
Anuly 244£0.01°  7.47:0.058  11.17+0.04 15.7:014' 1 7.27+0.04'  19.71+0.13"
WHentln 2.19£0.02'  277+0.05°  4.08+0.04°  6.350.00 14.36+0.01°  10.20+0.01"
ek 2.46£0.01°  3.96+0.01  6.39:0.02° 9.14+0.01 8.84+0.07  11.89+0.01'
nsslny 0.99+0.02°  2.98:0.01°  3.86:0.01° 5.23+0.04°  6.09+0.02° 6.66+0.06°
nzl& 0.77£0.02°  2.97+0.04°  2.44:0.05° 4.39+0.02° 5.01£0.01° 6.03+0.04°
Wulan 0.74+0.01°  2.26+0.01° 2.5140.23° 2.87+0.01° 3.38+0.01° 3.4+0.07°

fadin 1.7410.02° 348001  4.18+0.02°  7.36+0.01 9.78+0.04" 9.34+0.02°
NUTA?  0.99£0.01°  3.16:0.01°  4.88:0.01"  6.6640.01° 8.02+0.03' 8.92+0.01'
AYLIAN 124:0.01°  368+0.04"  4.36+0.01° 6.96+0.01"  10.2140.01' 13.740.07

wewms sanwshuanseiulureduideniy uaavANNUANAINaL WA Ay eadi (p<0.05)
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M5 4.7 A TBARS 1843 dadudniuluin 30 wefudfsaugisadade 500 RiEL Ty
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. - TBARS ({afnfuanaaudanlansanlaniy) #iusie 9 URINITLAUSNHN
RIFANANG
0 7 14 21 28 35
e 25210.02°  4.3430.04' 58410.06  6.84:0.03°  7.23+0.04 7.45+0.05'
Had 1.75+0.06° 2.120.02°  2.11+0.03°  2.79+0.04° 2.99+0.01° 3.53+0.04°
A9 242+0.03°  2.2240.02° 241:0.03° 264£003°  2.84+0.01° 3.150.02°
fnualu 243+0.01  526:0.04 582:003  6.45:0.07 7.530.04' 8.06+0.06"
et 1.84£0.02°  2.72:0.03°  3.39:0.04°  3.840.04°  4.58£0.04°  4.9420.07"
e 2.19+0.02°  3.54%0.04"  4.32+0.04°  5.78+0.03 6.05+0.05" 6.78+0.01°
ns=inu 2.19+0.03°  3.52+¢0.05"  3.8240.03°  4.08+0.03° 4.5410.04° 5.55+0.04'
nelf 24240.01"  2.94:0.03° 3274003  4.19:0.04' 4.23£0.04°  4.31+0.04%
Tan 1.674¢0.01°  1.75£0.03°  1.50+0.01°  1.75+0.03° 1.83+0.03° 1.86+0.03°
neadn 2.42:0.04'  327+003°  3.16:0.04° 4.110.03" 5.07+0.04' 5.46+0.08°
AlegAn 2.09+0.05°  3.15+003' 4.30£0.05°  4.81+0.06°  5.53+0.08° 6.19+0.04°
ALAN 21540.01%  324:0.02° 407:0.02° 537£0.09"  5.59:0.04° 5.89+0.08"

waEe) FasnusAuAnsiaiulure AR ety WAAIAINUANFNSRL N TITRIAATYN9AER (p<0.05)
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. - PV (Fadnfusnyasitledaanlafnanlaniy) ﬁ%’us'rw] YAINITALENEA
Aasnav 0 7 14 21 35
nled 10.3+3.60° 13.14.41° 12.742.38' 17.12.98° 24.8+3.77%
il 4.73+0.95°  564+0.98%°  8.50+0.58°°  11.8+0.64™ 16.9+2.75°
fa179 4.91:1.05°  597+1.12°  8.66:0.45"°  11.40.52" 16.4+3.47°
Anulu 6.38£1.69"°  7.45:0.92°°  12.25+2.06'  16.10+1.01° 26.2+4.31'
et 5.98+2.33"  8.69+2.66™ 9.65+0.91 13.1£1.02° 22.9+3.32°
(e 9.08+3.00°  10.8+4.41% 12.640.59" 17.00+1.15° 26.2+3.64'
nezlau 4944230  545+2.37° 5.64+0.49%° 8.68+2.14° 10.3+0.40%°
A 5.39£2.83"°  568+2.77% 4.86+0.80° 8.89+2.18° 12.640.53%°
duilan 2.46+0.53" 4.99+1.85% 6.90+0.80™ 8.41+1.19° 14.3+0.66"
rado 5.68+2.15°  7.84%1.13" 9.91+0.84° 12.13+1.81 13.7+0.31™°
fifegAc  3.94+0.04% 4.00+0.00 6.25+0.49%° 8.40+1.85" 9.20+0.91°
AILAN 397+0.84"  532¢2.14°  8.00+1.15°  10.1+0.34% 18.0+1.63"
WUNEILWE 57 Sisfiuanshemslunedniifeaiu WARIANUANFNIRE TR ATUNATA (p<0.05)
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4.3.1.4 Total Oxidation Value (Totox)
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3 5.66 8.73 6.09 1368 1925 2762 3417 3955  68.60

ALAN | 5 3.59 5.26 8.63 595  11.84 1482 1169 1599 22.78
7 4.44 5.73 798 1090 1034 1312 2113 2867 4150
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neeendiadi uaneliiiiudi guuniinasiiunigedu fnainlfiarsadn sudlan uazioena §
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Usrdnsnwlunissirueandinduanas asaingmungiings analiinaneansddAyidualunis

U U

fugRsenaangiadu

o =

A13199 4.16 A1 Totox Ta9sRt198TatY 30 wefirwimiaasiie Aanugll 35eeATaifes

U

o fraITIAINITAY (1)
AN pH
0 7 14 21 28 35 42 49
3 924 1788 3105 6656 89.64 8556 5621  70.25
Judan 5 4.87 5.99 8.42 852 1060 1352 2055  26.60
7 4.71 13.72 1060 17.39 2269 2060 22.76  28.66
3 1081 2246 4098 6414 7118 8760 100.81  73.47
B9 5 5.91 6.58 963 1450 16.94 2127 2933  33.35
7 10.53  17.64 2937 3372 3901 5572 6500 38.94
3 6.99 9.58  11.08 1652 3040  36.48 3845  44.00
$wetAq |5 7.68 989 1191 1328 1580  20.84  30.07  37.02
7 9.58 1292 1638  14.04 2532 3331 3742  40.50
3 6.72 8.97 2405 4812 4296 83.14  30.83  36.87
ATLIAN 5 3.57 493 964 1172 3221 3676 5238  56.74
7 4.48 498 1008 814 1379 1648 3148  34.25
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< . o s R R -
AT9199 4.17 A1 Totox T89MMBEINBNATY 30 L“I_l’tl‘a‘L'ﬂul;WIWL't]°ﬁWl’1\1"'| ﬁ'gm'wqu 45 AIANTATHA

A1

o . FTHLIAINIAL (T14)
saag1e | pH

0 7 14 21 28 35

3 1124 3363 5246 9379  94.10 96.50

Juilan 5 785 1411 1971 2581  26.04 30.90
7 867 1644 2124 3576  36.36 43.45

3 1279 3655 8193 10648 103.87  109.51

A7 5 867 2156 3418 6402 62.75 89.01
7 10.53 2321 4377 8421  84.50 86.18

3 899 1499 2714 5884 5877 75.50

eaAs |5 974 1582 1309 3558  35.95 45.89
7 1056 1631  16.62 3929  40.45 50.24

3 1172 2674 5076 6227 61.87 12356

ATLIAN 5 6.59 946 1804 2193 2356 29.55
7 11.48 2606 50.34 6468 6355  107.91

4.3.1.5 Hexanal
NNTAUATIEHUTNIU Hexanal (secondary oxidation products) (aei3s SPME

Wudagadunfuiiu uazasaseurdauasiBunalneliisies GCMS  lnadaetreinanas

o o ada

Aesrzdliinnisdnidanann siadie 4.3 vedladuiifisziufiien 5 1asann ansafafedanlug

=

Winssiadunaiadjieeandiadulinfige lnafetaisuauaznanismases uanasa

q

ANT19% 4.18-4.21

A151991 4.18 UINN0L Hexanal 1995matn9fiadu Sufi 0 109Bsiady 30 Wasigus

Hexanal
AIREY Peak area (mmol/g emulsion)
Nula1 30% 1313108 0.066
Fin119 30% 2004889 0.100

FNRENNALAN 30% 861025 0.043
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A15197 4.19 1510 Hexanal 989s0tin9filadu Juf 63 (Tugatinaaenisiiv) igumpil 25

= a o o -4 <
AANTRITEE 209818 TU 30 Lafiaus

Hexanal
AR LY Peak area (mmollg emulsion)
quilan 995820 0.050
Aot 1454093 0.073
FNBENNAILIAN 1045680 0.052

AN5197 4.20 18310 Hexanal Tesiatihedalatu Sufl 49 (Sugavinpaeenisiiv) Agoumni 35

ANAIALTaA 18983 aTw 30 wlasiaus

Hexanal
ALY Peak area (mmol/g emulsion)
Wutan 14455791 0.723
Fa11 2802032 0.140
FBENIAILIAN 89793037 4.490

NS19T 4.21 130n0u Hexanal 1e4saatinedsiatu Suft 35 (5 (Fugafineeeanisiiy) Viguuni 45
AR Ta9BNaTY 30 wWediaus

Hexanal
AIAE9 Peak area (mmol/g emulsion)
Jutan 9267400 0.463
#9179 18893106 0.945
FBENIAILAN 9099108 0.455

diafRansouniie uuninIsifiy 25 B3ANTATE (AN97197 4.19) WLF1 ALBLINAIDEN

Usznaufiteansaia futlan f2a19 uszietnamuau Anisulfaunlacliannsoatnadui 0

| 13
I

1] o dl g a o ] 1ad dl : o o d'
Tiwnidn awsfinnsfiuigunniiil metwdaulua i nsdasuudadidladuindn andun

Y

0 @'mLﬁmmmn@munﬁmnﬁuﬁﬂ@ufﬁwﬁq anainalunisdeetzaansfindgiteneendindu
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WATN194514 secondary oxidation product tiadaniiAnlduansneainsaatisaouan  1ie

=

farsunguu)insfiu 35 asAgaiea (19199 4.20) wudi ynsaetsaesddadus 30 1

U
1 v 1 b 73
ANANEATUAINGUN 0 Tusiatine 8i¥adu 30 wafigusd wudrarsasafaanaiidss@nininnag
v
FafNUANIIA1Tan AN uUa atialsinnn wudFatiegsaANTNIRaITRA HANANITalY
] ¥ a a o vl (-3 ' as [l ar & 7= v | o (
nsAasiuntnineandindulin lnsaziiudimaatinegnsanaing AA1 Hexanal Haandnfaacing

AILAN  @AuNITILVRIMYNAIER 45 29ATA T4 (A11919% 4.21) WU Foatansaiaie

a0 a a8

4
=

VanuAsannsaa19AruAN HFunaes Hexanal AnduaIndui 0 uszludugainaananis

|- %

NuAaduh 35 Fretneluddadu 30 wWedud atsanaiulaiuazarsasamoraliaiuaso

' (-

ARAUNITASIS Hexanal 1F iagainiiAiHexanal a9 nandaetneriIugn anaiiiasunann

o o
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o

sandindusnas uazdeduadulinnalgiseeendindu (prooxidant)
4.3.2 aNaguinuluii 10 wWasidun
'4.3.2.1 PV
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4.3.2.2 TBARS

Wanasaun1siasuwt/adan TBARS - aasdsiadutnaiulusin 10 wefiaus 5
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4.3.2.3 p-AV
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4.3.2.4 Total Oxidation Value (Totox)
i -, 1 Qar 1 @ ar as l—'ldi s 0" Qs a a ‘J
Lﬁ’élW'?ﬂ"lﬁ‘ELé"lﬂ’l totox valuc mfmm@mmmmuﬁmmuumu 10 Lﬂmmum i

U INIAALTNET 25 a9ANTATE (R1319% 4.23) seazioanlunisfiuuiu 63 du wudn

1
o 1 =

o ) a o o o o a 4 8y
AAIAEINAIUANLAZFIDEUINNLANRITANANT NWLRT 3 HA totox value '53]\771'6‘2@ Gﬂ\?l‘lﬁ&l@

q

v
e o o L4

] = o a dld & o v & t dld o o & o a o
PiupEiuAN At UL LT 30 Wadius wassliiwdniiegminaniliisenisiineendingdu

Tufetmuanuasinai lfarsatanainouansailuldsaanduaud uazilafiaisun

wWinLUAD totox value wudn faeeineatuAneesBladunfinigdy 10 wefiaus e totox

] v 1 '
o aa o s

value gandrsiatemiuanluBdaduniinngiu 30 wefiaus Twaasliiudn maiaFuno
dndourasinludiade an 70 wWefmumiiu 90 wlefigus duanilFiAan1ndaudeviselin
aandaduldlondn wassaetnegsaiaNiaansaia wuda Huszansninlunissadiunisia

aandiadu 165 net 5 lnaasadndutlatuaznselau ARed 5 3a1 totox value fiaandn AN

1@ 3 WAL WiaT 7.

d 1 o 1 = o o -4 & i < i =
A19199 4.22 A1 Totox 1@3maetieBsiadu 10 wefirus fae 35 uay 7 Weiiulihgungil 25

]

@ﬂﬂ’]L“ﬁ@ﬁﬂﬂ Wuseazinan 63 Ju

o . FTEZANITNY ()
faaene | pH

0 7 14 21 28 35 42 49 63
3 1066 1846 1959  36.39 4972 5478 57.09 6270  69.70
dulan |5 819 836 1042 1352 2286 2219 2643 27.83  26.69
7 863 1314 1330 2466 3162 3612 2271 2063 2563
3 1048 1488 1916  20.86  29.97 3272 4731 4560  50.70
Foan |5 10.30 1447 1636 1959 2401 2444 2538 2758  44.64
7 862 1460 1395 2086 2286 2632 2589 2535  50.37
3 636 947 1373 2236 2330  30.16 3011 3424  36.25
WietAq |5 673 885  17.71 2089 2581 2612 2096 2404 2524
7 472 904 1349 1771 673 941 687 578  8.78
3 653 913 911 2234 3038  40.82 66.30 7435  78.56
AILAN | 5 469 551 691 1364 2655 40.33 47.53 5564  62.76
7 685 706  10.00 1560 17.99  22.41 2912 4016  33.81
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uananinisinguugiiluniafiving Auasenisienisiineandiadusding

iAn Totox HANLAueENaIN  3909ia Msanfietvasddaduiiuy 3 arsadniuuiuus il
(-4 a o’ < = | a ¢ d‘ v A @ o

nssiasinuaandinduanas viie Jariuaiunsalunianiiiy lUseenduau mlwammununu

a o e as as o

Jatuintn 30 wefwmud uasaliifiudn nninaisataiaaslussuuddaduniaanuy

] o o o < 2 o A o 9 a a dd ala
LANAINTRANUIHULWENLAN LB ﬁ’]ﬁ‘@ﬂﬂW‘DﬂxﬁﬂdiVﬂ?iﬁﬂWﬁﬂWWﬂWQﬂWWLﬂ‘H 5

a

A5197 4.23 A1 Totox ARdsRaeN9BNagY 10 Lﬂfamum F07 35 uay 7 Wewiulie frunni

35 adAdalded [Hurvezoan 49 U

o . FTRZAINITIY (W)
faads | pH
0 7 14 21 28 35 42 49
3 10.76 2446  33.34 4280 5330 4723 60.86  69.80
Yuan 5 8.41 12.39 1631 2065 2289 2065 2519 2553
7 871 1388 1417 2131 2245 2874 3586  14.10
3 10.58 1494 2244 3974  60.00 3827 5133  50.11
F9179 5 10.47 1449 1630 1978 2396  26.03 2752 2807
7 862 1438 1432 2451 2619 2729 2850 1530
3 6.36 1380 1992 4634 8971 11876 6527  73.31
fegm |5 673 1684 1771 1912 2151 3466 2135  23.71
7 468 1073 1435 2172 2593 2342 1039  6.00
3 659  11.03 3198 5901 7122 8372 6863 8256
pILAN |5 445 2236 3238 7113 7923 7141 5824 6184
7 691 1312 2484 2719 2782 2865 3399 2778
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a

o ) o | A e e « « i o &
AN9195 4.24 A1 Totox T0sFnetinedaladu 10 wefiaus Riet 35 uay 7 Walfiulingumgdl

45 agAgamaa Wuszaziogan 35 U

S2AIZINANNITAL (%)

Aaagne | pH

0 7 14 21 28 35

3 1066  31.38 4390 7263 7653  87.39

Judan 5 870 2167 1854 2316  30.04 15.80
7 871 1447 1511 2242 2612 2987

3 1058 3405 4281 6934 8185  86.22
|5 1047 1731 2049 2762 4275  40.39
7 862 2147 1594 2610 3500  36.51

3 636 2070 2495 4729 8153  89.77

wlietAe | 5 673 1391 2035 3080 2161  21.19
7 478 1459 1878 2276 3396  26.34

3 659 1143 3255 6057 7787 7422

pILAN |5 469 2317 3397 7284 7425  80.17
7 691 1317 2550 2838 2665  28.06

4.3.2.5 Hexanal

FaRansunianmniinisifiu 25 esAaad@as (As190990 4.27 ) WUG1 AL

Kl Y

yneaedie Usznaudien arsadaiulan neclau wazdtetiAIuAN finsulasundasldann

' 1
o a

Fatinadudl 0 Weadniien anu fetpauangasdiady 10 wefiaus fAmuduaindid
0 Uszannuduwia wassn nasifuigamgfian anansnrzaenisiiadfizaneandindues
oy o [l ar A :: =Y = a a ] v a a as va =
i uazwudn ansanafeieanstfin fussAniawlunssefruniafiseantindulsn Tned
FBunnseq Hexanal Haendndaathepauan daiingamginisfiudlu 35 (39 4.28)
LAY 45 aeAEAdLd  (AN3797 4.29) @:Li‘aﬂﬁﬁ?m@@n%Lmiummﬁﬁﬁu waz asanmaulan

o a o [ ¥ i t
fusAvEnwnissafuandnngzlau
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AN9195 4.25 1BuN0s Hexanal 184Rae19aiiatu Jun 0 109fsiadi 10 wWasiaust

Hexanal
AR ENg Peak area (mmol/g emulsion)
Wudan 1308451 0.065
Kradon 2376382 0.119
FINRENNAILIAN 2305119 0.115

AN519% 4.26 3un04 Hexanal 1a9satnsddadu Jufl 63 (Sugafitaaeinisiiu) nguunll 25

ANANEATLR 19R3ATY 10 wWasimun

Hexanal
AARENY Peak area (mmol/g emulsion)
qutan 2317369 0.116
Kradon 3553561 0.178
FiaBEN4AILAN 9085167 0.454

LY. o

FN519% 4.28 1110 Hexanal 104aatinadladu Juh 49 (Tugatinaganiaiiu) igouugdl 35

AATAITER 198N ATY 10 wefiaus

Hexanal
AIBENY Peak area (mmol/g emulsion)
Wutlan 5694490 0.285
Kradon 14905839 0.745
FIIBLiNNAILAN 188073525 9.404

5797 4.29 11104 Hexanal 109satineddadu 4uf 35 (Tugavinnaasnisiiu) ngmuugd 45

AANTATEIR 29RNATY 10 wlaSimus

Hexanal
ALY ' Peak area (mmol/g emuision)
Wutlan 4203911 0.210
Kradon 4972505 0.249

ABENIAILAN 59818128 2.991




</

, W ey

UNN 5

d7Uuan1Innaag

o :: a « 1 ald ::
A17ANANING 10 mumummmnmwmiﬁmm’fwavlu@awwumm:mwmmmlum?

Frusandiaduatiennn  a1sadaduladiBuiinaniueauniian dauatsatanaiin e

q

I8 wazstuilan iluansadanieouarnnsalunisiueendiatugs dauaisainifisst redag
uazipefn \hunnguidien ant TBARS g1 uenannil WBunniwaiueaianuafasnaduiudi
ANANTalunsAiueanTedy uniiu ant-TBARS

P

nsaAszRAnan wlunsiuiuaesgnsaiafgyia 10 996 wuIn n1sRnansananaly

I

daduazlitdnaniwlunssinuiuléisnd, slinresdsiadu deflnaselsz@ansnnwlunisiuiiu

o A ] a o ¥ o o [ % A‘l =
VNANANANTLFARLTURABN A Lo A7ANANULA LazaNFanAR119 Nﬁnﬂmwzgmmluma?

1
o = %

Fruntsiuludiadu 30 wWefidud lusnusf arsafmiuda uas 4158800 taw AAnn

&

n2suns LR aluBdady 10 Wefidus

‘WLfmjLL@:@mmﬁiua‘wdwn’1mﬁu§nmﬁmam'@mﬂ:afama‘@@n%mﬁummﬁqﬁu taeinng
Wiermazisimaiseeniad  lwsnsiinaifinfierii il dvannnisduiinisiuiay
gounaiinguupilunisiiuinm  ausannsfiseandinduteslasiy  wazenavnauansdiy

= (% <4 Vv dyv a a v o G 1 s a o ar -1 rdlq
aanddulungld  wananniies TusresNatufNaaI Uiy Tneddadu 10 Wefifudfiinans
anmsiudauaznszlaulidnantnunnndndsiatu 30 wefifusduarsaiang  Sulan uas
nszlay Sdnanwlunisilulszgndlfifuansiuiiumusssmeiluemsdiaduaiatinmil

U 1a



e

uny 6

NANARNITUIRE

6.1 agnedauasnersidennaninnuidefinanlfuaziiagssuinsdniunns

Pornhathai Putthawan & Varipat Areekul. 2015. Effect of Thai local plant extracts on stabitity
of oil in water (O/W) emulsion system. In Proceeding of Food Innovation Asia 2013. The
15th Agro-industrial Conference. Bitec Conventional Center, Bangkok 13-14 June 2013.
Pornhathai Putthawan and Varipat Areekul 2012. Screening for antioxidant activity in edible
Thai local plants. The 4th International Conference on natural products for health

beauty. 28 -30 Nov. 2012. pp 551-40 — 551-46.



UITOUIYNTHN

1 Autldranas. 2551, narasFanaldsiuluindrsasdaatinddady sumnsesl
UBAN WATANEINITOF UBENTATY, WEUNUEINL VAN E RSN T URAR @191 7eN
ANASN381MYT MATTAnEAasuasnatulatnisemng NMINEIRUINEATIANART

U g weun'lngas. 2552. mwmmsm’lumiﬁm@an%mi’uLtazmidﬂﬁmﬁwﬂummﬁ’m
NnAgihuseiio. Snendnufnenmansutuda A1UINBVAIAATNITANMNT ALY
arAMNITNERT dontumalulatwszaeninddgummsannnseiy

FRAT WIINT Uaz 2554, HaTassIsANaRTRansaunsiuludiaty.  MeeuEstery
auyrod sulsza uuruRY ALILgAE N ISIINEAS ﬂmﬁumﬂiuiaﬁmmﬂumﬁnL%’ﬁ@m
NUTA1ANTEIT

il la%an. 2554, msﬂﬁmﬁumsﬁwmsﬁummﬁﬂnﬂruﬁwﬁu?‘inﬂ'lr?f'l,uuwmﬁ'rﬂg.
TN USINEN AA R T TR S11141VIABIMNG ATUZEARTUNITHINEAT AD1T
walulatinszaauinddaunmisananszii

W wiaatny. 2554, unumresanssznetuaasiequnin. e1ms 32(4): 345-253.

801 whapun. 2556, ﬁl’namw‘lum'a‘ﬁ'uﬁum'aammﬁ’mmnﬁ'ﬁﬁmﬁuﬁu‘%‘fmﬂﬂuﬁ?ﬁuﬁ’%
WiResaziiuda. W UNUSIN AA RSN TR @1918910L1881MT ARy
araTmnTavinems antiumatulatimssaeninddanmmsaanssly

ar o o % a a VJ
Wi yoyenlesias uaz asys Toadewsiatey. (UssnuiBnns). 2539, ayulng: TiRuty (1),

Do

minaudiayaayulng ansndsmans awinengusiing, Ussanay NTUNNS. 895 uiin

Wundis yoyelszsias uaz esys adansiay. (Us7418n19). 2541, anulne: iR utihu (2),
dndneudiayaayulng Ansindamans NInenaENiing. Ussmnau. nganwer. 640 win

undu yoyerlseias uaz asys adeunsidy, (Us70418N19). 2542, dnulng: oAl (3),
dninaudieyaayulng ansindumnans MIMENgENiing. Ussrnan ngawmme. 823 wiin

Wundu yeyelszsias uas asya laadtwsiaday. (UssunBnng). 2543, ayulns: fRutihy ().
dninaudeyaayulng ansndarnans NuVIneNgtniion. Yssanau. ngamwe. 740 i

uwiusia Huned. 2551, ﬂfmm%’uﬁuémmm?ﬂszn@umuﬁnzﬁummmmmmmlum?ﬁm@%a
aarzluivg. fraiulaninanmans 8(2): 114-124

WIars fnetuzsssn uaz fyun \1Alige. 2546, wauReanduaud - Agenunziseludn-

ayulwsine. unBnisfiud, Fealusl, 218 win



77

360 Fauntluurl. 2548, Imenandadnisannstasleduuazdnu, ngamne. 1o 104 MHIER
(#ne.

Uiinnn AWmuaAY. 2550. $9ALRARILNS N15UsEenA Ll un1SIREN LALHAN NN SITNTR.
NWINENRLTITUANARAT. NPINW. 134 Wil

Uinssad lasaus, Anen asand3, yrunsn aaaan, 943 lasaus, insuelng lealsad,
nouen gRzay, 1t widlwyaed, InTsatl 33673 was wian9sR Awrayms. 2545, n1ghd
UsrlaadRnanulnsluiuiiyaidlassnisuass :e9udds. uninendo@aclm
311 wil

#aojes uNgVENs WRTqWIT A1729NA9NA. 2550, NaeNATARAAIN Cratoxylum  formosum
Dyer. WATNT strip ATnasaAL ARt Ut MR, Wi 765-772. 11 n1sisea
NMALIINTURINWINRELNBATANRAT AT 45 A1AUFTUNITINEATURY
ARNTTHANEAT ANUIAARIUNTTHNEAT. NFUAWY, UMANLNRLLNHATANERS

Foun Bunsyinenl 2547, nsagiRgavuaznsanauanaisdAIAg A ndyulng. Aninfiuw

W9 ANAINIINMNINENGE. NTINWY. 215 UTh

aun fimunad. 2530.  ayulwslne naud 5 drawgnuaraniiald nestings neutllil

PRNINTAUR. NPUNNY. 516-731 udin

'
o

2ARDA 99aNA, 9UATT Yoy ilae uATHTPI95 WernuLUAS. 2550. Baviasdurasnssaldlne
(8). Inendrananiuasinaanisganin, 2(1): 1-8.

el wiasdny. 2545, ununaassnsilsenaufueanagunn. 118158113, 32(4): 245-253"

s
-]

ga99u aing, $138 Buns, gasss vden uazdeaii Tunuia. 25510, asAaniFasidasiie
ihitldsslagdmanmauianasine 1au o. yatdilassnsuacs. asduniwiufaueus
WUATEA. NN, 978 ntin

q899) 2134, $158 Buns, garsas nden uazeeaiia Wunufia. 25519, aedranufiFasiFasia
ihilfdsslaadmemauiiasasing idu . yaiilasnimans, eaduniwiufueus

o

WLRTTN. NJAUMN. 920 il

< <

48953 273N, 9158 Bung, g9570u MTe uazeadfia Tunufie. 2551a. mﬁn’rmé’féausmw%
ihilduszlagdmemamiavasing du o. yalilasanimane. esBunfduiaueus
WUATe. ngainme. 886 nih

ARLNTA VIB9EaA LA Wt inafnum. 2530, wailenmsdiasdu, nganwe : Te.ioa wiuRe. 211

&
UU



78

Aong Aawage. 2546 dagRetuluetms. uaslgn: Tneuiauddadinuasiineusunininems
LA Nﬂﬁ%%’lﬂﬁﬁ%Lﬂ‘iﬂﬁl?ﬂﬁ@ﬁl§

VR 1997, 2555, wauReanduaudbusyRg. AInANRNIneNfENNIasAIN. NUNE1TAIN

Tom Fasausl. (UssouiBnng). 2550. Anednuaynadase. Ruafi 2. A 18 WEWY, uunif

Abdalla, A.E. and Roozen J.P. 1999. Effect of plant extracts on the oxidative stability of
sunflower oil and emulsion. Food chem. 64: 323-329

Abu Bakar, M. F., M. Mohamed, A. Rahmat, and Fry. J. 2009. Phytochemicals and antioxidant
activity of different parts of bambangan (Mangifera pajang) and tarap (Artocarpus
odoratissimus); Food Chem. 113:479-483.

Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M. and Shahidi, F. 2005. Comparison of antioxidant
activity, anthocyanins, carotenoids and phenolics of three native fresh and sun-dried
date (Phoenix dactylifera L.) varieties grown in Oman. J. Agri. Food Chem. 53: 7592-
7599.

Arabshahi, D.S., Devi, D.V. and Urooj, A. 2007. Evaluation of antioxidant activity of some plant
extracts and their heat, pH and storage stability. Food Chem. 100: 1100-1105

Almajano MP., Delgado ME. and Gordon MH. 2007. Albumin causes a synergistic increase in
the antioxidant activity of green tea catechins in oil-in-water emulsions. Food Chem. 102:
1375-1382.

AOAC. 2000. Total solid content, gravimetric method 966.02. Official Method of analysis.
Associate of Official Analytical Chemists. EUA.

AOCS. 1997a. Official Methods and Recommended Practices of the AOCS, 4" ed., American Oil
Chemists’ Society, Champaign, Addition and Revision. Method. Cd 8-53. Peroxide value
(acitic acid- chloroform method)

AOCS. 1997b. Official Methods and Recommended Practices of ACCS. 4"ed. American  Oil
Chemists’ Society, Champaign. Addition and Revision. Method Cd 12b-92: Qil Stability
Index (OSI).

AOCS. 1997c. Official Methods and Recommended Practices of the AOCS, 4" ed., American

Oil Chemists’ Society, Champaign. Addition and Revision. Method Cd 18-90. p-

anisidine value.



79 ¢

Barros, L., Baptista, P., Correia, D.M., Moris, J.S. and Ferreira, |.C.F.R. 2007. Effect of
conservation treatment and cooking on chemical composition and antioxidant activity of
Portuese wild edible mushrooms. J. Agric. Food Chem. 55 (12): 4781-4788.

Benzie, IFF. and Strain,JJ. 1996. The ferric reducing ability of plasma (FRAP) as a measure of

“antioxidant power”: the FRAP assay. Anal. Biochem. 239: 70-76.

Boonnak, N., Karalai, C., Chantrapromma, S., ponglimanont, C., Fun, H.K., Kanjana-Opas, A.
and Laphookhieo, S. 2006. Bioactive prenylated xanthones and anthraguinones from
Cratoxylum formosum spp. Pruniflorun. Tetrahedron. 62: 8850-8859.

Borneo, R., Leom, A., Aguirre, A. Ribotta, P. and Cantero, J.J. 2009. Antioxidant capacity of
medicinal plants from Province of Cordoba (Agentina) and their in vitro testing in a
model food system. Food Chem. 112: 664-670.

Boskou, D. 2006. Sources of natural phenolic antioxidants. Trends Food Sci. Tech. 17: 505-512.

Brand-Williams, W., Cuvelier, M.E. and Berset, C. 1995. Use of a free radical method to evaluate
antioxidant activity, LWT. 28:25-30.

Cai, Y., Luo, Q. Sun, M. and Corke. H. 2004. Antioxidant activity and phenolic of 112 traditional
Chinese medicinal plants associated with anticancer. Life Sci. 74:2157-2184.

Cai, Y., Sun, M., Jie, X., Luo, Q. and Corke. H. 2006. Structure-radical scavenging activity
relation of phenolic compounds from traditional .Chinese medicinal plants. Life Sci.
78:2872-2888.

Capecka, E., Mareczeek, A. and Leja M. 2005. Antioxidant activity of fresh and dry herbs of
some Lamiaceae species. Food Chem. 93: 223-226.

Castenmiller, J.J.M., Linssen, J.P.H., Heinonen, .M., Hopia, A.l. Schwarz, K. and Hollmann,
P.C.H. 2002. Antioxidant properties of differently processed spinach products. Nahrung.
46: 290-293

Cavar, S., Kovac, F. Makimovic, M. 2009 Synthesis and antioxidant activity of selected 4-
methylcourmarin. Food Chem, 117: 135-142.

Chai, X., Su, Y.F. Guo, L.P.,, Wu, D., Zhang, J.F., Si, C.L., Kim, J.K. and Bae, Y.S. 2008. Phenolic
constituents from Conyza sumatrensis. Biochem. Syst. Ecol. 36: 216-218.

Chan, EW.C., Lim, Y.Y. and Chew, Y.L. 2007. Antioxidant activity of Camellia sinensis leaves

and tea from lowland plantation in Malaysia. Food Chem. 102:1214-1222.



80

Chan, EW.C., Lim, Y.Y. Wong, S.K. Lim, KK. Tan, S.P. Lianto, F.S. and Yong. M.Y. 2009.
Effects of different drying methods on the antioxidant properties of leaves and tea ot
ginger species. Food Chem. 113:166-172.

Chanwitheesuk, A. Teerawutgulrag, A and Rakariyatham N. 2005. Screening of antioxidant
activity and antioxidant compounds of some edible plants of Thailand. Food Chem. 92:
491-497 |

Dasgupta, N. and B. De. 2004. Antioxidant activity of Piper betle L. leaf extract in vitro. Food
Chem. 88:219-224.

Deba, F., Xuan, T.D., Yasuda, M. and Tawata, S. 2008. Chemical cpmposition and antioxidant,
antibacterial and antifungal activities of the essential oil from Bidens pilosa Linn. Var.
Radiata. Food Control. 19: 346-352.

Di Mattia, CD., Sacchetti G., Mastrocola, D. and Pittia P. 2009. Effect of phenolic antioxidants on
the dispersion state and chemical stability of olive oil O/W emulsions. Food Research Int.
42:1163-1170

Dragovic-Uzelac, V., J. pospisil, B. Levaj, and K. Delonga. 2005. The study of phenolic profiles
of raw apricots and apples and their purees by HPLC for the evaluation of apricot
nectars and jams authenticity. Food Chem. 91:373-383.

Del Caro, A. Piga, A. and Corda, G. 2004. Effect of drying conditions and storage period on
polyphenol content, antioxidant caoacity, and ascorbic acid of prunes. J. Agric. Food
Chem 52:4780-4784.

de Padua, L.S., Bunyapraphatsara, N. and Lemmens, R.H.M.J. (Eds.). 1999. Plant resources of
South-East Asia No. 12(1) : Medicinal and poisonous plants 1. Backhuys Publishers.
Leiden. the netherlands. 711 pp. '

Dewanto, V., Wu, X.Z., Adom, KK. and Liu, RH. 2002 Thermal processing enhances the
nutritions value of tomatoes by increasing total antioxidant activity. J. Agri. Food Cherﬁ.
50: 3010-3014.

Dicko, M.H., Gruppen, H., Traore, A.S., Van Berkel, W.J.H. and Voragen, A.G,J. 2005.
Evaluation of the effect of germination on phenolic compounds and antioxidant activities
in sorghum variesties. J. Agri. Food Chem. 53:2581-2588.

Dickinson, E. 2003. Hydrocolloids at interfaces and the influence on the properties of dispersed

system. ‘Food Hydrocolloids, 17:25-29.



81

Dini, ., Tenore, G.C. and Dini, A. 2008. Saponins in Ippomoes batatas: Isolations,
characterization, quantification and antioxidant properties. Food Chem. 113: 411-418.

Ferreira, D., Guyot, S., Mamet, N., Delgadillo, I., Renard, C.M.G.C. and Coimbra, M.A. 2002.
Composition of phenolic compounds in portuguese pear (Pyrus communis L. var. S.
Bartolomeu) and change after sun-drying. J. Agri. Food Chem. 50: 4537-4544.

Ferreira, A. Proenca., C., Serralheiro, M.L.M. and Araujo, M.E.M. 2006. The in vitro screening for
acetylcholinesterase inhibition and antioxidant activity of medicinat plants from portugal.
J. Ethnopha. 108: 31-37.

Frankel, E.N. 1998. Lipid oxidation. Dundee, UK: The Oily Press.

Gibis,M. and Wessi, J. 2012. Antioxidant capacity and inhibitory effect of grape seed and
rosemary extract in marinades on the formation of heterocyclic amines in fried beef
patties. Food Chemistry. 134: 766-774.

Gulluce, M., Sahin, F. Sokmen, M. Ozer, H. Daferera, D. Sokmen, A. polissiou, M. Adiguzel, A.
and Ozkan. H. 2007. Antimicrobial and antioxidant properties of the essential oils and
methanol extract from Mentha longifolia L. ssp. longifolia. Food Chem. 103:1449-
1456.

Guo, C., Yang, J. Wei, J. Li, Y. Xu, J. and Jiang. Y. 2003. Antioxidant activities of peel, pulp and
seed fractions of common flowers as determined by FRAP assay. Nutr. Res, 23:1719~
1726.

Han, J., Ye, M. Xu, M. Sun, J. Wang, B. and Guo. D. 2007. Characterization of flavonoids in the
traditional Chinese herbal medicine-Huanggin by liquid chromatography coupled with
electrospray ionization mass spectrometry. J. Chromatogr. B. 848:355-362.

Huang, S.W. and Frankel, E.N.  1997. Antioxidant activity of tea catechins in different lipid
system. J. Food Sci & Nutri.

Katalinic, V., Milos, M. Modun, D. Music, |. and Boban. M. 2004. Antioxidant effectiveness of
selected wines in comparison with (+) catechin. Food Chem. 86:593-600.

Kaur, €. and Kapoor. H. C. 2001. Antioxidants in ﬁowers and vegetables—the millennium's
health. Int. J. Food Sci. Tech, 36:703-725.

Kubola, J. and Siriamornpun. S. 2008. Phenolic contents and antioxidant activities of pursiane
(Momordica charantia L.) leaf, stem and fruit fraction extracts in vitro. Food Chem

110:881-890.



82

Li, B. B., Smith, B. and Hossain. Md M. 2006. Extraction of phenolics from citrus peels: |. solvent
extraction method. Sep. Purif. Technol. 48:182—188.

Li, D., Ng, A. Mann, N. and Sinclair. A. J. 1998. Meat fat can make a significant contribution to
dietary arachidonic acid. Lipids 33:437-440.

Liu, L., Howe, P. Zhou, Y. Xu, Z. Hocart, C. and Zhang. R. 2000. Fatty acids and B—carotene in
Australian purslane (portulaca oleracea) varieties. J. Chromatogr. A 893:207-213.
Lopez-Velez, M., Martinez-Martinez, F. and Del Valle-Ribes. C. 2003. The study of phenolic
compounds as natural antioxidants in wine. Critical Reviews Food Science and Nutrition

43:233-244.

Maisuthisakul, P., Sutajit, M. and Pongsawatmanit, R. 2007. Assessment of phenolic content
and free radical-scavenging capacity of some Thai indigenous plants. Food Chem. 100 :
1409-1418.

Manach, C., Scalbert, A. Morand, C. Rémésy, C. and Jiménez. L. 2004. polyphenols: food
sources and bioavailability. Am. J. Clin. Nutr 79:727-747. |

McClements., D.J. 2000. Comments on viscosity enhancement and depletion flocculation by
oolysaccharide. Food Hydrocolloids. 14: 173-177.

McClements., D.J. 2005. Food Emulsions Principles, Practice, and Techniques. 2" ed. CRC
Press. Florida.

Nawar, WW. 1996. Lipid. /n Food Chemistry 3" ed. (Fennema, OR. (Editor)). Marcel Dekker, Inc.
p 225-321.

Oliveira, I., Valentao, P. Lopes, R. Andrade, P. Bento, A. and Pereira. J. A. 2009. Phytochemical
characterization and radical scavenging activity of portulaca oleraceae L. leaves and
stems. Microchem J 92:129-134.

Ortega, H., Coperias, J. L. Castilla, P. Gémez-Coronado, D. and Lasuncion, M. A. 2004. Liquid
chromatographic method for the simultaneous determination of different lipid-soluble
antioxidants in huluuatsma and low-density lipoproteins. J. Chromatogr. B 803:249—
255. '

Othman, A., Ismail, A. Ghani, N. A. and Adenan. |. 2007. Antioxidant capacity and phenolic
content of cocoa beans. Food Chem 100:1523-1530.



83

Pereira, J.A., Oliveira, |. Sousa, A. 2007. Walnut (Juglans regia L.) leaves: phenolic
compounds, antibacterial activity and antioxidant potential of different cultivars. Food
Chem. Toxicol 45:2287-2295.

Phomkaivon, N. and Areekul V. 2009. Screening of antioxidant activity of selected Thai wild

plants. Asian J. Food Agro-Industry. 2(4). In press.

Pulido, R., Bravo, L. and Saura-Calixto. F. 2000. Antioxidant activity of dietary polyphenols as
determined by a modified ferric reducing/antioxidant power assay. J. Agric. Food Chem
48:3396-3402.

Rashed, A.N., Afifi, F.U. and Disi. A.M. 2003. Simple evaluation of the wound healing activity of
a crude extract of portulaca olecracea L. (growing in Jordan) in Mus musculus JVI-1. J.
Ethnopharmacol 88:131-136.

Renaud, S. 1990. Linoleic acid, platelet aggregation and myocardial infarction. Atherosclerosis
80:255-256.

Renaud, S. and Nordoy. A. 1983. Small is beautiful: alpha-linolenic acid and eicosapentanoic
acids in man. Lancet | 1163.

Rice-Evans, C.A., Miler, N.J. and Paganga, G. 1996. Structure—antioxidant activity
relationships of flavonoids and phenolic acids. Free Radic. Biol. Med 20:933-958.

Rific, V. A. and Khanchadurian. A. K. 1993. Dietary supplementation with vitamin C and E
inhibits in vitro oxidationof lipoproteins. J Am. Coll. Nutr 12:631-637.

Rudnicki, M., Oliveira, M.R. Pereira, T.V. Reginatto, F.H. Dal-Pizzol, F. and Moreira. J.C.F.
2007. Antioxidant and antiglycation properties of Passiflora alata and Passiflora edulis
extracts. Food Chem 100:719-724.

Sapina, M., Cuccioloni, M. Sparapani, L. Accirarri, S. Eleuteri, A.M Fioretti, E. and Angeletti. M.
2008. Comparative evaluation of flavonoid content in assessing quality of wild and
cultivated vegetables for human consumption. J. Sci. Food Agric 88:294-304.

Sasaki, K., Alamed, J., Weiss, J., Villeneuve, P.. Giraldo LJL, Lecomte, J. , Figueroa-

Espinoza, M. and Decke EA. 2009. Relationship between the physical properties of
chiorogenic acid esters and their ability to inhibit lipid oxidation in oil-in-water

emulsions. Food Chem. /n Press.



84

Senevirathne, M., Kim, S. Siriwardhana, N. Ha, J. Lee, K. and Jeon. Y. 2006. Antioxidant
potential of Ecklonia cava on reactive oxygen species scavenging metal chelating,
reducing power and lipid peroxidationinhibition. Food Sci. Technol. Int 12:27-38.

Shahidi, F. 2000. Antioxidants in food and food antioxidants. Nahrung. 44: 158-163.

Silva, B.M., Andrade, P.B. Valentad, P. Ferreres, F. Seabra, R.M. and Ferreira. M.A. 2004.
Quince (Cydonia oblonga Miller) flower (pulp, peel, and seed) and jam: antioxidant
activity. J Agric. Food Chem 52:4705-4712.

Simopoulos, A. P. Norman, H.A. and Gillapsy, J.E. 1995. Plants in human nutrition. 47—-74. in
Simopoulos, A. P. ed. World Review of Nutritionand Dietetics, Base!: Karger.

Samotyja, U. and Matecka M. 2007. Effects of blackcurrant seeds and rosemary extracts on
oxidative stability of bulk and emulsified lipid substrates. Food Chem. 104: 317-323.
Tabart, J., Keve~rs, C., Pincemail, J. Defraigne, J.O. and Dommers, J. 2009. Comparative
antioxidant capacities of phenolic compounds measured by various test. Food Chem,

113: 1226-1233.

Tawaha, K., Alali, F.Q., Gharaibeh, M., Mohammad, M. and E-I-Elimat, T. 2007. Antioxidant
activ_ity and total phenolic content of selected Jordanian plant species. Food Chem. 104:
1372-1378.

Tian,L.L. and White, P.J. 1994. Antioxidant activity of oat extract in soybean and cottonseed
oils. J. American Oil Chemists’ Society. 71: 1079-1086.

van der Vossen, H.A.M. and Wessel, M. (Eds). 1999. Plant resources of South-East Asia No. 6 :
Stimulants. Backhuys Publishers. Leiden. the netherlands. 201 pp.

van Valkenburg, J.L.C.H. and Bunyapraphatsara, N. (Eds). 2001. Plant resources of South-East
Asia No0.12(2) : Medicinal and poisonous plants 2. Backhuys Publishers. Leiden. the
netherlands. 782 pp.

Velasco, J., Dobarganes, C., Holgado, F. and Mrquez-Ruiz, G. 2009. A follow-up oxidation study

in dried microencapsulated oils under the accelerated conditions of the Rancimat test.
Food Research Int. 42: 56-62.

Vinha, A.F. Ferreres, F. Silva, B.M., Valantao, P., Goncalves, A. Pereira, J., Oliveira, M.B.,

Seabra, R.M. and Andrade, P.B. 2005. Phenolic profiles of Protuguese olive fruits (Olea

europaea L.): influences of cultivar and geographical origin. Food Chem, 89: 561-568.



85

Vogel, H., Gonzalez, M. Faini, F:, Razmilic, L., Jaime Rodriguez, J., Mart, J.S. and Urbinag, F
2005. Antioxidant properties and TLC characterization of four Chilean Haplopappus
species known as bailahuen. J. Ethnopham. 97: 97-100.

Vinson, J. A., Xuehui, S. Ligia, Z. and Bose, P. 2001. Phenol antioxidant quantity and quality in
foods: fruits. J. Agric. Food Chem. 49: 5315-5321.

Xu, X., Yu, L. and Chen, G. 2006. Determination of flavonoids in portulaca oleracea L. by
capillary electrophoresis with electrochemical detection. J. Pharmaceut. Biomed. Anal
41:493-499.

Williams, R. and Elliot, M. 1997. Antioxidants in grapes and wine:Chemistry and health effects. In
Natural antioxidants: Chemistry, health effects and applications (Shahidi F. (Editor)).
lllincis: American Qil Chemical Society Press. pp.150-173

Wojdylo, A., Oszmianski, J. and Czemerys, R. 2007. Antioxidant activity and phenolic
compounds in 32 selected herbs. Food Chem. 105: 940-949.

Wolfe, K.L., Kang, X., He, X., Dong, M., Zhang, Q. and Liu, R.H. 2008. Cellular antioxidation
activity of common fruit. J. Agric. Food Chem. 56: 8418-8426.

Wong, S.P., Leong, L.P. and Koh, J.H.W. 2006. Antioxidant activities of aqueous extracts of
selected plants. Food Chem. 99: 775-783.

Wu, C.R., Huang, M.Y. Lin, Y.T. Ju, H.Y. and Ching, H. 2007. Antioxidant properties of Cortex
Fraxini and its simple coumarins, Food Chem. 104: 1464-1471.

Yang, L.F., Siriamornpun, S. and Li, D. 2006. polyunsaturated fatty acid content of edible
insects in Thailand. J. Food Lipids. 13:277-285.

Yanishlieva-Maslarova, N.V. 2001. Inhibiting oxidation. In pokomy, J.. Yanishlieva, N. and
Gordon, M.H. (Eds.). Antioxidants in food: pratical applications. Cambridge: Woodhead
Publishing Limited. 22-70 pp.

Yawadio Nsimba, R., Kikuzaki, H. and Konishi, Y. 2008. Antioxidant activity of various extracts
and fractions of Chenopodium quinoa and Amaranthus spp. seeds. Food Chem. 106:
760-766.

Yoshida, T., Chou, T., Nitta, A. and Okuda, T. 1991. Tannins and related polyphenols of
theaceous plants. IV. monomeric and dimeric hydrolyzable tannins having a dilactonized

valoncoy! group from Schima wallichii KORTH. Chem. Pharm. Bull. 39(9): . 2247-2251.



i
1
|
|

86

Yu, J., Wang, L., Walzem, R.L., Miller, E.G., Pike, L.M. and Patil, B.S. 2005. Antioxidant aclivily of
citrus limonoids, tlavonaids and coumarins, J. Agri. Food Chem. 53: 2009 2014.

Zhang, J.S., Guan, J., Yang, F.Q., Lui, G.H. Cheng, X.J. and Li, S.P. 2008. Qualitative and
guantitative analysis of four species of Curcuma rhizomes using twice development thin
layer chromatography. J. Pharm. Biomed. anal. 48(3): 1024-1028

Zheng, W. and Wang, S.Y. 2001. Antioxidant activity and phenolic compound in selected herbs.
J. Agri. Food Chem. 52: 1112-1117.

Zhou, K. and Yu, L. 2004. antioxidant properties of bran extracts from Trego wheat grown at
different location. J. Agri. Food Chem. 52:1112-1117.

Zhou, K. and Yu, L. 2006. Total phenolic contents and antioxidant properties of commonly
consumed vegetables grown in Colorado. LWT Food Sci. Technol. 39: 1155-1162.

Zhou, L and Elias, R.J. 2009. Antioxidant and pro-oxidant activity of (-) epigallocatechin-3-

gallate in food emulsion: Influence of pH and phenolic concentration.



AMANUIN



NARUIN N
NS ENANTAN ARG LAZNTLATENAIDENIDNAE U

[ ¥
A1919% n 1 Bundlefigunaesudaiarinraansanane

. WBannaasuiwiavan

AR Aud b L.

(dasigun)
(et lu 69.19
nezlau lu 52.36
nadng lu 60.58
Aa170 lu 66.97
dnudu aviunazly 53.91
e Tu 44.24
qurlan lu 48.51
gin el asunazly 69.76
neld lu 58.4
) lu 76.29

BLASENAITANANTLARZAIMNLVTNT UAINNEN AN LY N U
2 =) o os v .
M@J\m’]?ms‘ﬂuﬂ’lﬁ‘ﬂnﬂnnml‘wustock solution 400 mg/m|
fNAIRENY U A19ana (e DN et 66.19 wafiaus sasnisimsanlile anudndu
400 mg/mi(40 g /100 ml = 40x10° LLg/ml)
= 40/66.19

=1/1.65=0.60 ml

patlufiaalfin solvent Usunms 0.60 mi inalkasaiafinanudiudu 400 mg/ml



-~

NMANUIN U

- o
ﬂﬁ?tm‘%ﬂuﬂqﬁﬂzﬂqﬂuﬂlﬂ‘iﬂ'luLL'NSiL’é] tLAUANAFAAL

1 .msa:mammgmnsmm@%n

daunadn 0.02 nfu azalafsaaniuas 95 wadiaus UsuilFuamstlu 50 1asans azlé

msmmsgmnsmmaﬁnﬁﬁmmL%ﬁu 0.4 HARNTUFAANARAT

2. BNTATABNTFTFIU 6-hydroxy-2,5,7 8-tetramethylchroman-2-carboxylic acid (Trolox)

449 Trolox 0.025 NFN azaeAelan uaa 95 Ladaus 10 A8AART LANLINAULAZLS

1Fumstly 100 Ha8aRT @z‘l,c’#immzmﬂmm‘gm trolox AR ANNAY 0.25 TaANFUFRNARART

3. anrasaralalfanAIFuaLum
dalahenAIfuaum 10 nfu azatafqatinngu UfuiFuiasdy 100 Nadans azld

a v

o o - o 9 - -
ﬂqﬁ'ﬂza’]ﬂ’ﬂdt""ﬂlﬁﬂmﬂ’]TU@LU@WNﬂ’]’]NL‘IJN’IJu 10 Wediaua

4. a17aeant 2,2-diphynyl-1-picryhydrazyl radical (DPPH)

49 DPPH 0.0078 n¥u azaneluleniuaa 95 wasiausd UsuiFuamsiiu 100 8aaans azls

#13a2a18 DPPH Ny 0.2 faaluand

5. @17a¢ane 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)

1 ABTS 0.2742 nu avanedaeiinndy UsunBunendy 100 fiadans darsazany ABTS
Fundnuanidalaeanlad 2 nfu punasliifugae magnetic stirrer ({1281 30 w1 lufiiln
antunsesdaanszaEnsaaes 4 udanseatnanafadaadansesauin 02  luaseu azld
8N78ANE ABTS+ Rilaanudiudiu 5 Sadtuans

reuinisfiasiliideansansazany ABTS+ Faerinndu WilAganAuLAY fiAamE

A 734 unTuiims agfluga 0.700:0.020 uazAIsIsFaNATTAZA"Y ABTS+ ludynaiaiiinis

a -
AATIEN



90

6. a19a2a8 Ferric reducing/antioxidant power (FRAP)

1) wreuardwntWiefaudindu 0.3 Tuanf (pH=3.6)

folaenesiian 3.1 nF azanadaniinngy Hunsaasdsnidind (glacial acetic acid) 16
Sarans aanvuLliuunsdaeniangwihy 1 ans

2) wirenanrazanensalalasaaasnAannldindu 40 aaluand

ulnnsalalnsaaesniudiu 3.31 faaans BHuadluinngy anifulFuBuansly 1 ans

3) HIENANTAZANE FRAP
furednaaales 0.1082 ¥y azanafastiangu 20 HeAaRs a1niuda 2.,4,6-tripyridyl-s-
triazine (TPTZ) 0.0624 nFu azartsedansazarensalalnsaaesnaatudindiu 40 40 Aadluans 20
fadans dhanTazafveassunaaufuesdamiWine i Bunns 200 Hadans siraludnrdau

1:1:10) azldiansazans FRAP 1iums 240 fadans maswsianatsazane FRAP ludynafainianis

o L
AUATITN

7. nMaaaauaIuatuirolunirituaandiaduaaslady

1) wrendiatuaeensa ladualuadn 1 Weaflaus

3
%

Fansalasiualuedn 0.5 nfu LAY Tween 40 21194 0.5 nFu azaafatindwldidinnu
wdfuiliunmailu 50 3a8anT
2) AFHNANTREAe TCA-TBA-HCI

[
o

dansalnsaaalsasdbin (trichloroacetic acid, TCA) 15 niu waznsalnlaunilyin (thiobabituric

acid, TBA) 0.375 nu azaessaisazanansalalasaaernaanuidndu 0.25 Tuanf anntiuuaw

v v

a1razatenaaad iy UsuiBunmstly 100 Ra8ans Aefiels 1 AU HINANTEIAIENTEANENTEY

waf 4 azlfa1razane TCA-TBA-HCI

8. TALAUA p-AV

'
[

44 p -Anisidine 0.25 n5u azaelunsaezdin UiuiFuinniy 100 Sadans



o1

9. Lﬂ?ﬂummmwmmgmismﬁwiwia%Mm 0.1 uasuaa
Falnaaulnledann 24.9 nfu azarafaaiinsusuiiaaidiunga aantudfudsunnsly
gaaUfuiFuimsaunm 1000 NaaaaS
v v ‘ﬂl 1 = o a
nsmanudniuiiuiveuaesarsszarauasgulnaayluledama 0.1 ueiues
o = o & o P a
Falmunadanlalasiun (K,Cr,0,) Uszunm 0.16-0.22 nfu (Tanin1raungnmail 105
=l u‘/ Qy v < dy 1 a aa
asATaidaa 2 $alue uasiialiifululngananumy) saluiaglauyauis 500 HaAARAT ATANE
Baevinngy 25 faaans iunsalalaraaeinidindy s Asdansuazarazanainunadanlalalad 20
faaans wen iy fels 5 W aandwAninngy 100 Saaans (2en) wdalnmsasae
anrazansinaayinledains aunssiiadwmassiauatawiely il 1-2 Jaaans (Lae) was

] = °y =
11’] MIRAFABAIUAUN L\‘lu’ﬂ']\'iﬂ’ltlll‘l_l

Normality of Na,S,0, =  20.394 x tiwmtin K,Cr,0, (nx)

1Fums (4a.) 2998138288 Na,S,0,

10. wWraNaNsazAn el

1
o

o 1% 09’ nl/ [ 4 °y u‘/ [ %4 L a aa L%
il 1 nFu azarufqeinnaulanties LazmasluiInausANLAan 100 NaRARS AuNanlN

a

2 o | ] = ny v < < d‘ =l

nulsaANsalszNi 1 Ui WQIVLEIULLQZLHUVIQmﬁQN 4 IANLTRLTE R
=) aa a

11. Lﬁ]?ﬂNﬂ’]?@Zﬂqﬂ'ﬂzsﬂﬂﬂ—ﬂﬂ@tﬁ‘w@?ﬂ

NAUNTARZTFSN 300 HaaanT AaalsAaiu 200 HARAMT

12. anrazaralnwunadanlalalag (K1)
avane inunadanloaslaf Aunnfunaluindeu ((wunadauleslad dsennod 10 nfu u

n"i/ a aa < dld
U178 6 HRRART ) wnuluniie



i

NIANUIN A

agdArldanansatiulasanigias

< <
. ‘a"]ﬂa:t@ﬂﬂﬂ'ﬂﬂﬁzuqmwtﬂu@m@

1. Avmeuwnu (dnAnetRtnen)

2. Anlidaes

(ANRAILNNNALFRRENY, A13LATIZH GC)

3. ﬁﬁiﬂQLﬁthﬁﬁﬂﬂﬁ(DPPH,Tnﬂoonsocwne

—Qﬂﬂ?ni(soﬁd—phasernkxoexhacﬁon,LN&HU?uLLﬁ%@duﬁQ

2. huUNIslE AU

18,000 1

60,000 1w

100,000 uw

71 178,000 U

P PYT——
MNRUN MFHuraziaau

§18IN7

f.A. .8, 6.7, u.A. AN ﬂ.ﬂ [VURIN Wn.A ﬂ.i!. n.A. a.A. RiN
Fi']ﬂﬂu it 3.000 3..000 3.000 3,000 3,000 3,000
nu
Fi'ﬂﬁ 5,000 20,000 20,000 15,000
fat
ﬂl']’i’ﬂﬁl 10,000 30,000 10,000 10.000 20,000 10,000 10,000




AMANUIN

NANAAITUIRE



B ot o e

The 15" FOOD INNOVATION ASIA CONFERENCE 2013

“ . ~ = . —_— th th
U/- €;§3}? ﬁ,gql's\'?}!/\‘p’, FOS}TAT @ F%‘m AOAC 137 -14" June 2013
BITEC Bangna, Bangkok, Thailand

OB-8

Effect of Thai local plant extracts on stability of oil in water (O/W)
emulsion system

Pornhathai Putthawan' and Varipat Areekul*
! Faculty of Agro-Industry , King Mongkut’s Institute of Technology Ladkrabang ,10520, Thailand
" Corresponding author: kavaripa@kmitl.ac.th

Abstract

Oil-in-water (O/W) emulsions are commonly constructed in several foods, e.g. milk,
cream, mayonnaise, soups, sauces and beverages. A large contact surface of lipid droplets
makes them susceptible to lipid oxidation, therefore, the use of synthetic antioxidants are
commonly found in commercial food product. Natural antioxidants especially
phytochemicals are now highly concerned as alternative antioxidant. The aim of this research
was to investigate the potential of Thai local plants on oxidative stability of o-w emulsion

system during storage. Ten selected local plants were individually dried at 50°C, extracted
with 80% ethanol, concentrated by rotary evaporator. The extracts were added in soybean
emulsion system (30% soybean oil, 0.3% lecithin, 1% Tween 80, 0.5% xanthan gum and
phosphate buffer pH 5.4) to obtain the final concentration of 200 and 500 ppm, respectively.
The emulsion was then incubated at 35°C for 35 days. The samples were taken for chemical
analyses; Peroxide value (PV), Thiobarbituric acid (TBARS), Anisidine value (p-AV) and
induction time by Rancimat. Chemical analyses revealed that rancidity in control (no added
extracts) gradually increased during the first 14 days of storage, followed by the sharp
increase up to the end of storage. In addition, plant extracts showed different anti-oxidative
activities in o/w emulsion. At 200 ppm of plant extract in emulsion, PV, TBARS and p-AV
observed in three plant extracts; Glochidion sphaerogymum, Careya sphaerica and
Cratoxylum formosum were lower than those of control and the sample added TBHQ (100
ppm) but higher induction time were observed. When the concentration of extracts was
increased to 500 ppm, most extracts except Eleutherococus trifoliatum and Persicaria
odorata exhibited increasing preventive effect toward oxidation. In summary, Glochidon
sphaerogymum showed the highest potential anti-rancidity and could be used as alternative
natural antioxidant in o/w emulsion.

Keywords: Qil in water emulsion, Thai local plants, Anti-rancidity

Introduction
An emulsion is a mixture of two immiscible phases which one disperses in another in
the form of small spherical droplets. Two major types of food emulsions are oil-in-water

(orw) and water-in-oil (wr0) but o/w emulsions are commonly constructed in several foods,

e.g. milk, cream, mayonnaise, soups, sauces and beverages. The stability of emulsion is very
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important for the quality of food and there are two main deteriorative causes: physical and
chemical changes. Physical changes derived from an alteration in the spatial distribution or
structural organization of the molecules resulting in separation of two phases called
creaming, flocculation, coalescence, partial coalescence, phase inversion and Ostwald
ripening. On the other hand, chemical changes commonly found include oxidation and
hydrolysis, leading to unacceptable flavor and nutritional loss (McClements and Decker
2000). A large contact surface of lipid droplets makes them susceptible to lipid oxidation by
influencing the location and reactivity of prooxidative transition metals, lipid hydroperoxide,
minor lipid components, free radical scavengers and metal chelators (Frankel 1998).

Plants have been obtained much attention to be sources of bioactive substances
containing phenolics, flavonoid, coumarins, stilbenes, hydfolysable and condensed tannins,
lignins and lignans (Naczk and Shahidi 2006). Phenolics, namely gallic acid, catechin and
quercetin, showed their protective effect towards lipids oxidation in emulsions (Mattia and
others 2009). Plant extracts such as sage, thyme, lemon and catnip extracts were effective on
the oxidative stability of sunflower oil and emulsion (Abdalla and Roozen 1999). Ramful and
others (2011) reported that Fugenia pollicina leaf extract demonstrated a potential to the
maintain oxidative stability of emulsion system. The hydrophilic antioxidant (Melissa)

extract was very efficient in o/w emulsion (Poyato and others 2013). Previous research works

indicated that types of bioactive substances and their concentrations presenting in crude
extract had influenced on the oxidative stability of emulsions system. Therefore, the objective
of the present study was to investigate the potential of Thai local plants on oxidative stability
of orw emulsion system.

Materials and Methods

Plant Materials

Ten Thai local plants were selected from the Royal Project Foundation, local Chiang

Mai market and Yasothon Province.
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Table 1 Ten plant extracts selected
No. Scientific name Local name Part used
1 | Camellia sinensis (L.) Kuntze var. assamica (J.Masters) Kitam. | Miang pa Leaves
2 | Caraya sphaerica Roxb. Kradon Leaves
3 | Casternopsis inermid (Lind. Ex Wall) Benth. & Hook f Ko khao Leaves
4 | Cratoxylum formosum (JACK) Dyer spp. Tio khao Leaves
5 | Eleutherococus trifoliatum (L.) S.Y. Hu Phak paem | Stem and Leaves
6 | Ficus auriculata Lour | Duea wa Leaves
7 Glochidion sphaerogymum(MULL.Arg) Kurz . | Man Pla Leaves
8 | Persicaria odorata (Lour.) Soja’k Phak phai | Stem and Leaves
9 | Schima wallichii (D.C.) Korth | ' Talo Leaves
10 | Vaccinium sprengelii Som Pi Leaves

Preparation of Plant Extracts

Plants were dried at 50°C using a tray dryer for 20-30 hrs to obtain the moisture
content below 10%. Subsequently, each dried sample was blended with 80% ethanol (50°C)
at the ratio of 1:5 (w/v) and shaken for 8 hrs at room temperatufe. The residue was re-
extracted with the ratio of 1:3. The extracts were combined, filtered, concentrated by rotary
evaporator at 40°C and kept at —20°C. The final concentration of each extract was obtained to

400 mg/m! by diluting with 80% ethanol.

Assessment of antioxidant activity in oil-in-water emulsion

Oil in water emulsion system (30% oil) consisted of soybean oil and buffer system.
The buffer system was Tween 80 (1%), lecithin (0.3%), xanthan gum (0.5%) and sodium
azide (1 mM) in phosphate buffer (0.1 M, pH=5.4).

Oil in water emulsion was prepared. Firstly, 2.5 g of xanthan gum was mixed in the
buffer (341 ml) and stirred for 2 hrs. Secondly, each plant extract was added into 150 g of oil
to obtain the final concentration of 200 and 500 ppm. The solvent was then evaporated by
warming at 40°C for 30 min. Thirdly, 5 g of tween 80 and 1.5 g of lecithin were mixed.
Lastly, all three mixtures were mixed and homogenized at 11000 rpm for 15 min. For control
and the sample added TBHQ (100 ppm), same preparation was done by using pure solvent
and TBHQ solution instead of plant extracts.
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The emulsions were packed inlo glass bottle and stored at 35°C for 35 days. The

- samples were randomly taken and divided into 2 parts. First, samples were evaluated the

thiobarbituric acid substances (TBARS) (Mcdonal and Hutin 1987). Secondly, the samples
were kept at -20°C overnight and then thawed at room temperature and centrifuged at 9000
rpm for 15 min. After that, the upper layer or oil fraction was separated for further chemical
analyses; peroxide value (AOCS Cd 8-53), anisidine value (AOCS Cd 8-53) and induction
time by Rancimat determination (testing condition: 120°C and air flow of 20L/h) (Velasco
and other 2009)
Statistical analysis

All analysis was done in duplicate.. An analysis of variance (ANOVA) was used to
analyze the data and different plant extracts and concentrations were compared at a significance
level of 95%.
Results and Discussion
Deterrﬁination of oxidative stability

Changes during storage in the peroxide values of o/w emulsion added plant extracts at
200 ppm were investigated (Figure 1). Each plant extract showed different anti-oxidative
activities. The rates of PV formation in emulsion added plant extracts were divided into 2
groups. First, the PV values of three plant extracts; Phak phai, Phak paem and Talo, sharply
increased during storage indicating their pro-oxidant properties which speeds the oxidation
process (Azam and others 2004) Another group showed the rates of PV formation closed to
control and TBHQ. However, the rates of PV formation in the second group were indifferent
during the first 14 days of storage (p>0.05). When compared with the control and the sample
added TBHQ, the lower rates of PV formation in Man Pla, Kra don and Som Pi were
determined but the higher rate of those in Ko khao and Duea wa was observed (p<0.05). For
emulsion added 500 ppm plant extracts, the results indicated that the inhibition of formation
of hydroperoxides was improved by increasing the concentration of each extracts (data not
shown). Most extracts exhibited better preventive effect toward oxidation except Phak phai
and Phak paem (p<0.05). Similar result was noted in 6 plant extracts at high concentration
extracts resulting in enhancement of their potential anti-rancidity in sunflower oil emulsion

by Abdalla and Roozen (1998).
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Figure 1 Peroxide values of O/W emulsion added plant extracts at 200 ppm during storage

TBARS is a method for determining the secondary oxidation compounds production.
The plant extracts influenced on TBARS values during storage (Figure 2). Similar result to
PV, plants were divided into 2 groups. First, TBARS of the emulsions containing three plant
extracts; Phak phai, Phak paem and Talo, rapidly increased in TBARS value until the end of
storage. Whereas, the other seven plant extracts were indifferent value in the first week of
storage (p=>0.05). After that, only Duea wa and Ko khao extracts slightly increased value
close to control while other five extracts remained constant. In addition, Man Pla, Kradon and
Tio khao showed lower TBARS values compared with control at the end of storage (p<0.05).
Ramful and others (2011), reported that plant extracts at high levels of total phenolic, and a
comparable amount of fotal flavonoids and proanthocyanidins inhibited lipid oxidation in
30% soy bean oil emulsion. Tio khao containing chlorogenic acid showed an effectiveness
for inhibiting lipid oxidation in soy bean oil emulsion (Maisuthisakul 2006). Phomkivon
(2009) also reported that Man Pla, Tio khao and Kradon extracts showed high DPPH radical
scavenging. The same results were observed when the concentration of extracts in emulsion
was 500 ppm (data not shown). Moreover, emulsion with 500 ppm extracts had lower
TBARS values than that with 200 ppm extracts indicating the more plant concentration the

more antioxidative effect.
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Figure 2 TBARS values of O/W emulsion added plant extracts at 200 ppm during storage

The aldehydes, secondary oxidation products, are measured using the p-AV method.
The results are presented in Figure 3. It was found that p-AV of all samples were gradually
increasing during storage. Four plants; Man Pla, Miang pa, Kradon and Tio khao showed
significantly lower p-AV values compared to control (p<0.05). The results indicated that
those plant extracts had high potential anti-rancidity. However, the rates of p-AV formation
were lower compared to those of PV and TBARS formation. A same result was observed
when plant extracts increased to 500 ppm in emulsion (data not shown). However, when
comparing in the same plant extract, the p-AV value of emulsion added 500 ppm extracts
showed lower value compared with that added 200 ppm. The results also confirmed the

potential of plant extracts for retarding lipid oxidation in emulsion.
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Figure 3 Anisidine value (p-AYV) of O/W emulsion added plant extracts at 200 ppm during storage

Oxidation stability was measured by Rancimat presenting in induction time (h). At
concentration of 200 ppm, each extract showed different oxidation stability at the end of
storage varying from 2.23 — 2.98 h while TBHQ and control were equal to 3.14 and 2.84 h,
respectively (Figure 4). The induction time of Phak phai, Phak paem and Talo had lower
value than that of control (p<0.05) indicating their less effective oxidation stability.
Moreover, the induction times of Kradon and Man Pla were not significant difference
compared to control and TBHQ (p>0.05). At 500 ppm of the extracts in emulsion, most
extracts; Tio khao, Kradon, Som Pi, Talo and Miang pa had higher induction time than those
of 200 ppm of each extracts. However, only Man Pla extract had higher induction time than
TBHQ (p<0.05).
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Fig 4 Rancimat induction time of O/W emulsion added plant extracts at 200 ppm at 35 days of storage.

In conclusion, the ability of plant extracts in retarding lipid oxidation in o/w emulsion
depends not only on types of plants but also their concentratioh. Increasing concentration
could enhance preventive effect toward oxidation. In our study, Man Pla extract showed the
highest potential anti-rancidity, therefore further experiment will be done on the effect of pH
and temperature on its stability.
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Abstract

Introduction and Objective: Plants have obtained much attention to be sources
of bioactive substances comprised of phenolic , flavonoid, carotenoid and others. Mostly
plants exhibit wide beneficial health benefits including antioxidant, anti-mutagens, anti-
carcinogens, skin protection against UV-mediate oxidative damage and also anti-propagation
of lipid oxidative chain reaction.

Thai local plants have traditionally been consumed as vegetables and some have been
used as medicine. However, their scientific information is limited. Therefore, the aim of this
study was designed for evaluating antioxidant activity of edible Thai local plants in order to
determine the potential plants as an alternative sources of antioxidants.

Methods: The twenty-five edible Thai local plants were collected from Chiang Mai
province. Plants were dried at 50 °C. After that each dried sample was blended and twice
extracted with 80% ethanol 50 °C at the ratio of 1:5 and 1:3 (w/v) respectively and shaken
for 8 hrs. The extracts were filtered, evaporated at 40 °C and kept in the freezer at —-20°C.
The extracts, then were diluted to obtain the final concentration of 100ug/ ml and
subsequently, evaluated their total phenolic content (TPC), DPPH scavenging assay (DPPH)
and ferric reducing antioxidant power (FRAP) The TPC data reported as micrograms of
gallic acid equivalence (GAE)/ml while DPPH and FRAP expressed as microgram of trolox
equivalence (TE) /ml. '

Results: There are statistically significant difference among tested samples (p<0.05).
The results showed that, their total phenolic contents (TPC) ranged from 23.97 - 1,448 ug
GAE/ml with the highest amount in Glochidion sphaerogymum extract. In addition, FRAP
ranged from 45.50 — 467.2 pg TE/ml while DPPH varied from 0.930-124.8 pg TE/ml. The
extract of Castanopsis inermis exhibited the highest value in both antioxidant activity assays.

Conclusion : This preliminary study indicated that there are difference in TPC and
antioxidant activity. Two plants; G. sphaerogymum and C. inermis extracts might be
considered as a high potential sources of TPC and antioxidant activity, respectively. The
further work is needed for studying their stability and identification.

Keywords: Edible Thai Local Plants, Antioxidant activity, Total phenolic content

1. Introduction

Plants have obtained much attention
to be sources of bioactive substances
containing phenolics, flavonoid, coumarins,
stilbenes, hydrolysable and condensed
tannins, lignins and lignans [1]. Mostly
plants exhibit wide beneficial health benefits
including antioxidant, anti-mutagens, anti-

carcinogens, skin protection against UV-
mediate oxidative damage and also anti-
propagation of lipid oxidative chain reaction
[2]. Antioxidants play an important role in
defending the body against free radicals
damage. Antioxidants refer to a group of
compounds especially,. phenolic compounds
are well known to exhibit antioxidant



activity through a variety of mechanisms
that are ablc to delay or inhibit the oxidation
of lipids or other biomolecules and thus,
prevent or repair the damage of the body
cells that is caused by oxygen [3]; [4].

Thai local plants have traditionally
been consumed as vegetables and some have
been used as medicine. Dewanjee et al.,[5].
reported that Schima wallichill have the
potential anthelmintic activity , Glochidion
sphaerogymum  extract established  for
against selected leukemia cell lines [6].
However, their scientific information is
limited. Some reports showed that possible
correlations between floral origin and
phenolic content. The composition of active
components in plant depends on various
factors, such as plant source, climatic and
geographical conditions. Therefore, the aim
of this study was designed for the evaluation
of antioxidant activity edible Thai local
plants from Chiang Mai province in order to
determine the potential plants as an
alternative sources of antioxidants.

2. Objective

The aim of this study was designed
for the evaluation of antioxidant to
determine the potential plants as an
alternative sources of antioxidants.
3.Methods
3.1 Plant materialsm

The twenty-five edible Thai local
plants were collected from Angkhang
Agricultural Station and local Chiang Mai
market.

3.2 Chemical

All chemicals used were of at least
analytical grade. 2,2°-Azinobis (3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS),
2,2-diphenyl-1-picryhydrazyl radical
(DPPH), 2, 4,6-tripyridyl-s-triazine (TPTZ),
ascorbic acid and  6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid
(Trolox) were obtained from Sigma
Chemicals Co. (St. Louis, MO, USA).
Folin—Ciocalteu reagent and sodium
. carbonate were purchased from Carlo Erba
Reagenti  SpA  (Rodano, Italy). Iron
(IlT)chloride "hydrate ~was  obtained from
Fisher -Scientific (Leicestershire, UK) .and
gallic acid was purchased from Fluka
Chemical (Buchs, Switzerland)

3.3 Extraction

Plants were dried at 50 °C by tray
dryer for about 20-30 hrs depending on type
of plants. After that, each dried sample was
blended with 80% ethanol (50 °C) at the ratio
1:5 and shaken for 8 hrs at room
temperature and repeated extraction method
were done with 1:3 (w/v). The extracts were
filtered, concentrated by rotary evaporator at
40 °C and kept in the freezer at —20°C. All
extracts were diluted to obtain the final
concentration of 100pg/ ml.

3.4 Determination of total phenolic
content (TPC)

TPC was determined using Folin-
Ciocalteu method with some modification.
Briefly [7], each extracts (250 pl) take in
96 well plates. Afterwards, 12.5 pl Folin—
Ciocalteu reagent and 50 pl of 10% sodium
carbonate were added. The extracts were
then placed in the dark for 10 min and
measured by microplate reader at 695 nm.
The results were shown as milligrams of
gallic acid equivalence (GAE)ml of
extracts.

3.5 Ferric-reducing antioxidant power
assay (FRAP)

The procedure described by Benzie
and Strain (1996) was used with minor
modification [8]. Briefly, the extracts (10 ul)
were mixed with 300 ml of FRAP solution
in 96 well plates , then kept for 8 min and
measured by microplate reader at 595 nm.
The results were expressed as milligrams
Trolox equivalence /ml of extracts.

3.6 DPPH free radical-scavenging
assay

The method of Brand-Williams et
al., [9] was adopted for evaluating the free
radical scavenging with little modification.
Briefly, 70ul of each extract was mixed with
210 ml of 0.2 mM DPPH in 96 well plates
and then placed in the dark for 30 min. The
absorbance measured 520 nm using
microplate reader. The different of DPPH
radical scavenging activity of each plant
extracts was calculated from

ADPPH = Ag- A
Ag; is the-initial absorbance.of DPPH
A, is the absorbance of the DPPH solution
containing plant extracts



The result reported as milligrams Trolox
equivalence/ ml of extracts.
3.7 Statistical analysis

All results were obtained in triplicate
and data were expressed as mean * standard
deviation. Analysis of variance was
performed by ANOVA test. Significant
differences between means were determined
by Duncan multiple range test (DMRT)
comparison test at a level of P < 0.05 were
established by SPSS software program.
Correlations were obtained byPearson’s
correlation  coefficient (r) in bivariate
linear correlations. Principle component
analysis (PCA) was used to classify the
sample by R program version 2.15.1 (2012-
06-22).
4. Results and Discussion
4.1 Total phenolic content

Total phenolic content contains
various compound  groups; alkaloids,
flavone, saponin, triterpenes/steroids. Each
of extract has different compounds result in
effective of them. As shown in Table 1,
there were significant differences (p < 0.05)
among the types of extracts. They ranged
from 23.97 to 1448 pg GAE/ml. The G.
sphaerogymum extract gave the highest
TPC content followed by C. inermis, C.
sinensis , C. cochinense and S .wallichill
extract respectively. Some reports showed C.
sinensis and S. wallichil had high TPC and
S. wallichil extract corresponding, saponin
and steroid.[10]; [11];.C. cochinense extract
had high TPC and contained mostly
mangiferin. [12].
4.2 Antioxidant Activity

Antioxidant activities were exhibited
by FRAP and DPPH. The results showed
that the extracts had a wide ranging ferric
reducing antioxidant power (FRAP) of
24.78-467.2 pg TE/ml. The FRAP assay for
different types increased in the order:
C.inermis < G.  sphaerogymum <
C.sinensisand < S. wallichill < E. trifoliatum
< C. cochinense extracts. DPPH assay used
for determination of free radical scavenging
activity ranging of 1.540-124.8 pg TE/ml.)
The ' results 'showed *'similar ' trend " FRAP
assay.  -Kshirsagar -and  Upadhyay[13]
reported that S. wallichill had the most
content -of ‘DPPH ractivity and, also E.
trifoliatum  founded that, there was high

antioxidant activities (Park et al.,) [14].

Molstly, extracts were higher DPPH when
FRAP increased. [ncontrast, some extracts
exhibited high FRAP but low DPPH such
as B.asiatica, E. trifoliatum, t. clliata and V.
sprengelil.
4.3 Correlation of TPC with antioxidant
activities

[n this study, there were moderately
strong correlation coefficients (r) between
studied parameter TPC, FRAP and DPPH in
the twenty-five edible Thai local plants
(Table2). The correlation between the free
radical scavenging activity and total
phenolic content was the most statistically
significant; the correlation coefficient was
equal to 0.93 followed by TPC and FRAP
(r=0.82). The relation between two methods
for determination of antioxidant activity,
FRAP and DPPH, was also significant, with
a correlation coefficient equal to 0.76. The
results indicated that phenolics are one of
the main components responsible for the
antioxidant activities of extracts which can
be seen high amount of TPC tend to
increase FRAP and DPPH content.
4.4 Principle component analysis (PCA)

Based on principle component
analysis (PCA) was applied to reveal pattern
in the data. Fig.2 presents the bidimentional
score of sample studied. PCl1 and PC2
explained 88.7% and 0.5% of the total
variance. This data divided into 5 main
groups which were separated by TPC, FRAP
and DPPH. Especially, C. inermis , G
sphaerogymum and  S.wallichill showed high
score of plot. The data indicate that different
of plant extracts regarding antioxidants and
total phenolic content.

Indvicuals tactor map (PCA)
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Figure 1 Principle Components Analysis illustrating
separation of groups (TPC,FRAP and DPPH)



Table 1 Antioxidant activities and total phenolic content of twenty-five edible Thai local plant

Botanical and Local name Part used TPC FRAP DPPH
(ng GAE/ml) (ng Trolox/ml) (ugTrolox/ml)
a oleraceae (L.) RK. Jansen Leaves 36.07°+1.99 | 225.97°+13.77 14.5°+0.49
ira sp. Stem and leaves | 103.92°:2.88 | 232.81°°+4.09 4.82°°+0.27
alba L.alba Flowers 54.67°2.09 53.45°45.38 1.89%+0.11
ia nervosa (Wall.ex Benth.) Baker Leaves 39.05°+5.29 45.5°£3.00 1.54°+0.32
ja asiatica Lour Stern and leaves | 255.367£6.91 | 257.57°'£16.31 12.08°+0.19
ia sinensis (L.) Kuntze var. assamica Leaves 720.567+8.26 | 378.497+5.62 60.40"£6.62
ters) Kitam.
opsis inermis (Lind. Ex Wall) Benth. & Hook.f Leaves 1232.49422.08 | 467.20°+13.80 124.81'0.35
endrum colebrookianum Walp Leaves 19166+3.98 | 51.76°+4.96 11.18'£0.27
ylum cochinense Bl. Leaves 584.88'9.71 286'+5.40 11.30'£0.63
a australis Stem and leaves | 157.86°3.46 | 242.77*+13.21 5.07°°0.05
fum esculentum (Retz.) SW Stem and leaves | 127.30°%0.74 | 220.94°£12.26 1.36™+0.1
erococus trifoliatum (L.) S.Y. Hu Stem and leaves | 478.62°412.42 | 293.41'+19.42 12.11°£0.79
ia sessiliflora Leaves 409.0044.79 | 220.79°°414.46 9.43740.25
auriculata Lour Leaves 210.27°+7.88 | 208.86°3.20 7.25%1.04
?7":" Slﬁf;aerogymum (MULL.Arg) Kurz Leaves 1448 3'+17.39 | 414.53'6.15 100.91%+3.32
e nodoraam (LouF) Decre Leaves 54.08°+2.29 52.73°+0.43 1.95°+0.11
temma pentaphyllum (Thunb.ex Murray) Makio Stem 31.02°+1.84 54.17°+2.13 2.18"°+0.21
a adhatoda L. Leaves 63.06°+3.74 49.07°+4.35 0.93°£0.13
melum minutum Wight&Am Leaves 169.32°t5.28 | 24.78°°6.96 9.39°+0.76
aria odorata (Lour.) Soja’k odorata Leaves 791.11+9.5 | 264.60%+11.24 11.13'£1.02
a wallichill (D.C) Korth.wallichill Leaves 1103.6°12.04 | 345.03'¢18.24 89.69'+3.19
 Ciliata M.Roem (Cedrela Toona Roxb.) Leaves 251.19"+6.17 | 270.08"11.22 9.87°0.32
own 1 Leaves 1138°+14 325.69°+3.88 68.54'+1.09
own Leaves 23.97°+1.07 52.55°+3.38 11.61°+1.68
wium sprengelii Leaves 327.2547.43 | 261.76"+5.00 11.26+0.53

Table 2 Correlation coefficient (#) between studied parameters (TPC, DPPH and FRAP) of the twenty-five

edible Thai local plant extracts (P < 0.01)

TPC DPPH FRAP
FRAP 0.82. 0.76
DPPH 0.93 -




5. Conclusion

The data have demonstrated the
wide range of total phenolic content and
antioxidant activities among different
species commonly found in Chiang Mai
province. There were a strong correlation
coefficient between TPC and DPPH
(r=0.93) and also TPC and FRAP (r=0.82).
This study indicated that polyphenols
from edible plant extracts were responsible
for the antioxidant activities. Two plants;
G.sphaerogymum and C. inermis extract
had the highest TPC and antioxidant
activities might be considered as a high
potential sources of natural antioxidant.
The further work is needed for studying
their  stability and identificatation
compounds.
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