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Abstract

Yanang (Tiliacora triandra) is known as vegetable and herbal in the northeast of
Thailand. This work investigated bioactive compounds of Yanang extracts which were
prepared by infusion with water, ethanol and acetone. The study of bioactivity of Yanang
extracts found that the extraction with water is appropriate application. Antioxidant activities
and total phenolic content of all three extracts were evaluated using DPPH, ABTS, FRAP
assays and the Folin-Ciocalteu method. It was found that Yanang water crude extract
showed the highest total phenolic content. In addition, Yanang water crude extract
displayed the highest antioxidant activities determined by DPPH assay, ABTS assay and
FRAP assay. All crude extracts were subsequently investigated for their cytotoxicity in
Caco-2 cell lines. The low toxicity was indicated at concentrations higher than 100 ug/ml for
all crude extracts, which would be the index for further recommended concentration use.
Yanang water crude extract exhibited antimutagenic activity. Furthermore, this paper reports
a designed of experimental for optimizing Yanang encapsulation using three independent
variables: the ratio of core material (Yanang) to wall material (gum arabic), gum arabic
concentration and inlet temperature of spray drying on bioactive compounds stability. The
stability of bioactive compounds was evaluated by phenolic compounds, total antioxidant,
carotenoids and chlorophyll. The study demonstrated that gum arabic, as coating agents,
protected bioactive compounds of Yanang. Optimized condition for the encapsulation was at
the ratio of core to wall 1:4 in gum arabic concentration 10% (w/v) and inlet temperature at
160°C. The results show that the bioactive compounds were mainly affected by the ratio of
core to wall material. Besides, moisture content and particle size of encapsulation depend
on inlet temperature of spray drying and gum arabic concentration, respectively. This

optimization reveals that encapsulation process did not lose the bioactive compounds.

Keywords: Yanang, Tiliacora ftriandra, Microncapsulation, Bioactive compounds,

Cytotoxicity, Antimutagenicity
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Larsen, 1991)

AN 21 anemelugiwg



= : .
fN1319N 2.1 ﬂﬂm’WﬂdIﬂ“H%’Wﬂ’]‘i"ﬂ@dlU I

amam9lnzuinig 3amaa 100 nTua18819
WRII 95 Alaunaa3
\dule 7.9 n3u
TGEIGHEY 155 faanIu
WasWadw 11 AN
AN 7 faan3u
AAnd1 0.3 fadnu
Ianfind 2 3.6 Naaniu
Tuondu 14 Jadnsu
AaAuD 141 aanu
Tus6u 15.5 nsu
aslulaiase 16.6 faans
Lwen-ua l5fin 0.64 NadnTu
Twunadeu 1.29 nsu

acid detergent fiber (ADF) 33.7 N3
neutral detergent fiber (NDF) 46.8 N3
digestible dry matter (DMD) 62.0 nu

UN bbb 210 aanu

fian: daudasann nssinas (2553) msad (2553) waz Tam (2553)

qmﬂizimﬁmwwwaomma Iumm\‘iﬁaﬁwqmmamﬁa JsrTGaautnIaaun
A o A a 56 A o v o '
wazaanIau Wasudszmuirainazignslunisnauinwld ui ldaraw ludrwedsznayly
ALLEWLE uanmﬂﬁﬁ'\iﬁLmaL%ﬂmmﬁmﬁu%auﬁnga daulmwna’wmaﬁmmqmmam
A a A I & A Q| o ' o
fa Hvsdauazay srwrtnltautdusrinann e lusinludrwrsdsznavlddrusns
> 6 a A I dl % € 1 (3 a A aa a A Aa
aannaasaratsThadalurnIn il lumidasnsmetsznavlddne Asulastn nisolasn
=3 a A s v 1 1 d 1

wazunasnisulasin uanmnmumuﬁmmmammma:ln‘*ﬁmmimaam‘ma TIHTUN
mmmﬁmﬂdaumlfﬂiﬂmﬂﬁ laidnazdwly 101 wa vIavaadan wdawluIaioNYn
1 1 gj 2/ ‘ﬂl 1 1 ] v A ] v | v
sulugwsunauaiiiedysemisdszinndisg 1w WNIniia lal masqﬂ%ua"l,u L
smﬁ'&gmmmﬂnmmmimaalushmawm"] Ysunamasmindnnuasiiuainlaatanle
lugung fe @l waatBon wan Wwa-ualshin uasianTuie LEaInIaIT19n 2.1 (38N,
2553)
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\ a | Aa € & a av A A o o
tusfigudrmalazunishiidsslomidainine nansiinuwiseiineidasiy
nslfuszlomivastiunadnean Nanasombat uaz Teckchuen (2009) lddnmansdnugdun
3¢ (antimicrobial) CRRAVE PR ERL LRZRITOWNANTINNNILAAULLT (anticancer activities)
v a ] £ ' < o
Tuayulwsviasdiuvasing wudr aseengninsdinmanmndunaussdaaaasduaz
@ o @ { ° v A £ o Aa . .
VL@Lwﬂmiaﬂ@aamaami(l,ﬁaml%quwﬁmm% column chromatography &g crystallization
techniques Tunsdns lassansalsinafia NMR (nuclear magnetic resonance) W131 813
£ 1 A aa A a -
aangndnITIwlusndgusha  Aiselasiu uazfiisolasu (Sain & Markmee, 2003)
NUNIIMIANEENTEU MRS (antimalarial activity) lw&3anaanTINEIwINNKAGe
Plasmodium falciparum wuin Walfiihlumsana snsanaannnngiwsdanususalunns
¢a¢1%  Plasmodium falciparum e (Pavanand et al, 1989) wazgINnIAN BV
. A o & A o \ A o o & '
Sireeratawong et al. (2008) LAINUANULD WA BVBIRITRNAIINTINLIWNNENAA LWL
ssananaNududu 5000 Hadniudeilaninvasiwindmunaseslinanuduisde
Wik
o v
sy lwslwsdidanuiudiwsiiogdnnassiia udazriauuiiasmweigmniom

nf A ¥ o ! v 3; L a [} ~
aﬁqnmauwﬂm Lﬂuﬁl”m']‘g(ﬁ’]dﬂ']ﬂ ﬂ%aLLNﬂiz‘ﬂ{iLﬂ%ﬂ’]i&‘]lla']ﬂ']iﬂ')(ﬂ AINETW VBICLNG

A

ITaneinsnaaasae Tinospora crispa Miers. 5@8%11%’30?7 Menispermaceae Nanuwmeidu
=) A A v [ v I
nEmLnumMied Imp7rer Wisnionuwsannaenaanld lusllddaudiem gl
sl eendvwaianilioreuinied innvasuasziNailianIIeuLTa picroretin WaNINUL

o A o . . A . o A . A A
gIUR1IIININ diter penoid T8 tinosporan EIWUINNRIIUILLAN amine 2 THa Ad N-trans-
feruloyl tyramine waz N-cis-feruloyl tyramine uazanyUsznaufuedn landassngunisende
Tfihdaamssawnie naudsld lsaneinumadudasi: wasuiaInIangy wenand
v Aa o ad s & . aA A &A .
Gafgatr A uaawlnsluaad Menispermaceae  lanlizanainueaaida Tinospora
cordifolia (Willd.) Miers. Janwaztduionuds Isnermesanauian iwasndiianadwm
luidugusiala ngwluiiduing aansanszwirelunazdrdu wudr innvesdsfrmadans
Y ea A A A v a A A a v A a
damassandarswgmnee Aluvesdstrmanudy SUTunmlldugs uazdiluanfouua:
Waanaiadin xrswgunisunda lfdaeinsdeninie naudld IsaAsanuniain
dasiz ui laina13e anensaniay uaziduensziveimaivihald ayulwsdnofianiien
, & . A = A A a e .
a%ﬂ‘mx‘lﬂ Menispermaceae a8 YJHhLAID lasfiTansinermaasae Arcangelisia flava
. A o & Aa & = & vAaA A =~ A A [ &
(Linn.) Merr. Sansaaduionniiionds e ldlifndes lwanvesiiveialansoaniassq
A . = a @ [% o o
790 berberine TIUFTINGUNILNAD Uy uia1MIVBIRY 21Nadde wazuiliad
g1l wananidafiiaTanuiiasnianyaaun Ndaegluidd Menispermaceae Ta
Inenenaas Cissampelos pareira Linn fianwaiduldionfey lud suseludugdiala
lauluwuududa lundng 5.6-6.6 LTUAWNAT 817 6.9-7.6 LoudNas Wi luwasnaslulung
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#reasdszunm 1 Uaauas ﬂﬂﬂqwmuulu %é’aluﬁmuﬂﬂﬂqwmuuumnﬂdmﬁﬂu
AMuludaned 1.7-2.5 1 ouwdluas @aﬂéﬁ@mtxé”uﬁmﬂumzﬁ;ﬂﬁmw’nﬂszmm 0.2-0.5
Faaas vauluiSey vaadawFiNaawad WLAFALNTY Mwlug1l 0.4-0.6 LTWALNAT Ban
aanNuaanIalaang Tananil 4-5 @an 87172 6.0-6.5 LTUALNAT ADNLALLININNNY VWA
& A A = o A o ¢ &4 & v ew a A , , A
WNRDEY WAALAY (IR unszaunsaTaFen) PINUNUTEILLURAVITONUD WU TuaSanun
$osURIIFIAYNALBLIILTY cissampareine, curine, cycleanine, daijisong, B-cyclanoline,
dehydrodicentrine, hayatidine, hayatire, insularine L@ isochonodendrine aiinmm\‘]qu
NneTanintesda Mauilasni: wild wazidusndne @awlwly Wwedwaunely 1
MEUANINHNARION (IBATNT, 2539)
o A e o A Ag o & \ ~ [ \
muaaguvlw31uaaﬂauan%awﬂ%aﬁwuwl"ﬁﬂiﬂwumnluLﬁuL@mﬂulumma
mmmwﬂﬁﬁﬂﬂlunﬂgﬁmﬂﬂs:mﬂvl‘n51 HNAIDENILTY BULRD  NTaNAINLeRasA
Chromolaena odoratum (L.) %’@a;ﬂmaﬁ Compositae ﬁé’ﬂmmzl,ﬂu"lﬁﬁuqﬂ ﬁm&qll,ﬁm 19
o a g; A' U weR 1 U ai s 1 =1 I |dla
1OUAINTI WANNINY gmvl,@m 1.5 LUAT nﬂmumamﬂwmmmaauwu IULﬂugﬂ"lmﬂwa
= LA ' A A a A o
luflon aandadv1iwnuuld luanuiReiians tetramethoxyflavone  wazwaatdoy Gavinlily
muLﬁaﬁaiswqmiuﬂﬂsawwuLLwaLLazﬁmLﬁa@ R1IRNAN LlaNNNIIRNAGILARa LTWATH
wazarBlaundualunisdudsnisaigidvlavesuuaftiioniduainguasnisiianuas
o oa o Aa = o A a [ @ aA
uanmnumﬂumun‘mminmmam Sﬁﬂuﬂaquuuwuﬂnﬂnumn lutuniizanis
Ineneaasna Centella asiatica (L.) Urb. a%isl,moﬁ Umbeliifirae (udrdugnidangnansll
P F oo oA oA e L r B
WRaauN llauNuaw WululReaae) 1Te9aaL gﬂvl,@ aanilluta aanaannoanly TWIALAN
= A [ A = o k4 v
2-3 @an NAUAANFNI luravaIsNITaTnE sl nies 1Suae Yaulu nzriuiin aa'la
o o o a o A A9 o & A A aa a &
WUIRRNIZ WAzUATTILEE UGN&&!%VLWSﬂI”ﬁﬂSZIEJﬁuﬁ]WﬂIUaﬂﬂa Qﬂsl,@ﬂu FTan9ineeaas
fa Phyllanthus amarus Schum. 5@18%&%’305 Phyllanthaceae LﬂuvlﬁéﬁJQﬂ luidesosaaulu
= Qs =} A & 1 =} = A a Y
seuaenu JdmIeglreurwiu asniutefuwis Jarswamnisunde AN TN
38029 nulsa Uhavias G iaaie da wazun ko le (ﬁﬁﬁfm’miagaayﬂwaﬁ, 2547)

< Lo o
2.2 gsaangnsneiinwndran lwis
£ a & P A v £ & A '

sseangninniinmidussiwuninluisdnuaznald Faduansnegly

5730118 Usznav llaruaInanania Lt miéﬁua%aamz g1Usznauiuadn  walsn
6 A 6 a a a & % & ] n}lw a € 1 1 & a

#oUe AaalINas wasdeiud uwdn Fesnanaiarnilszlumidatienie was iy

2.2.1 mm”’m@gyaﬁm

AeaINminndudmIadadulitonaenBiatunIoaINaINNINIINL LS
faszaananeniele s1venwaandiaTwiwuluiNelenn 3a10ud wen-ualsnw Jeaniud
wannidaliassznauiuedn uszaningunanliuesd (Flavonoids) (unguaassnsdiu
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auyadaszfithaula (F@nud, 2551; Bae & Suh, 2007) &ehvhldasdueandiaduiianu

mauhﬁaauﬁalumm@é’umwmnﬂawa%mzslm"mmﬂmwﬁl,l,azﬁaﬂaaﬁuﬁumwmn
> { Yo A g; ¥ =) QU Qs v a 1

"lwuﬁmgwﬂmumnmms Gmmaaaﬂ‘sﬂﬁm@mﬂmﬂmumsmua%aam:mmmaa

FIINTNA (Molyneux, 2004)

dlda (<3

a . 2 ~ A A \ £
auyadasz (free radical) nuNBD Tmaqamamnmaummvxuamamnmmm
t:lldn =3 t:ll 1 v a a aaa L dl U
Imaqa mimlaLaﬂmam@mawalmggaaaszmm‘mm@ﬂgﬂ‘smﬂﬂmaqaau%
dl a o va & n:i dld A dl dl
Luaamﬂawaamzwmmuml%aLaﬂmaummwuagm@mmauqahﬂlﬂmaqaau Bh
=) s Qs { =) v v { g 1 v A a QI J
a%aaai:ﬁmﬂu‘[wLaqaﬁuﬁ]an@ﬂﬁiasﬂaIﬂiaa*mL%awﬂu awalvxm@a%aamuwumnmu
. Aa a a & = a s a
(Wildman, 2007) awaaai:l,ﬂ@mﬂmn%mmanmaumﬁaaﬂmﬁ]mﬂumaaﬂﬁﬁvl,m?
e a v ' : . 1 A A a
(oxidizing agents) I@ﬂaaﬂmwmadagluam’ama (singlet oxygen ; O,) TinanFLanilné
(ground state ; O,) agiluamanald udiladumanfindazvildeandiaudndnanoiu
AONTLAWIUFNIIZLI T,@ULLENmﬁ@]sTﬁJzﬁﬂﬁSLﬁﬂmauﬁagjuaﬂqmaaaaﬂs‘fnamﬁ@mimgu
o v a 1 o Aaaa Q dl U dl nﬂl a
ml%aaﬂmwluam’szmmmmmﬂgﬂsmﬂﬂuLaqaauvl,m'm Luaamrﬂmaqaauu
A& d' a 1Y A& c.i A = o a = o v A
amnmammmsmugnual,aﬂmau‘nm;wnaaaanmw"l@ﬂ@mvl,umamﬂ@ aamlmn@a%a
o X
DRIZUU
° o Aa P @ & A o @ ~a
mimmmlaamsmuamg;&aaas:mnaimwLﬂumswﬂaaﬂumwmaﬂmmlad
aan a % 9 o a & A 1 o a
Imaqamﬂﬂgmmaanmmuﬁa Ha9nuwm I AaTwUBIaaNTLARIWEANIZLTY TNIRaanTLa
luamauiaﬁauﬁa:ﬁ‘i’uﬁ'ﬂuLaqama%amw 1asaaANLTILIIVAIADNTLIUIUFNNIZLT
%%ma’%um’muﬁaujwaﬂmaqama%‘amw HONINNWWEIFNIINVN IR DO NTLAWIUFNNIZLT
Taiaunsnlasuutasldlugn1zandnle snurTndanusuaNuFIRILNIANIINaNTLAWIL
AR EARE LLazmmmﬂ%'uamwLn@'5@3wlﬁmm:ﬁm%’umiﬁwmmaomiﬁma%aamzaam
FUzANTA N I@Uﬁﬂﬁmsﬁma%a@mzmmsn%’uﬁ'ﬂaaaumaﬂamﬁﬁmwmmmlu
) Aa f 2+ o ) ¥ o o A o & Aaaa &
MIgIUYABEIT LTU Fe 16 (wildman, 2007) wananfigefinirnlunsduasd fAzenam
wInvasMItnalnsu1aanGiatu I@ﬂ%’ﬂﬁua%aﬁmz Wi laasanda (hydroxyl radical)
%) Q =1 & s 1 aana o =) Qs { v /a Aaa =Y L g;
sunulessusesnandaduaisslnizen iaondanmain laandjizenssnFrasuduusn
(primary product) uazvianewuse lalasianvasaiasduiazaansaiialjisonaandiatu
& (Shahidi, 1997)
nalnalunisiiadisoneandiatulsznauluars vuusndudifitasu (initiation)
AT INTNUNTU (propagation) uazlufiauinasiugi (termination) luvmenauyadas:
a 3 gj a aa L =Y aAaa 1 =Y = = =Y IQI =
Nadulurnduifetn (L*) fezfedfisorseninveandiawnuna lvdusie  liduad
4 s aea .
(unsaturated fatty acid) T9azvilAifaluianavalalaniwaiaan’ad (hydroperoxide) (LOO®)
g; % > g; g: % o v a { =) ; o
T I NI WAL N T %aamnuﬂmﬂquLﬂmu%:mlvﬁLn@mwaaawaﬁLﬂ(ﬂmmmzﬁ]zm
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Ujitenuesauiaduslsznavlninunduenysdas: djionaznyandlusuinasi
LU (Shahidi, 1997) LEAIAINTNN 2.2

Initiator

Initiation: LH —>» L°

Propagation:—> L*®*+ 02— > LOO"*

LOO® + LH——>»LOOH +L* —

Termination: LOO® + LOO*—»
LOO®* +L®* —» non - radical products

L*+L® ——>

nMwn 2.2 Uhiseneandiatis (Shahidi, 1997)

sduenyadazazid il fiTendvenyadassluzulnanndu  lawiida
a 1 A s [ dl < 0/ 1 aaa
sandanlugnzsiviasunulasanveslansniduaasslfisen lasnslilalasianazaawy
va & 1 a d a b a IAI e &

(H*)  wial#Bidnaveunneyyadarziiiaannialudusfialidud Ssmurinozaenis
fiadjitoneendiatuld uaasdanind 2.3 dauluininiovesauysdaunadaszanaas
a @ o o oA = g A ) @ & o o
Wgadasnulsansnianisuialivasiiade wiu Jaa vals wasaidaaials la au szuy
N1LAUEINIT TTULLREA RIUAT RIS NaINLIe sruudszann uasszuutuane (udu
Ujismneandiatuuszauyadarduaungnanivhliiiaanuiadndlasiiaanaandian
1 waznIa udusia hiduainelusanie (Shahidi, 1997)

LOO*+AH ——»» LOOH + A*

A®* +LO0* —
non — radical products
A+ A° — >

AN 2.3 MIMNUVDIT IO UNADFIE (Shahidi, 1997)

sIdweuNaaEinalizian Forzldnnadrenernsluaimstsznn g
W30 T% uneIatNILTY msﬁmmma'émzé’amﬁ:ﬁ Gessaaaszinaouldde
f13U3znay Awafn L% butylated hydroxyanisol (BHA), butylated hydroxytoluene (BHT),
tertiary butyhydroquinone (TBHQ) waznIan1an (gallic acid) tduaw srvdsznauiwadn

2
Py %

é’ame:ﬁmmmﬂ%'uﬂgamﬂumé‘hm 29 M WHULAZENNW LA FINNNITANBINHIBNINITLE Y
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f1IUsznauAnafnaIA T RTauas 0.02 TunRan i Nidw luiwnsatinanainarinlwainuas
[-% a Q J Y a = g/ = { v { U
AIVDINRAN U AU WANITNHRNENN N U3 WA LA ANTNANTLT TBHQ, BHA 1z BHT
[ v 2/ = ™ ‘3‘ { v v a { U

mmsmnUlﬂumuﬁ%ﬁmmmmmnmmﬁagnmmsau msmuawaaas:ﬁ%mnms
o 6 A L% 1 1 é’
FILATIZHIINNIT TR ENIUNIHA L UINU

uanmnﬁmiﬁmmgga%aizﬁawua;Jiluﬁsiumammuuﬁa Taglaainislu

o A ' [ o & o & a Aa o
ASITAULT U mssumuua:mﬂmmﬁmﬂwﬂunwsmmm:nLua a1 o& LLazmmsm"quqa
miéﬁumggaﬁmzmnﬁﬁwm@wuluﬁ%nﬂmﬁ@ lugﬁuw%yf L Ta31 waziiatdasgal
aAa \ o a A ~ a o & \
m‘s'ﬂi:ﬂaummﬂluﬂqumimua%aaai:ﬂamiﬂs:ﬂaUWuaaﬂ wananiidgadunga In
la#lsaa (tocopherols) Waluesd waznsaNuadn (phenolic acid) (Pokorny et al., 2000)
o v a J @ Q [} e U
MIwII IR UNABETE IR N URA BT TULTY qmaummaﬂmaasw
v =) =) a Aaa =) aaAaa { =) J

GRRURIIRIEGERE awaansnlunistialjaseadl sautshievesd jiseniiiadu
uanNgIladudu9an 15u anududuress i weuyadas: gunndl uad siiaues
auyndaTr NNAIENHUENIMEAWTIRULLATeN Tadunilanuddyaaninudiean
1@@9#t (Pokorny et al., 2000)

(1) J33uN19NIBAIN LT panFlauiiinnuaugs AuniaNauTaFuREAY

a '

aandlanla unianusaunsaiignnusanniiuaisimaiedjitoneandiesuwluanusn
wazduNEad IN1IANBUALINUKNABILEIDTIAINTAaaN I8N T UADNNIUATTUNLT
Waiuinsihiduaanmuaziunannzgmnniivasuacliuaiuan Iaanaial iz
a o v o & @ = a a g a =
sanBiatulndidssiuniniivinmfgmnnd 80 esenaafoa Fadunananiinisiu

%’m:nmmm’mﬁu%’nmlumsﬁgﬁmsﬁﬁmm‘mﬂaaﬁuuaaLL@@LLa:aaﬂ%mu"L@T J0DIMILAY

] '
a

nsngampiiduiadaangmauiuinmes
(2) Tadunpinuasasdu luszuuamissduayyadazazaansniU jisen
nuamInaniduladuuazndladudnosdsznoy Jywinanazianuneidasnuanuag
avasgnsisliseneandiatuluszuuleln SvesiieliToauan s msa98130I6 1
LT AWULANEIDILATIRITIIVBIENIAIAY waNIINRBaMILAaU S eeandaTunLIn
uazangasgIsansnuanivriauazanuiilunmsiial jisonaandietuvaians asaule
a = ‘dl e o C% . 3’ L™ dl 1 v Y d' |
U8z IMIANBUNLINUANNAIAIEINTA LU (fatty acid) TuidunEumslaua T9dnans
g: v Io o a aaa a e é 1 aaa a s a J v = ' ? e
asdundaylunisifaljiseneendietu Sawuindjisereandiatuietuldisaninihgu
Un@naiewrin
(3) anmaNILAINIEAIW luszuuaImIsuasIzULEIN WA HANBIMENS
el jitenszwinseyyadarziuansduagyadassiuanadanuts anwamensial it
1 v a 1 a s a J 1 1
senivadnueyyadaniuaTdznauNuedinnuauyadaIzazlinagnuaNNaNgaTERINg

YSanmauiisavusin (hydrophilic) wazaiui aiwauin (lipophilic) AnsansAsInUNavadln
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lasaadaszuuBlatu (emulsion) wuiiinaassnudunumsduayyadaszizinniniaaa
A P A g a A a , A o ad
(trolox) tiasnninauiTavsinvasinlaisealiuSunaunnnii venanhansmenIieives
aIinuanadaITIiNadaN I UBIEN I
miﬁmawaamzmmm%mezﬁvl,@i”mﬂm{l,% diphenylpicrylhdrazyl #38 DPPH
4 & aad Aa o = Y a .
Faduishuguniimahanldlunsdnmansdueyyadas: laoluanavas  1,1-diphenyl-
2-picryl-hydrazyl (0, 0~diphenyl-B-picrylhydrazyl ; DPPH) fidnwuzdnanda iuayyadas
nasdilanfidianasenuinwanaziljisonnuasdiuenyadasz uaaIaanInd 2.4
sIaza1s DPPH  lasun@esiifiag erhujisennusmsduayyadas:  &isazmgly
A @ o o d
(Molyneux, 2004) T33zdiadvinmisiadinmiganauuadf 515-520 w1luiuas (Molyneux, 2004
: Pokorny et al., 2000) Lia&1378za18 DPPH ﬁﬁﬂg‘jﬁ’%mﬁumsﬁma%a%m: 813 A
anyadaszazlitlalasianezaoy diwalwansazais DPPH adluunlifleyuadas: uaaies
mMwil 2.5 susaugasnsiial iz laagrsitsenusunisi 1

Z*+AH —> ZH+A® (1)

S LAKD oUNABFIZIINANTAZANY DPPH &% AH Ao CRRRVGIERERE e z°
uaz AH Muasendw iialuiana zH Wuluanavesmsazais DPPH Nlddeauyadas uaz
A* Lﬂuwamﬁmﬁmﬁmﬂawaﬁaiﬂuﬁumn v\é’amﬂﬁfua%a'ﬁa‘sm:gnmuqm‘hmumn

aaa dl a J dl o dl a A A A dl
ﬂg:]ﬂi[l’]‘ﬂLﬂ@“ll% smmmuﬂmmmmuqumg;&aaa‘szﬂa I&ILﬂqaﬁ]’]ﬂ DPPH  932R¥N

we'ly (Molyneux, 2004)
KO
—N

ﬂzﬂ N

NO 3

nwin 24 lasaai1awes diphenylpicrylhdrazyl ; DPPH ludnwosasauundas:
(Molyneux, 2004)
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NO 2

AN 2.5 lasaa319ua9 diphenylpicrylhdrazyl: DPPH Iuﬁﬂmmzﬁvlsjﬁmmaﬁmz
(Molyneux, 2004)

UiAsunfiietuluaunsi 1 danarilfiionmndeslosfs fATerfezuunud
UfAseneandiatu 1w UjAToneandiatuiifiannluiunioiaanludusielidue
luiana?n DPPH (2°) ﬁ]:mmmﬁﬂﬁa%aaaszmﬁ'wgﬂmﬁmiﬁg&ﬁuﬁa AH lun3ia
mséﬁua%a‘émzﬁmﬁ% DPPH mmmLﬂuﬁagalumsﬁﬂmmm ICs,  (inhibition
concentration DPPH 50%) mnﬂﬁall'%mtwuaamiéﬁuawaaaszﬁv‘iﬂﬁmwLﬁuﬁumaa
81782878 DPPH aaadiasas 50 G‘fiaLi’lﬁ%ﬁlﬁumsmnaaummmmmmaamiﬁma%a
8872 (Molyneux, 2004) ICs, forndudrfawsatsueanisanusasalumadums
FuaRIADNITVBIFIIEAY MNTAN ICs, @‘imaﬂﬁomiﬁwﬁzyﬁ?uﬁmwummmlumﬂﬂumi
RVGIRTEGERELS IfasiayiwRosSnaintesfmaninaannaduduses DPPH Ie
fl9¥auas 50 (Kosar et al., 2007) §M3dnB"Ua9 Jayaprakasha et al. (2007) (g IRUaNTen
auyaBaIzuAZANIEIUNIINANERUTIUA1I81A9N Cinnamomum  Laglddavinazanssile
6149 wudﬂumsaﬁ“@ﬁﬂ‘%mmﬂuaaﬂﬁmmgaLfialfm‘zﬂl,ﬂuéﬁﬁmzmﬂ ganari lwdSunm
miﬁﬁualﬁgaaaizgdlﬁ‘ﬁuﬁu %ofﬂmﬂﬂ%mm B-carotene linoleate L8z 1,1-diphenyl-2-picryl
hydrazyl (DPPH)

2.2.2 sstsznauuadn

Lﬂuﬁ’]iﬂtj&llﬂq.jﬁwuu’mlu’ﬁﬁuﬁ’la Hefimsfnmatninierneiddslomice
MY Imaa%wﬁyugmmaamsﬂi:ﬂauﬂuaaﬁmﬁ@mnmﬁmﬁwaﬂmaqm{wmaﬁg\m@i 1
T,aJLaqaﬁfuvlﬂiauﬁumﬁivl,amaﬂ%a (OH-group) I@U‘L{’]maéﬁﬂdna’mLﬂuﬁwmaimaqmﬁm
(monosaccharides) m{’]maimaqagj (disaccharides) wialadlnuoaanlsa (oligosaccharides)
Ala LL@im{W@namﬁ@ﬁwumﬂﬁqdﬂuLaqamaamsﬂszﬂaﬁ\luaaﬁa nalaa  (glucose)
wenNisInUINelimITNsiuTEnisssUEnasiueadioiwes  wiassUsznoy

Wuaanuantlsznaudug 1% nIasUandan (carboxylic acid) NTABUN3IE (organic acid)
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028in (amine) uazluduBndIn (5537350 U8 NIINT, 2549) asulsznauiuedniiuasiny
Taludana'ly luﬁ%ﬁﬂa:sma%i’l,uiuLaqamadﬁ’lmalugﬂmaamiﬂi:ﬂauvl,ﬂaiﬂvlmﬁ
(glycosides) uazwuldlusruvastasitanislweas (cell vacuole) ssUsznaufuadniinulu
FISNTARUNNBAR LT ﬁé’ﬂwng@lﬂﬂiaaﬁ”wﬂ’]aLﬂﬁﬁmﬂ@mﬁu Gfaﬂa;ulmyﬁq@ﬁwu

& & & o A A a ~ \
azfusnsdsznauwinwa e e inummwmmm*sﬂ*;:naumnauWuamwagluimaqa

9

PaslisfudannasduazineIAnoua (terpenoid) (3Anue, 2551)

s1vdsznaviuedndsznevlddrngunarlinesduazldlengunarlinend
(nonflavonoids) lwnwil 2.6 LLamnﬁjuwaﬂauaﬂﬁﬁﬂi:ﬂauvl,ﬂﬁammmumaﬁ\luaaﬂ
(phenolic  ring) 2 NLLmuLLaxﬁaaﬁﬂizﬂawadmgvl,amaﬂ%amnﬂdﬁ 1 WY LT
Wanliuasd wazuauln'loenfin gannwi 2.7 LLammjuﬁ"l&iHWmImamﬁaLﬂu
mii.lixnaumiuﬂm?\luaﬁﬂ laun nsawwuledn waznialaasandTuunln (hydroxycinnamic
acid) (Cheynier, 2005) lagannidussfifian azansludavnazasiimanueanasasida
ﬂa"l,ﬂmaamiahmm?\maaﬁLLa@mw%{ﬁma%a‘éai:ﬁa Lﬁaﬁawa%m:mﬁaﬁl,aﬂmauvl,ﬂLL@i
Tulassaivesfnaaddianasannniutiussanisatianisiesandrodianasonllvia
lassaing (delocalization) l#lassairaatovldifaduauyadarzdald (:z397m
LA NTINT, 2549)

§in3@n®1v89 Majhenic et al. (2007) Lﬁmﬁ'umsﬁma%a‘émmaamsaﬁ'@mn
\Wia guarana (Paullinia cupana)lasynnisansnazaddiazasuazgmnnilunisania
WU IuﬁaﬁﬁazmsﬁLﬂm{'\LLazaﬁ@ﬁqnmQﬁﬁaw:lﬁﬂ%mmmsﬁma%a’ém‘zu,a:
ﬂ%mmﬂuaaﬂﬁt\mmqamﬂn’hmsaﬁ'ﬂﬁamumuaaﬁ 62 aveaaiGus wazdifid1gindn

MIRNAGILLANIUBAN 75 BIALTALTER



anthocyanins (R;, R, = H, OH, OCH,)
e.g. malvidin 3-glucoside: R=R,

OH

Ho 0

R,

OH
OH

flavenols (R, R, = H, OH, OCH;)
e.g. quercetin: R=0H; R, =H

14

HO

flavanols (R, R*, R, R, = H, OH)

=0CH, e.g. catechin: R=R,=0H, R’=R,=H

Proanthocyanidins (R,, R, =H, OH)
c.g. B-type procyanidin dimer: R;=0H, R,=H

ATNN 2.6 Imaa‘?ﬁamdLﬂﬁ"uaamiﬂizﬂauﬂuaﬁnnﬁjumﬂmaU@T

(Cheynier, 2005)

benzoic acids (R}, R;=H,0H,0CH,;)
e.g. gallic acid: Rj=R,=0H

RO

stilbenes
e.g. resveratrol: R=H

HOOC

hydroxycinnamic acids (R,,R,=H,OH,0CH, }
e.g. caffeic acid: R;=0H, R,=H

OH
OH

0"

0, ﬁg/;\,(,_w,@

" OH
gallotannins
{e.g. pentagalloylglucose)

AN 2.7 I@ma%ﬁomaLﬂfmaamsﬂizﬂauﬂuaﬁnmjuﬁhﬂﬁﬂmhuaﬂﬁ

(Cheynier, 2005)
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2.2.3 308w %38 L-ascorbic acid

Lﬂ%ﬁﬁiﬁﬂuagga‘éas:ﬁﬁa%isl,uﬁnwa"l,ﬁﬁ"’svlﬂ daldi3an dndiduasannish
fagdaieme widnIudiiensgyidsldisananafeulusznitansign Janfiug
Lﬂuaﬂsﬂ‘szﬂauﬁﬁ*’ﬂz’sgﬁaﬁﬂﬁﬁqmauﬂ'@‘lummzmmfﬂﬁﬁ Sonfindsursniaonnlag
navldanilu dehydro-L-ascorbic acid Tagmysandlad usaslassaassnnd 2.8 nalnlu
mailuansduanyadaszresinndnge fdamidsznaveandiaudlhdanisiioy jAzen
w38 reactive oxygen species (ROS) izulalasiauiasaanlod (H,0,) (331713, 2011) uas
superoxide radical (O, ) la# superoxide dismutase 2 catalyze O, ﬁ%@ian’mﬁmﬂﬁﬁ%mlﬁ
wWaswudaandlu H,0, uaz 0, B3 NEY H,0, ﬁ):gﬂﬁﬁ@l@ﬁmstﬁﬁuﬁ'ﬁmﬁuéﬁ IEphly
WWagwfwin ﬁhuﬁmﬁu%:gmﬂﬁﬂﬂmﬂu dehydro-L-ascorbic acid Wazazn hydrolyzed
waswuasliiiln diketo-L-gulonic acid (Ushimaru et al., 2006)

OH OH
o,_-° IH-CH20H - o cl:H-cnzou
U= 3T

HO OH

Ascorbic Acid Dehydro-L-ascorbic Acid

x
H OH
HO—C—C—C—C::-(!.:H-(:Hzoﬂ
OH

2,3 Diketo-L-gulonic Acid

NN 2.8 lasag3n9va9 L-ascorbic acid, dehydro-L-ascorbic acid a2z diketogulonic acid

(Bode et al., 1990)

2.2.4 ualsfivagd

& v A < a o e & A

dussalaginomlulusssnnd szgnduenzdauluanslsinanadvaiie uaz
wusnnludnuazkalign lassafsnugiusasualsfivesddsznandinlassashmaniGend

A { a [ [ A & [
tetraterpene skeleton mawﬁammuﬁmnmﬂmymul@mu%um%amaaammaaIuLaqa

=g & v A = &N v d a v @ a a &
wumniaradwisuniniimiennmasun e 598lasasneainIwn 2.9 walsfinasd
sansaudseanidu 2 ndulnajannesddsznevvaslassaieluluanafe walefin

(carotene) aanlaualifinasa (oxocarotenoid) W3a waulnWa (xanthophyll) lasualsAudu
a & o o & , & ' o a
Lmiwuamﬂimam’lﬂuLaqaﬂszﬂaumUmsuauLLa:vLaImem’mu V% LU@N-Ia 5
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aar-ualsnin unuit-walsiin talatu iudw lagiud-ualsimidusisasduaasdariuwe
=i o A & A A @ A o =

nmadasugdanudr-ualifivliiduioniue  lasmswaniuszgidiunianonatives
luana lagiawlssf carotene deoxygenase laiusn-ualsfiuanannandvayyadaszidnly

o o = ' o Aa a ' A
luiwtaqaLLaa ImaqamaaLﬂ@’]-LLﬂIﬁﬂua:agluanmmzmmmLamm §%  oanloualsf

¢ A ~ & a & o a % oA

wond w3 uzulnila (Huualsinesdnlanaisluanasinaniwmindnaudionguan
waniniteninaiuauuazlalasiau 1w iwe-aTulnuaoufin  (B-cryptoxanthin)  wazaiiu
(lutein) (FAnud, 2551)

B - carotens

d. v = L 1 = U =)
AN 2.9 Iﬂix‘iﬁi’]x‘iﬂ%‘]m&l“ﬂax‘iE]QW’]-LLﬂiiﬂuLLazL‘]JGI’]-LLﬂIiV]%
(Kwiatkowski, 2010)

2.2.5 aaaliilas

I~ £ A Ao o A A A KA = ' o AdAa A A

usseenagnineinmidaandnsianis sadunguuassiaiagniimdedn
wuluiNona 1y SniNIuWRIwUEs (primary light-accepting pigments) il lunszuIuns
o 6 A a J 6 A 6 ] < a A a 6 aa
FuanzAuaidaiaduluasalsnaad asalsiasutseandlu 4 viia Ao asslsfladie NF
A S a o & A Ao & Y A €A AA A A
deaunuidu wuluirsugenofianduensduasld duanaliladd SHdoununmies
wuludztuginnaiiauazawite®mdud (green algae) AnalsWaad wuluamisiiea
(brown algae) uaza1WI1LENaI (golden algae) udllinuluioTugs uazanalsdand wuln
SMILFUAY (red algae) udt linuludorugs laonaldazwuns anelifladiouazanalsiaad
addnnulufrrugs landdadiusznitasalifladiodenaalsfaadyszanm 2.5-3.5 da 1
AU, 2551)
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Chlorophyll @, R=CH,
Chlorophyll 3, R=CHO
The porphyrin ring is shown in Red

i 210 luanavesaaaliflad FAnud, 2551)
A 6 % 1 g . . 2 A 1
luanazasanaliladdsznaudanaiuiizes porphyrin ring §98 Mg agjasanand
' A I3 . ' ' Aa '
LaedIwn1999t long chain hydrocarbon ke phytol funnelslasduandrann
AnalsasLaf aldehyde group (-CHO) G3azunuil methyl group (CHs) AFIWANIN 3 1Nt
LEaIaInInd 210 asalilasdfiguanddlizevihisliazasluin  asalsladidu
a A 6 a té dl 1 2’ 1 s o dl & a A 6
g1sUsznaudwnIdudaninliazatsluiiudazatrsluarvinazaroNidug13aun3 s
analsdastdnasmdoanwulunanild  Usunmesalslasanwulusnialaanalddnéi
Urzanmifasaz 0.5-1.5 vaashwinuis uazanansniiugaldtielasas 6 lusmioiasslilu
Ao ' Al ea & ' o
niussdang aaalsWaddlulosinwmbudiudsznovvaslasiaine  angasluanaves
AR lINARLAIWITH AT ﬂaaiﬁlaﬁl,aﬁ"luiml,aul,ﬂuaaﬁﬂizﬂauaQluﬂ%mmﬁ”asa: 8.22
vashwinluiana  asaliadafihuiuduniadmsiiainamisnsneiun i luaaui
A & @ A a £ A9 va A < ad a & Al A
ANMNITIN T UFNFU M TTRARLIN AT LIn WY U777 lamdsuaatitasasalsWladn
(sodium copper chlorophyliin) tHunsaaudadlassansaaalsiasausysusd vililaans
A &4 o AAd A ' VA o & oA & o v g A
ﬂaaISWaamamwammag LATAIUAIAILALRINITDAZ AU ba e 29sun T wFn e
o o A A = & v a o
MIERIUNENTULATEIAN TI89ANI8IMNIUAZINVBIENIZOLNTNN (US FDA) SUT89AW
Uasanuianzasslsfassiafiszaisduriinu Ganud, 2551)  agrelsiaranudnluly
shmaﬁﬂ'%mmwaais%a‘ga Fadlwldlanlnansanaly shmaﬁﬁﬂ%mmﬂaﬂﬂaﬁgwﬁuﬁu
analsWadudussdulisesondiatu NldszanTawdnagny  wen-ua
a a a a A a Ay‘;/ 1 o 1 £
T3fiu Aanfiud uazinnlud asalsladulignidumussnanaswug udnalndruniunis
ﬂmUﬁuﬁmaaﬂaa‘[s?\laﬁuﬂhh}ﬂszaﬁa%@ m'q]u‘fluwammﬂﬂaa‘[sﬂaﬁuﬂué’aﬁﬁ@a%a
8xavUisenny active group vasmInanauiuiniailosnumaufsuulasvasmne
naewuiive lWaglugindeshdenaifiadjisenlaonsden
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° o A & A €& el a A& A A

fUTULALIN RO 8GLAzARa LIRS URTIAFAUTITHTNA TIWUNINIWINNTN
AA A ' = Aa a P & & o . o w '
71707 11w lnuSoaaadtdSuimualiinauandnue 42 laInTNAanIuAI0L1I8a LAY
USanaaalsfasanivuad 52 lulasnsudansualadnge tudn qm%gﬁua:ﬁmmzﬁwa
ganslaounilaivadnnlsnuasauazanalIWas (Ferruzzi et al., 2007) 8153 1WINaIT08N

£ d ' a & o °
qmma%amwa:ﬁmﬂﬂﬁaluLLﬂaaLLa:ﬁmigmuL%'ﬂcnﬂmﬂqmﬂfq}uLLa:ama:mimmﬂm M
v & @ & =< = =2 A o aa o o A o &£

Immqumsmmﬂmauao JATIMIAnsLNeINUAITNsilesnunlatnilasanseangninig
Famwa iy (UT339, 2002) wanand aInguanIdkenyadaIziUsznaulddroas
nauuednaziianulhdensgadusandianuazayyadaszldd v ldiianmgyEaanin

ladne %dﬁﬂdﬁﬂ’lﬂﬁﬂ%ﬂﬂ’]ﬁﬁiﬂi\j&lfﬁﬂugﬂLL‘]J‘lJ@]"l\‘l6] (Javanmardi et al., 2003)

@ a
2.3 NMInadauANN L wNy
g & & A
2.3.1 MuwzidgiTasuasihalie
MIAMLRBITAN Baneis MIsnmamwildie maasydule uazwawing
vaawaasa’ meldznizuanineme (lweimsiaeasas) Ninanzay Gadanwduiiaiwin
= ¥ a J v a 1
INABANITLWIZLREILTASL AT HITNANUADINITANBIWGANTTUURZNIZUIBNNTA G
ea [ ] A a J o o ¢
LraaNUaaaaNNNIIUMUBITITBAN GRRATUINNAITA)
=g & o & . A & v A AdAaaa .
MIAWILRLILTAE FUWUT (cell lines) WralradINaILIzFINITIa (primary cell
culture) w3an3kE subcellular preparations (833U3=NOUITAULTAR) lagianizivaldly
a v @ A a a & 1 v g Qs s ] g:
NWITONWAUBNFTTINGT  UasABING  Tiraunindarduianzsainaaaarinni 13
naasdlagdtmsiineinuirasainandalunmaseuluszaunasanaaad (in vitro test)

= & =< = v & v A v & & a e A | =S
g dwn1IanIng ma%mLuamumamagamuwugm‘lmmumaaLwaLﬂuLmeﬂumsﬂﬂm

v
o

> & . . ' AN o v aa
Tugiludainanas (in vivo test) daldasaaaumawmanldinlinansinmeadfinluaulu

' = o AV o =2 & o & . & ~a Y &
A aﬂ’]\‘]vlﬁﬂ@nwﬂlawawqﬂmqﬂqﬂﬂqjﬂﬂ‘]ﬂ"ﬂuwﬁﬂaa’]ﬂlwuq (cell lines) a’]ﬁ]LﬂuLWUﬂTaHaT%

9 U

D

k3
A o

= v A =2 | & [ A Ada . [ g
Augrussadudsslinsfnsdalulrasainaipizwesdiliiia (primary cell culture) 119%
J s Y L g; s 1 1 a v £ et
AUAUMIWING L 3@ 89N1IANNRNIZIANZAITITH A A8E19LTH TUITENIIAULAFD
Aa A o 1 A a & & = =3 AaaK = = s
InnfuuinldluwsAsineswmdums@nsferuismauaveddudesa ldfsnsndaen
wiaanalndngieme dWesnuuiumidindruduniinzasedoizduuazle danunis
nazavlunasanasasdsandudaslfioasanlannanaislzus 9 lagadunszuIwAITUeN
LTARNNBIEITAINEINamIN LRSSl unaaaNAaaILazYin M Iaga et

AU primary cell culture AUszlamidansAnsimangTInsuasRsingn
lagamizminasauluiinisaiiansad (screening) WiamsansudadSouifisunaniiaz
o A A e 6 ai ad o 1 | [} a K%
aagulafanltluleagainaassimanzay wnzAtasnarduwnstisaadSunmwnsle
o & A & A A o o o a &
dainaaadiiiasnnanwinaasdunialanldannygnases 1 @1 sansndaevadu
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e g e wInINnamIu LT lwnImasay uanmnﬁﬂ'sLflumm@éfunulumsmaaaﬁnéﬁm]”a
v A o i i A AN va oA oA o
lasourasnsnasauluszaunaaanaassd (in vitro test) fie waﬂvl,@wﬂ’nwmmanagdsmu

= = el = i i Pui A Aada & A N
mmmeﬂumsmaaulumaamLﬂwmsmamq@maamummumammzaﬁmimmﬂu
Fudanlaisununiimasaulugainaaay Winatunwanszuulwaisulaie wazszuy
gasluumliitudanisudsng UsunmasnlinasaulslulSuimias s1u01I0NagauaIwiIn
A0 19N UA NI IUATLAS UL TR ALARZ AT

AIBWARLAI  INABANITWIZLRLILRaL T WNI9LRaNWIE  INaNALNUNNINARAL
anuduislugainasssluouwina anns@nsvas National Research Council 1898W339
ayduadn mimaaumsmﬁluﬁ@fﬂ@aaaLﬁ'ai‘@mmLﬂuﬂﬂumgwﬁﬁfummza@mLLaz

a A \ A & & . A

pridnlufge uwaziuadnarsiinanaaasluisad VIad b (cell line) nIaduUsznauvad
WIAR (cellular compound) NAWNY  19HLES ININBIMFASTANNAIIRIN A UIZUY
A A = o Aad & A A A & & = =i
F2anen wazimaaunuitans glummeseuirasuaziboododunugiwnmsdfowuan
sansnw lglunmsdaduisanuiesvasanaad (isk chemical) Niidanuwed Tawli
ﬁfﬂ"iﬂmmam%ﬁﬁmm’]ﬁaNamaamsé’wsTamiLﬂﬁ'ha;Jilm:é’ul@%mzﬁwaﬁﬂﬁ’msmmmaa

EraakarTsUUTnalvasnImelasunansnuaune 1#iAalsa (Oonsivilai et al., 2007, 2008)

2.3.2 ﬂ???’l@ﬁé]llﬂ’J’?ilﬁ’l&/’??ﬂzuﬂ’ﬁﬁ%’?@l?/adl,‘D’N&{

WUWAINAFAUANNEINITD NI TI AV TAARAINNRTREIW IFLAG  reactive

£ o

i £ & Aa a e A
oxygen species (ROS) Tululfﬁaﬂa’ﬁ'ﬂwf]ﬂﬁ@nuﬂ%%laﬂasxaqﬁ]ﬂ@]ﬂqi(ﬁnﬂma\‘]LsﬂaaLuﬂﬁ‘iﬂﬂ

cAAAa

AMNMZLASEAINBBNTLATH LALBLINUIMTAINATIN (viable cell) Laziwaanany (dead cell)
A a o edAaa Qv
wianaxzauNMIMNUuTadIluInaawass  uazdwonaasniaia  Huipuazuasniny
I lunsNTIauaaTan (% cell viability)
2.3.2.1 3% MTT reduction assay

ea o

nanmInagaua N duielasis MTT reduction assay oM IIndNwIULTARNEIE

22D

A T . . - 4 {aaa
%magi@m@mn mitochondrial succinic dehydrogenase activity TUTRRNATINDY
mitochondrial function luLad Krebs cycle fialu mitochondria 181 metabolic pathway f
fanlwnIgaaeh adenosine triphosphate anaslulaiase Tusdn wazlvdn laswu

o A A . & ..
AaudK Ao NIAsuan succinate Wil fumarate lae succinic dehydrogenase (SDH)
81 FAD \Judimnl#u i3 reduction awysallasrin FADH, uaz FADH, snansnifon
tetrazolium salt Jiilu formazen NAFINEIuLazanaznanly mitochondria lasnInasayuh

#8413 disodium succinate Ludasduiilol jiseanysniiinamliinafsuaninies

1 & A v a o A A & o o . .
dudindy  wazszauveimaldsuiiugasiulauassny  enzymatic reduction @9
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]
=)

tetrazolium salt N8nNwad MTT formazen RIN1TAAZAE b dimethyl sulfoxide (DMSO) fia %
2z 11/81%A optical density NANNE1INAK 570 W lwaT ANe1wlaazuan mitochondrial
. cdaaa
activity LLRSLTARNUTIA
lag NIt %cell viability 37n&un1T

%cell viability = (Absorbance of treated cell / Absorbance of control cell) x 100

2.3.2.2 Caco-2 human intestinal cells

& e o o A & & o | Aa )
Caco-2 Lﬂwﬁnaammumm@mﬂlfnaaml,som"l,é’l,my NUNILURAIBDNLRSAN B TUS
o s o & . . a d o \ .=1' & A
ARNLARINULTAR epithelial Uné DINNWIUSATN €) VDI Caco-2 LLE’(@NI%@’]S’N‘H 2 LURRLARU
A ' A v A aa & A Y
TUANULANGIILUE monolayer A1UIIUNY maﬁmig}uméﬁaammm:lmma:uuu
= [ a dq' {e'a 1 I 6 1
L@El’)ﬂ%ﬂ‘]Jﬂ']‘iLaENL%aaﬂ’Jvl‘lJ luixmwma phase WINVaILTaavzUaay colonocyte LLaZ
enterocyte-specific protein  N17 expression VU3 colonocyte M lAansamenadiaivad
A A o A o €d' a v A o
enterocyte Lﬂammmaﬂﬂ TINNWIUSVDI monolayer IEUANBEUSVBILTRARNENANITIALILING
P . . P 2 & & A ! . . .
lasd tight junction LAZUILITUYAVIVBILDAN DISUINTIZIAING apical  microvillar LR

basolateral membrane (Muangnoi, 2007)

24 n‘s:mumstammﬂga (L‘inyﬁ]’], 2553)
nizmumﬂammﬂsgl,a%'ul,ﬂuﬂs:mumsﬁmm‘%ad’mwamaamigﬂLﬂﬁauﬁ’;51
P A A A 2 o o ' I . & <
RIITUADU ﬁ"linQﬂLﬂﬂ@u%imﬂ]ﬂU@%UVL’JE%’J%SL%@%&U%TQGL%N’J meamammﬂumgmﬂ
& A o A a A \ [ \ . A, A o
°llE]\‘]LL‘IJG%%’E]T]’]‘WN?]ZLSUT’]’HE]LL@]ﬂ@]’]\‘]ﬂ%vLﬂL“ﬁu core material K38 internal phase &13INYIUN
LWRBUIZIHNIN wall material, carrier, membrane, shell %38 coating I@Uﬁ&’]ﬁﬂtﬂﬂidﬁ%”]d

mlUeanwi 2.11

Wall, shell,
carrier,coating ~—__,
material or

external phase

Core,
active, load,
internal
phase,
payload

AN 2.11 Imaaﬁ”’]waumﬂiga (,UEYRN, 2553)
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2.4.1 vikavasuayarindalasldinadaouunlmati
2.4.1.1 Single core (True encapsulation) Lﬂugﬂl,mwaumﬂsgaﬁvlﬁmﬂ

miLauLLﬂﬂégLaﬂI@ﬂﬁmﬂﬁﬂ coacervation lagianum:laTIaIIna lUasniwg 2.12

True
encapsulation ~——_
(coacervation)

AN 2.12 LLﬂﬂ:];aLLU‘LI single core (LUTJ31, 2553)
2.4.1.2 Multi-core %38 matrix encapsulation Lﬂugﬂuuwammﬂﬁgamaami
Tinausssulngnndaluszdugamnnsin lagldinafianisenuiununudes smusdTads

mﬂsﬁﬂaﬁa LSﬂ%ﬂgﬁ'ﬂumnammﬂﬁgmﬂ@ HRAN B LATIFT NN M AININA 2.13

Spray
drying,
willing.
extrusion
etc.

ANN 2.13 LLmlﬁgaLLll‘Ll multi-core %38 matrix encapsulation (LUgJ31, 2553)

2.4.1.3 Multi-wall 438 control release LﬂugﬂLLuumaaLmﬂsgamaamﬂﬁﬂﬁu
saRfimsndsufnasifiaeslasld nadte fluidized bed W3 centrifugal coating ¥inl#aanTa
mqumiﬂa@ﬂa’aﬂmﬂﬁnﬁmaluama:ﬁﬁadﬂﬂﬂﬁ Tasfisnwmlassaanaldasnwd
214



22

AN 214 UAUTALUL matrix encapsulation NIANILARBUAY 2 U (LA, 2553)

nmaasuadgianaslindusasuisndnilesanslinfusanenariy jAsoniy
gunsulundanmaiomns  samaiiananudandaauiiinanansiinaussrind fAzeanu
Unflasanslinfussannuasuazmiadjiseneendiadu daargnaiiy Snsanslinaus
vﬁamu@;umiﬂa@ﬂéaymﬂﬁnﬁma&luwamﬁmﬁmmi

2.4.2 mafinnfoulslunisienuntsiati (encapsulation techniques)

2.4.2.1 miauualganlasldiTnmaaldiT coacervation nMstauuall

L3 a 6 U a A v A 1
manlaglfinafiafldlnngmisinaifaneanssddidszneulds e 3 iadeliazae
A o o LY oA . P o
Fanwuasnu Laun iasaLitad (continuous phase) WaasgnInazihuanualmantasiwe

A o v Aa A a dn‘lp d' % > s n‘d‘
284813AR0Y M Ivh A TieReuRn lunsdiiazifedeen UM IUSUEA TN IABARBLAN

& P A A | ) v A & A . A

AU 2 THE Gﬁauﬂi:fgmoﬂﬂ%agluama:'ﬂﬂizﬁ;Lﬁuﬂmma:maauaguummaami
WNWNA %aﬁﬁu@aumimmmﬂsgmﬂ@UHLVlﬂﬁﬂ coacervation Usznavullals 3 Tuaaw
Aa MafinaypmanIeneauaInaINTIwIAIEN nasniuaziinsiia coacervative wall Loz
q@ﬁ’]mzLi’JumsLLUﬂLmﬂsgaﬁvlﬁaam’mmia:mU

m‘nammﬂegl,aﬂ@ﬂ"ﬁLﬂﬂﬁﬂﬁa:ﬁaaﬁﬁmimuqumwawLﬁaﬁﬂﬁmimﬁau
LARULBRIVBIRNTUABNANBEIFINLENE RITARELN IS laun Laands nsinRauRnTau ¢
FIUNUNAINANANIPATUIUATE VI ALTNIMAIVBITNIUNUNA MALGN  electrolyte
vl luszuvezildiiansanaznausasnaanand lay electrolyte vz luvilwiszqiunans
‘:S' 1 v a A A:ll a a g: o v dl v 1 .
T992978 IALAANITARBLNLST I MAIVBIEITUABNAN mnuumlmmﬂsgaﬂ"l@aglugﬂ solid
microcapsule 1ae desolvation %38 thermal cross-linking

2422 mieuuadganlaslfiaiasle (Mechanical processes) la

WakanIauuLAILUUNUH B msauLLﬁoLmuw'mlaﬂLﬂumﬂﬁﬂﬂ’]iLauLLﬂﬁsgLaﬂﬁHﬁ'uasha
LLwi%mﬂuq@m%msumwa@mﬂﬁﬂﬁma esaniasasilan ladne LRSAUNUNIINGG

TasA5n1I%hazdInINITu iTu@laumsLauLmﬂﬁgLaﬂI@ gl rnaianisauuRILUUN Y
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dsznavlddns mavhdnanedlslunsiefey iu vealaiandnsu (maltodextrin) wilsaa
wis (modified starch) ®3a N& (gum) ¥1azA8Y1 ANUWNENITANARIRNFBINTHNAN
euualgianunauiuasazatszasdnaflilunsaioy  lasmiludandiuvasans
WndauuazaIuNUNAIzadlut 4 da 1 hdunaunlaldiunszuaunslaladlug
. A v a v a A o o ' A v AA
(homogenize) ialdliansavasanslinansa TanshinTauuAsuuunuelasazidadae
o a o A A A9 o o, o v = oA
dununkdad insasiienldmunsamldie smusaUndasssununandldiduatneg uaz
susatdanltananslunmsiafe ldnanssiia uanmslenmseuuwisuuunulasngsltadas
ol L°1j'um'«aLﬁ@migtyL%’ﬂmﬂﬁﬂamaﬁﬁ@mﬁam‘h‘s:%dnm:mumiauLLﬁaLLUUWuNaU
A a a dla A o v Aa aaa a s a s G'dl v
wisanlasununasdaniiizesuadgadsanarliiialjismeendiatuluniaimsinld
o A Y ' o v a o ¢d A
mueusadgianlaslfinafianisevudinuunudes Az ldldnfadmsind
anwusldunsnazidoauin I@uﬁ'ﬂﬂmmmﬁumuﬂuﬁﬂmwadamgmﬂagiuﬁaa 10-100
= (2 ) a s { [l . ¥ . g
luason T987139:Aa0NNAAA T L6 LR WNT=UIUANT agglomeration lag/ ks fluidized bed
A o @ A v A A o L A
process iarhlRaymafitnumIteuuadgianauninszaslanufl wisazanpldivauiie

i ldszendlflundaimsionmisneglugduaanan (wgan, 2553)

2.4.3 YJJZm'LauLLm/szm"fbu (Microencapsulation)

"Lﬂmmmmﬂsgm%’u wuan ﬂs:mumsﬁmaamm%%amgmﬂgﬂﬁaﬁﬂﬁagiugﬂ

o a & = & a & = & a & '
vasuadgadipwadiwasidutuuny g iiaduualgaswiadndfizuiaaud 1 luavau
auhd 1,000 luavan ﬁqmauﬁaﬁﬂuﬂiﬂwﬁmnma Auvanaluladaingd SuduwaN

dl 1 & A I o a v
nazansnldlunisdnoianans (Carbonless  copy paper) Tafiaiugaiiiiavasnisls

mﬂIuT,aﬁvl,ﬂml,amﬂﬂégm“ﬁ'u I@ﬂﬁmsmﬁauLLmJégamamﬁnﬁuﬁmuuns:mmuﬁuﬁagli
o ' A o v = o Y ) A o a A A &
arwunuazlantzarundasnslfidug i liduany tadusinaannIsdaunIanuw

=4 a & A ' P " v o v a & v =
LmﬂﬁgamammwuwnaUuuﬂszmw‘nagmuumzmﬂaaﬂﬂﬂ%mmﬂumamwmagﬂmw

u
' A = ° o &
@9 9 vunszanuidudiun (enanwal, 2552)
dl v =1 U =) L v 1

mm@;maa:umﬂmLﬂﬂuﬂ"LwIﬂsLauLLﬂﬂsgLa%u laun

- I HIINRITL TR NAN G 0 gL LIARDUNILWEN LT LFILAG DONTLAN 1N
RN ﬁﬂﬁﬁqmawﬂ'@ﬁmﬁw‘lﬂ

dll a U = Qs
- LINRITUNTRATZLAE LA 9N e mﬂ"l,uwLmﬂegamﬂadﬂumai:mmmm

- mrlwitadam i Ul Fnuw malfuusnsnidlwsadiralrlne %ilugﬂ wadgaiiu

PaIUT9 NULAN TN I NINNURITAY Laz liauaniuian
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- ﬁ’]ﬂJ’]iﬂﬂ'JUQﬂJﬂ’]?ﬁ"lx‘]']%”ﬂ a\‘]ﬁﬁilﬁ/ﬁﬂ"liﬂ a@ﬂa’aﬂmﬂuﬁ%n WALANZEN LAZHING

anuFwFalunvlorIy

"L&JI@SLauLLmJGgLa%'u W UNTEUIRANTARAURIDNNLAURISN N RO WV ILRAIRIATND
IWagmuluiaglunanansnvaduldaauninasdiagld (Mathiowitz, 1999) dasinig
' a &a A Y ~ o
AuguiIBKaNTaINafiNaiiinfatatdiunen Ssamnnilulflugasnnisnainis
A o Aa ° v & . ° v ' A2 o, o
LATBIRNE19 NAMIFINVMA IALANLYT0N D 10-500 micron ¥inlwinsdan1IBuTURIWNENLTN
1dlusene wgawadanstinldls msidanwadiwasnumanzaulunnduwaliafay luain
A U & a {d‘ L% A 4:§ a LN 1 :/ 1 :’ a
i3l Ethylcellulose (Huwefinaiiliinfey Seliquandd liazassuazlizeuiin fow
A o v [ v 1 ] o
Tlunsiadausn (Hu et al., 1998) Sﬁdmi%msg@%mﬂﬂﬂamam 9 uaz laiazansdny 9%
Taemesin Ul lddaaiiauslnadinnedan (Ravidranath & Chandrasekhara, 1980) lula
o A o . A « A a . oa
Wwin-3 13l sugar-beet pectin Taidun1afionunulys@umsuuuaz gum arabic Heoa

M Tl uNINEIBNENVDIAIWT LNaTaINUNNTLAA oxidation Wadlawur-3 GarTlieluaiis bal

A o & A °

duan 398 Tsitenafia Spray-drying  911511n13¥1 microencapsulation  lagl@diaang
SE PSRN Sugar-beet pectin Uszums 1.1 %30 2.2% u glucose syrup %GWU’J"]‘L‘LL 2.2%
sansanninulawm-3 late 50% luienfiudg Ansldwediwas Tripolyphosphate (TPP)
FlfAaw Uiy chitosan (CS-TPP)  lagldinafia Spray-drying luanmazfiuanenann
%uag’ﬁ'uﬂa%’ummﬁm i gunpiiandt damrinassvesnad anuiduduuszionm
U4 1% TPP solution (Drusch, 2006) Wa< Liposomal encapsulation nano technology
(LET) Wlwnsvinlwanfindlu hydrophilic suRU@ LT hydrophilic waz hydrophobic 3L
& hydrophobic  viliiAeLdlu Bubble w3afii3anin liposome Falimausrioandudidnly
F19lu Tagvhflanuauannnin 1700 psi laglis1iudasldansaznan binder, filers, gelatin,
capsule materials, dyes, sweeteners, flavorings ﬁﬂﬁﬁm‘sgm%wvlﬁaﬂ'mmﬁa Nudams
inlUgauumusiuiidnnia (Livon Laboratory, Inc., 2006) 1w Catechin lurides 3msld
wadluas Tripolyphosphate (TPP) #inl#lAaWuseny Chitosan (CS-TPP) $inIHaNI=ning
Chitosan fiU Catechins Uszanms 30 w1l nauflazifin TPP lildluianasznine 30-150
KDa @arhlwldumainiiuniiag nano (Hu et al., 2008) ludanfin D2 14lusdmaduln
N13%11 nano encapsulation (Daniell, 2006) luwiIafin B12 14 Double emulsion (water in oil

2

in water, w/o/w) 1Junszuaunsniiiu Disperse phase agluifialudiu Tadialuduitazdu

%

g’ = = a d‘yd X o d‘ [ o :‘ &
WRNIZANBVaIUANN Inadakivasn @1Luaaﬁnﬂmmvlwmmmaammzfl,u ‘Ii\‘i‘]jfllv‘ﬁ’]
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a9nanunlalasld protein polysaccharide conjugate WazwaniitaanhaInNINTINGA
LAROUUOIN Maltodextrin 338N whey protein isolate UM IR319NUE Covalent bond
L™ c?d | A v . a v A d'd v

ar#3ndumaianununisls gum Arabic lapfiqmant@fe swnsanuaniziianuian

g4 uazflanuiadioslunia (citrus oil, orange oil) (Daniell, 2006)
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UNN 3

ASANBWNITIVY

3.1 NMLAIBNIAD AL

Ww3pNaasnslug wsauuRe an3Bved Singthong et al. (2009) lassinlugnmig
nninsaInstasdwlumaaswasnidsanile (WNIAUANTHIN) A vianuazena flw
LAY LLﬁa'ﬁn"Lﬂauﬁmg}’auau%uﬁqmwgﬁ 60 asrumaides 1unan 3 92lus wasaniuue
Iwazidea v‘hmsmsﬂﬁqow%uﬂwﬁﬂLmuqtymwwmﬂﬁwﬁmmmaaa"ﬁzmia"l,ﬂ

3.2 NSLASUNAITANA LU LIS

mMIassuasanaanlugw lasaaudadannitues Oonsivilai et al. (2007)
lagTIa88198 w190 LUAI 100 AadnI WeniTangmrnd 100 DIALTALTER / LONWaR /
az@lan 12 ml s luiwendae shaking water bath 1 25 asenisatBos LHuan 15 w1f
nnuuii lTww3sd (centrifuge) 73000 x g wis 3 w1l Lthuaulalasniassipis
gaMA (vacuum) uddthaznaufindellanadidn 2 a3 Uiudanasaulaliasy 50
a8any  nuuliadiadne 2 Jafaas  lanaeanaasd wawi luvinlduieae Freeze

o el a 6 1
dryer SUMTIATIZRA 11

3.3 MsaneUSanmaisaangnanisiinmuasasanaanlugiuig

3.3.1 Y3u1aw Total phenolic

AnsUSunms Total phenolic content 1@g3T Folin-caicalteu method @audadan
5809 Oonsivilai et al. (2007) lag¥nmsazangasanadidiadinazans sin wie oxdlan
o Lomuos udrdiassazansdiasnsa: 20 lulasaas lalunasanasssudatinin
158 fadaas  L@usnIazany Folin-Ciocalteu 100 'lwlasdas  wanlwidniudisiadas
Vortex #91Y 5 wift dnladouaniuaiua (20% wiv) 300 lulasdas wanlwidrnusnass
LLETJ%TNLﬁuqﬂuﬁﬁ@ﬁqmﬁgﬁﬂunm 2 qrlus %é‘amﬂﬁ?ﬁm’]uﬁmmmsgmﬂﬁmlmﬁ
ANNEIIAAL 765 Wluluas waswn Total phenolic compound lagld gallic acid 15w
AT EeUANUTRTuYed gallic acid AlFlunisainswinaszuda 0,50, 100,
150 WAz 200 ppm 1 95% tavnuaa WamslerzdEnenuluzlsuyavesiiadniu gallic
acid (GAE) #8100 Jaan5uueatinniinuwy

ﬁ]’m‘lfuﬁ’m’liﬁﬂﬂ’] Phenolic profile ax3TVad Oonsivilai et al. (2007) @'ﬁﬂméad

HPLC (Water model 2695 HPLC system) Waza3iaiasieia3nsasiaiauuy PDA (model
2996 photodiode array detector) laglTnaaniiuuy reverse phase (NovaPak C18: 3.8 mm
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i.d. x 150 mm) fvdvznauAwaRnuanale binary mobile phase (2% acetic acid L8z

acetonitrile) UL gradient A1u8aTNTIWa 1 Haddasdewii Namngil 35 asriaalfos

3.3.2 ﬂ%mmwaamsﬁﬁum&gaﬁas:
3.3.2.1 75 DPPH radical scavenging activity
Tagihasanalugiwed ldandnsnU5unm Total  antioxidant  capacity  lag145%

DPPH (2,2 dipphenyl-1-picryhydrazyl) method Tagld Spectrophotometer ﬁ’ﬂ@ﬂ@ﬂﬁy‘m’]
Spectrophotometer ﬁ"ﬁ’NLLa\‘i 515 nm aalUada1n3I52a9 Brand-Williams et al. (1995) %\‘1
ILAIUNRNT DPPH lasazansy DPPH 12 {adn3d b Methanol 100% 50 Aadaas (Stock
solution)  LAU1SA 4 asernaaiBua (FAUlTliAn 5 Sudensiaiuunitenss) nasaniiwin
Stock solution ¥ dilute 1:5 1 Methanol 100% Lfaviniu Daily solution &n5ultluny
aNeFluuaazin suauwIninnsdy 950 lulasaas 284 Daily solution 1 cuvette Jadn
QANAUURY (Absorbance) Bududt 515 wilwuas  Tuiindr wasansis 1dv 50 lulasaas
&IANAla (supernatant) %30 813019331% (ascorbic acid standard La BHT) AT T
9 9dm3UTh standard curve (0-100 Hadn3w) Waune 2 daulwidrsulasmsle Parafim
FaUUIANBLRNNZAY cuvette TaRiUNuaINEN cuvette 101 gnavlUun 2-3 ass Litelel
RIBHFULTIN LLa:ﬁavl’iﬁqmﬂgﬁﬁaa 15 U7 ﬁauﬁa:i’mmgﬂﬂﬁmmﬁ 515 nm ﬂ%ﬂﬁ!@ﬁ’]ﬂ
ﬁwmg@ﬂﬁuumL'%IMTuLLazm@ﬂﬂﬁume%aq@ﬁnUmauﬁu wadlidranuuanansluvin
standard curve tialFlumIsuwatsnien Total antioxidant activity ludaagnssa’lyl i
dranusannlumadussdueayyadszifisuiuanumunnlumadussdiueayys
dxszvaINTALaanasia uaz BHT

3.3.22 735 Ferric-reducing antioxidant power (FRAP)

lasyinnseToNaIazansy FRAP 31N&ITasant acetate buffer (pH 3.6), TPTZ 10
mMl HCI 1 ads% 40 mM wazansazane ferrous chloride LiN41 20 mM ludanain 10:1:1
(VIv) MUS1AU 8138288 FRAP ﬁlzéfaaL@%Uﬂmjnﬂﬂ%%ﬁau‘l%mu wazth ldguludraniuqu
anNd 7 37 asmuwaiBos feuiazinanld

Tumsnaseudediil aaulasanitues Bae & Suh (2007) lagldasanassunn

50 lulasdas udndussazany FRAP U513 1.5 Aadans waaldidnnu iuliluitiada
F2UZIAIA 4 W ﬁ']"l,ﬂi'@mgmﬂﬁmmaﬁ 593 wluwiuas lasvinmsidSouiisununw
NIAIFINVDIRNIAAY ferric sulfate ﬁﬁm’mtﬁm‘fuagﬂuma 100-2000 uM lag¥inmInaaas

IRV TILRZAIA LR
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3.3.2.3 75 2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)

LOTLNRIIAZANE ABTS+ cation radical I@Ummaumm:mﬂ ABTS 14 mM 5

[
o A

ml W8z 4.9 mM potassium persulfate (K,S,05) 5 ml wanl#id i asnislingunninaslun
A o« < ' ) + A o Al A
Jouduaa 16 Tlus deulfihansazais ABTS anlleasdisiamuaaliiidinisgani
\ \ ! d & a +
Lmagluma 0.700 + 0.020 NANNEIARL 734 wlwuas nuuiilas1iazans ABTS
950 lulasdes wsunusnssnadlagswsaanIinesu 50 (wlasdas lewldinaudu
blank wanliidiu asfialilundedunm 6 wift anuwihldiadinsganfuussnany
dll % [ =Y &
p1ad% 734 wlwwes laglinsauesneida wez BHT duzasiuqgu (Bae & Suh,

2007)

3.3.3 S IaAnd (Ascorbic acid)

MINATZRIMAUT a1u30va9 AOAC (1995) lassindlatng 10 Nadaas LAw
HPO,-HOAc 2 §aaanT lat@snnufiny indophenols standard solution Uaust@eInwAdadla
L@71 blank tareuifioulasls HPO,-HOAC unuanTazai108ns dwaaaleeai

mg ascorbic acid / ml sample = (X-B)* (F/10)
e X #a 1USu1m indophenol standard AlFlunslaianeiotig
B fa USunow indophenol standard ﬁl‘ﬂumﬂmmﬂ blank

F fa $1un mg ascorbic acid ﬁauyaﬂﬁu indophenol standard 1 ml

3.3.4 USuaualsiinasa (Total Carotenoid)

mMienzidinnualsinesdnmue saulasaniives Wongsa et al. (2010)
Waz Oliveira et al. (2010) lagsidaatsananalasld acetone:ethanol (1:1 viv) ansiuin
9881931 centrifuged 1 1500 x g W% 15 Wl 7 4-5 ssrTaLTus shawlaUSunm 100

188807 NaNALa "Lﬂ’ﬁ'@msg]@ﬂﬁmmﬁ 450 nm FIWIHANNNFNNT

Total Carotenoids (mg g ) = Ab X V X10°
SRR
AT X 100G

Wa  Ab = @inﬁ"lﬁaﬂﬂﬂﬂsgﬂﬂﬁul,l,aaﬁ 470 nm
v = USINHRIINENG L6t
1% @ a £ A A & A
A = auﬂsxa‘nﬁmaami@@nauuaamwn:maaLmii‘nuaﬂ@ﬂmmmaﬂau 450 nm

Tauld acetone LilugIana AeLvinnu 2500
G = RBNA8EN (NTN)
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3.3.5 USunwaaalslaa (Total Chlorophyll)

mMitesilsumasalsfasninua aaulasan3tues Ramesh &
Devasenapathy (2006) lagiind18t19u1anNaaI8 acetone  ANNULTNLH 80 %USuo4 10
adanT iamlznUsudSunasliasu 25 Aadaaslas acetone ANNLTNTH 80 % #aIN
ifuﬁﬂﬂ’?@@hmi@@ﬂﬁuumﬁmmm’mﬁu 652 nm AWIHAINNFNATT

Total Chlorophyll (mg g_1) = OD at 652 nm XV
34.5 X WE

Wa  WE = YNNI IFNG WU
v = USNNATVIRIWLENRNA beT

Qo a Q€ a { {
345 = awﬂs:a“nﬁmaams@@ﬂﬁuuaaLawwzmaaﬂaakwgﬂa‘ﬁmmm’mﬁu 652 nm

=S @ a
3.4 AnvaNuLuiNe
3.4.1 MIWLRLITAR
[ & o 1 s a % % o A
iwaanziSId ldlng (Caco-2 cell) laTuanumineabuisas dswiafinmlan
o d ° ¥ 2 {
lagld passage N 29-32 ¥NMILALILTAR bb 75-T flask ( VWA 75 cm’) LALLTARN LT MANNT
=g A o @ 5 2 A g & [ =g &
\RBIENE LY 4x10° cells/em” uaziApuaImRABITASNN 2 T4 lagamITALITaAT
1% A complete medium Ninglaaludianmgs (DMEM) 14 10.0 % heat-inactivated fetal
bovine serum (FBS) nyaazilulaidndu (non-essential amino acid) 10 HadAAIANT
1aa-Ngadu (L-glutamine) 2.0 Aadlua/fas uanlWina3du O (amphotericin B) 0.5 FaAnTa/
807 lauan luGu(gentamicin) 50 Nadnsu/Aas HEPES 15 Fadlua/das  uwaz lodowly

ASUBLUA (sodium bicarbonate) 44 Uadlua/aas

3.4.2 M3Ansanalwiinaalsadniu35 MTT

|88l Caco-2 cell line 1w 96-well plate lasfdwiwmadiSudwyiniy 500 1was/
a3 vmstwziasaliuszazim 24 5alug asanandianedenldiiosdsuaniues
LazAZAUNIRNATIENMIT A DI T LA T AN R T ua N AdaINNT %aag’luma 2 pg/ml
119 600 pg/ml lauld DMSO 0.1% Liudradniniugu vnstumanals Caco-2 cell line
Juszozingn 24 Talug aesuszezinaisinan Tillassannaananioss uaziayenwiy
Aosmasaslulng dudedluszazing 24 $alus uazinlunasoudas MTT lagidn MTT 73
ANUTNEH 50 mg/ml lu PBS 53103 50 pl vmsdaduszaziom 4 salug mﬂﬁ?ugmm
NTRILTASLAZ MTT 88N La2I8196e DMSO 1/501@3 200 ul Az Sorensen’s Glycine
Buffer, pH 10.5 U3a1a3 25 pl mvl,ﬂ"i'@@hg@ﬂﬁuu,mﬁ 570 wluuas W ldmniaanaw

dose-response lagNANTINNANMUTUTUVBIRNITINATIUIN 8 J2AU IFALaRLVaILARLANY
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TAULTUTH 91N 96-well plate $1WI% 4 Tad LAIGIWIBRIANNTUTUVDIAENNFINITD

NAULTAR b6 50% VBITIWIULTARNIANA (Muangnoi, 2007)

@, 1 (5 6 . .
3.5 ﬁnmm‘uﬂumiéﬁumiﬂanmﬂwuq (Antimutagenicity)
PFIFNAHIUIINFNAGIL UV INARAUFN U ANIITIATIN NI BRITE1WANIAD
ﬂmUﬁuf(Antimutagenicity) 10837 Salmonella test (Ames test) aauUaiaNnITNNTVES

Oonsivilai LLazatwe (2007) laglduuafiise Salmonella typhimurium ﬁ’]tlﬁuf TA98 (Moltox;

=S

Boone, NC, USA) GmLﬂumsmaaumiﬂmﬂﬁufmﬂmmﬁamaama (Frameshift mutation)
1%’«31%%@&! 6 au ﬁlﬁmmi?u Vogel-Bonner minimal glucose agar (5ml) ﬁa%QNLLazmmi
T4 top agar (2%) #9190 Moltox (Boone, NC, USA) siidauuafidadiasnsfiimnnz131y
Taaalua113iia Oxoid#2 nutrient broth YSaunaw 12 m LLﬁaﬂuluéwm‘E’wwﬁ”ammsi']ﬁ'qmﬂgﬁ
37 aenaaLfos win 16 52104 tensuimue Boansdens 8 i 628 0.9% sodium
chloride (NaCl) etas OD sudrfiaueInan 620 wilwwas azldUszunm 0.3-0.4
LLﬁaﬁwmim%mmsmzﬁuﬁamau"l,sﬁﬁuuu Mammalian microsomal activation system (S-9
mix), R®138ZAY 2-amino-anthracene (2-AA) stock solution (1,000 pg/ml) w3 luans
dimethyl sulfoxide (DMSO) luannazlaaaida aniwhansaiagwsanazansluans DMSO
udnTasuuUYaande Fnsiseanfiszauanududueiud 0.05 59 0.80 mgGAE/mI uda
ﬁwmimaaum‘sﬁaﬂmﬂﬁuf (mutagenicity assay)

mmasaumaiusinianaoius lasi eppendorf tube AUIa 1.5 ml 1@y 25 pl
POIFIROAINWITUARZAMUITUTY W0 DMSO w3 2-AA 1dn 50 ul 289188 Salmonella
typhimurium TA 98 UaLdy 0.1 ml V89 S-9 mix NNUHENIY vortex Twidnm sldualu
éwaﬁﬂw%ammmﬁaqmﬂgﬁ 37 adALTRLTEE Wk 20 WA WALAN 0.5 ml molten top agar
Aownlalwmwandisl minimal medium agar at lanvienatineng 3 1 udinlinf 37 asen
LB wn 48 Talas uswwdefiietainuiy control

minageumMudussdumtianaoduiuuy Microscreen ¥inldlasihans 2-AA
(0.3 pg) w38&15 DMSO U3u1a3 25 pl, 813 S-9 mix USu1as 0.1 ml, USinasite Salmonella
typhimurium TA 98 ‘ﬁlLWWZVL’? 50 pL aalu eppendorf tube YU16 1.5 ml li&lﬁ 37 adFLTALTYR
20 Wi UANUNFNALBIMITIU molten top agar USW1AT 0.5 ml WA AT ABULAIN U
LNANITANT mnfuﬁwmmwﬂiﬁaﬁmﬂgﬁ 37 asmmaiEus Wi 48 Talug lusnaisns
RNALIWI VIMINENENT 2-AA (0.3 pg) UazeIsnNad w1 UInnasatnees 25 pl e en,
\@uEns S-9 mix U51na3 0.1 ml wazifie Salmonelia typhimurium TA 98 138193 25 pl 84l
eppendorf tube YW1 1.5 ml VA 37 aveumaidos 20 wif uatindlegefikiumsLy an

WEUALDANTI% molten top agar Y331a3 0.5 ml NEN AT AULEILNUULNANDINNT NI
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a

' ol < @ o { o a .t £
unlinganmnd 37 sseaaifos wiu 48 Talus dudwiulaladnduanziasddn (nis’) Iu
uwazlddrniuauda DMSO lapdinsdsuudadluausssnmd udusasnadudisanas

289n138UEI (% Inibition, Pl W38 % antimutagenicity) %aﬁgmﬁﬂmmﬁaﬁ
PI = (A-B) / (A-C) x 100

A A o A ) Aa \ v &
da A da Swulalafinapiutlunasanasasniiudasdanmainaoiuinnasgiu
B @8 fﬁﬂmuiﬂiaﬁnmﬂﬁuﬂu‘ﬂaa@w@amﬁﬁmmﬁ'ﬂmzwwﬁumiﬁamiﬂmﬂﬁuﬁ:
NI

c da Swunlalafinapiuififianussmwm @wnlalafinigu)

3.6 @nwinszuamwnisudalalasualgasisanaainlugiuig
Tagsununisnasasuuy CCD Hifasplumsenen 3 Tads ldun gum arabic &9
MunanNududuIznineiasas 10 — 20 (X,), 80318 core : wall 1:6 019 1:4 (X)) U8z
qm%gﬁm’nﬁwaam’%ammaﬂ 140 — 160 BIFTALTLE (X,) WEAIGIANTIER 3.1 INUW
MISHENENIENAEIUIIUATRIIAZANY gum arabic waazeMuTNTwINGIoiRMUEaTEINT
frAua LLETTL‘LWVLUﬁwmiLauLLﬂﬂégLaﬂI@Ul"ﬁ’m%aa spray dryer (EYELA spray-dryer SD-100,
Japan) lasaivquamnniuneandszanm 90 aseiaafos AuTau 9.9m /min uaz
ANUAK  (atomization pressure) 9.0x10 KPa Lﬁuméf’sasmﬁ"lé’ldqal,l,azﬂ@wﬁﬂl,l,m
gy LmzLﬁuvlﬂuing@ﬂawu%uéWﬁ%'uﬁmezﬁmsaaﬂqwﬁmﬁamw ATANIWNNY
MEAIW LazanEmeN19laTIassae U
ﬁayaﬁvlﬁﬁmﬁmezﬁmmaaﬁa lavlgldsunndi3a3y Design  Expert 6.0.10
(Version 6.0.10, Stat-Ease, Inc., Minneapolis, MN) Lﬁamama:ﬁmmam%m%’umwﬁmvlu

IﬂiLLﬂﬂ‘Eﬂﬁ’]‘mﬁ'@"ﬂ’miU B9

3.7 ﬁnmﬂ’%mmmsaanqn§ww%amwmaﬂufmtmﬂgamsaﬁmmninshma
3.7.1 USanailuadniavan (Total phenolic)
Usinailuodnranuamansani lé@as3% Folin-caicalteu method eautasanss
2U8d Oonsivilai et al. (2007)
3.7.2 ﬂ"?mmm‘séfﬂuam‘\!aﬁaizﬁmuﬂ (Total antioxidant)

Ui sduanyadassnInae (Total antioxidant) 62835 DPPH assay aauiad

1N35284 Brand-Williams et al. (1995)
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3.7.3 USunwaaalslaa (Total Chlorophyll)

USurmanalsWaa (Total Chlorophyll) aalidad31n35289 Ramesh &
Devasenapathy (2006)

3.7.4 USanowualsiinaad (Total Carotenoid)

USuaunlsfinasq (Total Carotenoid) aallad31n352ad Wongsa et al. (2010)
e Oliveira et al. (2010)

3.7.5 S AaAnT (Ascorbic acid)

YIunadandud (Ascorbic acid) au35u84 AOAC (1995)

3.8 ANBIAMNINNIINIBAIN

3.8.1 & (Color)

Advatlulasuadgamsaiaanludiue Aenzddiszuy CIE LAB lawld
Lﬂ%ad Hunter Lab (Color Flex Model 45/0, USA)

3.8.2 SaANNDI® (Moisture content)

USINmAnuBu (Moisture content) luansaniagnuwnsfidiunszuinmslulasion

TG LR IVERRPERRRD AR e835 AOAC (1995)

3.9 @nsanemelas9a31902835 Scanning Electron Microscopy (SEM)
ansmzlassaienisuendedlulasienualgasisaialudiuig ianzieiy
Scanning Electron Microscopy #38 SEM 3% JEOL JSM 5410-LV a@aui/ad31niTuad Ko et
al. (2008) Uaz Saenz et al. (2009) lagiinalatnsunEumMIaIunasnawmsansnlaslsiia
Uszanm 4 Wit nasanswinmssanalassasimainssualwin (Voltage) 15 kV. Laz¥in

NITNEAINAIBENI NIl 11
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@l’li’ldﬁ 3.1 LWHBNMINAaILUL Central composite design (CCD) maamwﬁmvluimmﬂﬁga
sIEnaluswalasisnuias
Coded variable” Process variable’
Treatment

X, X, X3 X, Xz X3
1 -1 -1 -1 10 1:6 140
2 -1 -1 +1 10 1:6 160
3 -1 +1 -1 10 1:4 140
4 -1 +1 +1 10 1:4 160
5 +1 -1 -1 20 1:6 140
6 +1 -1 +1 20 1:6 160
7 +1 +1 -1 20 1:4 140
8 +1 +1 +1 20 1:4 160
9 0 0 0 15 1:5 150
10 0 0 0 15 1:5 150
11 0 0 0 15 1:5 150
12 0 0 0 15 1:5 150
13 -2 0 0 5 1:5 150
14 +2 0 0 25 1:5 150
15 0 -2 0 15 1:7 150
16 0 +2 0 15 1:3 150
17 0 0 -2 15 1:5 130
18 0 0 +2 15 1:5 170

® Coded level of variables: + = upper level, - = lower level and 0 = center points

b ¥ o o PN [ ' a @ { ' o @
X1y Xy, Xy ﬁa ANMULVNYBVRINNBEIIUN B8RRI core:wall LLazqu\QNm’]Lm’]Lﬂ%aﬁWuNaﬂ [ZREN LM
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UNN 4

wamiﬂmaaauax%m‘stﬁwa

&£ Y '
4.1 ﬁ'ﬁaElﬂZ]‘Ylﬁﬂﬂﬁ%’)ﬂﬁﬂﬂﬂda’liﬂﬂﬂ%ﬁﬂiﬂ 13 N% WN]

USunma1saengninisdaninaaslugiwefianaalsin anines wazesdlawn
LEAINAGIANTINN 4.1 waz 42 wuiasanalugwsssinwUSinminadnnovue a3
duauyadasz wardmiudganiimssialugwsdisianiuen uazazdlau lasmianaly
snunsdapiindlUSunainedntianue 97.899 mg GAE/g lwinefisnsanalugwisdeiani
woauazesdlan JUSumAnadnanue 26,703  uaz 16.456 mg GAE/g US1aLU
B REITUNANIAN V09 Cai uAzAME (2004) ANUINENIRNANNVE P. oleraceae 7 80
peenLoalTos WWwian 20 wn 1ﬁﬂ%mmﬂua§ﬂﬁgwmgaﬁq@ waditesanwuselnalad
aﬂLLa:Laama%maamiﬂszﬂauﬂuaangﬂvlaimvla%ﬁqm%gﬁlﬂﬁqmaa@ (Oboh,  2005)
svdaznauiueinwuannluis fusslomddegunnlasawizmadussdueyyadas:
(Dapkevicius et al., 2002; Jabri-Karoui et al., 2012) lagansisznouiluodniwindlunisu
layyadaszlasianizauua peroxyl s sUsznavinedndsvianir Adlesiunis
Lﬁ@ﬂg‘jﬁ%maaﬂ%mﬂﬁ'ﬂuifu@au Propagation %aa%aﬁmngﬂﬁﬂﬁmﬁzlsI@sJ‘éLﬁﬂmau
mﬂmiﬂ‘szﬂaumjuﬂuaaﬂ (Packer et al,. 1999) WAZINNNNIANEA Phenolic profile @28
HPLC wuissanaanlutiwiledddsznaunande gallic acid  Was syringic  acid
p9flsznausasfe protocatechuic acid Waz chlorogenic acid uaﬂ’ﬂ’mf?uﬂ'dwu caffeic acid,
vanillic acid, ferulic acid Lz apigenin lusnsanadnaae

fnsumsduagyadasziinalnnisdinunandranude fasnuwnsAal uuas
aandanluaniiziss ﬁﬁ@aaﬂé}‘muluama:mﬁauﬁaz%’uﬁ'ﬂwLaqamafﬁfamw layaa
Aaudiusizateandanluan1iss niaaiuauudiusszasluiananiidinaw
wonansngiaansarinlieandanluannsssliamunsaasuwudasluluanzandnle
gansndoNnTNaNNFImefiianasndianluan1izis warausalsusnmwwagauls
mmzz%m%’umsﬁwmmaamsﬁma%aﬁm:aﬂwaﬁﬂs:ﬁ‘n%mw I@mﬁﬂﬁmsﬁmawaﬁmz
mmm%’uﬁ'ﬂaaamaaIamﬁﬁmwummmlumia%aa%a%m: wiw Feo 6 (Wildman,
2007; Mao et al., 2012) wananisadnifilumsdugal§iseduusnsamafialjisen
panfiaty lapdunveuysdass  1ou  laasanda (hydroxyl radical) 3unUlaaauasngn
s’ﬁuﬂué”maﬂﬁﬁ%m V‘hmawﬁmﬁmﬂﬁﬁvlﬁmnﬂﬁﬁ%maan%m%’u"f?mlﬁﬂ (primary  product)
LmzﬁﬁmUﬁ‘uﬁ:vlaimwmada’ﬁéiy‘aéfuﬁa:mmmLﬁ@ﬂg‘jﬁ’%maaﬂ%mﬁuvlﬁ (Shahidi, 1997)
ﬂ%mmﬁaﬂ‘ss&lmuﬂumiéﬁuawaﬁa‘s:éffssﬁ% DPPH  49190ani9nnusaIsnuadans
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nagaulunsidneuyadas: lasnislilalasauezaanainannasauunayya DPPH® G
\uauyaagud lag DPPH radical 1¥lunisneasauanusmunsalunmiaseyyadaszued
§M3918819 (scavenging activity) sn3azangwas DPPH® aislueniues wasialesy H
anapmilumasanufmnany (Brand-Williams et al., 1995) 91NnI3ANEIWLINLUSUII4NNT
Lﬂuaﬁéﬁuawaﬁmmaamsaﬁ'@lushmaﬁ’sm{'] (ICso 0.197 mglg) Hdgendansanaly
HUN908LeNUEA (ICs, 0.333 mg/g) Wazazdlan (ICs 0.419 mg/g) AMNE1AL laLENT&AA
11Jzhmaéﬁﬂﬁ’]ﬁiaNa@iaﬂ’%mmﬁaﬂﬁuﬂ’mﬂumsﬁ’ma%a’émz DPPH gmﬁmﬁﬂuﬁums
Wa3gIunIanasnasin uaz BHT (ICs 0.36 uay 0.34 mg/g aN&1AL) A1WILNIIATIER
suUAnIdweuNaBaIzd187T Ferric Reducing Antioxidant Power (FRAP) Lilun13ia
mwmmm&lumiﬁma%aﬁai:ﬁa%u@%aLﬁ@mnmﬁaasﬂ@ﬂl‘fﬁﬁﬂi:nauﬁaeﬁaumao
wmanase Fe& Au TPTZ (ferric tripyridyl triazine) léa1sUsznaviGtanaasnaninesa
Fe” iU TPTZ Bsiimingu Lm:@@ﬂﬁuumﬁmmmmﬁu 593 w1 luLaaT (Joshi et al., 2010)
lunwiﬁﬂmwudﬂaﬁaﬁ'@luﬂ'wmo(ﬁaﬂﬁﬁﬁmmmminlumi&ﬁua%aam:gandwmsaﬁ'@
fp  Lamueauazazdlan eouaasluasei 4.1 dumsiersienusuisalunisen
aUNADRILEIY 2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 1w siaaNuENITD
lumsduayyadaszzasmiana lag ABTS '«J:gmﬂ’f&"wn"]uawaﬁm:ﬁaﬂmmaaﬂm?mu
Wastaine (K,S,08) LL&:@@ﬂﬁuLLadﬁmwmmﬁu 734 w1 luluas (Bae and Suh, 2007) 1u
MIANE IATIERANNENNNTIVRIENTRNA las T nIaLasnasONLas BHT SIPCRLRMILEY
LEAIRIANTIIN 4.1 wudﬁmsaﬁ"@lummo@hﬂﬁ:']ﬁmmmmmlun'ﬁﬁ’mawa‘ém:goq@
(ICs, 0.077 mg/g) MNMNIANHIANVRINITA IUMTAN U NTLATUVBIFNTENA LUENUIIGIAD
DPPH, ABTS uaz FRAP wudwmsaﬁmlushmm”aﬂﬁﬂﬁauﬂ?ﬂumsﬁmaan%m%’ﬂﬁﬁﬁq@
Faxunuiivdsumasdsznaviuasnmenuafiiludiatne lasarsanalandusum
msUsznouuednanuaunnazdanumunsalumsduaandasuannisuiu

) a = a a = . . I v a dl :/ v

fwIUUSINaIanling (Ascorbic acid) uandnueyyadazNaINInaEa i 16
ﬁ]zamﬂéhvlﬁdwmﬁaé’w‘i’aﬁuaaﬂ%muw%agnmw%u AN VWL ULRRIVIBLANATAWN
fNTENIUNUaYABAIE LT Hydroxyl ez Superoxide MlFAansadiosle (Igbal et al.,
2004) MTIAAINARTINITALILENANUFINNTVINTALaFAR DN lURITA28E19NYN
Unsenuansysenay 2,6-dichlorophenolindophenol (DCP) %G%:Lﬂﬂﬂ%ﬁ]’]ﬂ&%&l?ﬂ%ﬁﬂ’]’sz
& A Al a I ' I aa A ° o ca ' A &
WunsanIadrinEwlugn1zdueadw i i g SﬁwzmlﬁﬂmLLaaﬂmUﬂagiugﬂaaﬂéﬁVL@a A
LAWINENIFNA LU WIINENAGI BN ﬁlzﬁﬂ%mmﬁmﬁu‘%gqﬂiﬁmmﬁ'@ﬁamamuammza:éﬁ

1o @RI
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dudSunmunaalslasninua (Total Chiorophyll) Lﬂuﬂfojmaﬂi'@qﬁwuluﬁ%ﬁ'ﬂﬂ
' & [ a (Y 2+ A a [
liazanoin lulassaivesasalsiladazdsznavldedn Mg Saduluanadassaninlldy
Qs =) { =) J aAaa a s v qll v a 1
nuauyadasziifiaduanndjisneandiatuld lasnluudraaalsflasaziianulade pH

a a Y ' a a a 6 ] A
aounn i uazazgy e lddnorznitinszuiuniiniea lasUndanalsladazaglugua

A

[y 2+ 2+ ° @ =
Usznaudin Mg legaiduaniwly luana Mg™ azngasanainizuuuazti ldnanodu
AlalWdin (Pheophytin) (Ferruzzi & Blaeslee, 2007) lunsitasnzrenaaslslagazanansn
a v v & QI/ U 1 a v
Aazvinisdan’ld n3a By Chiorophyll Tlasnaldudisinguanalsilad azdsznaulidae
A A A a A a . . Aa wal Y o« . A '
§170u98n Aa3anNud (Vitamin - D)  NRqmandd liazasluwin iWudunislunguues
analaflad Likasanifiaunannidiansiuasadaaalsiladnagluluis annsfinm
o ' { o o o o ' o £ = o Aa & '
wuhasialugwsnaiadsdiazasdiuuaasgniidusmsdueuyadaszidungy
a Aa a dl s ] [ A a A 6 1
200300iud (019197 4.2) lasasanalugwidisiemueaivianmasalifladgeniias
snadoazflau sruasnadmoihivianudinga
& |a ~ ¢ & . s = o L e @
wananiUSanaualsfiuasdninue (Total caroteniod) Taiussniagisunumy
AnalsWas lassanvadualsiunasalsznaudislasegisnannidursumin swnsailfeu
| a a . . o ' (3 =
juan B-Carotene luiiluiandiuia (vitamin A) ldlasnsuaniwuszguasdunianonansves
é I £ a v 0/ 0/ a dl a é’ =3 o v
luana Ssmansndussduenyadaszle lasazdunveyysdasziifiatu Jsviliiiana
é/ g; ¥ =) =y
@D 8NN (Packer et al., 1999) lunmInasasasih MIdanziusumualifiuosdaz
Aanzhlugivad Pro-vitamin A caroteniod (Oliveira et al., 2010) Wud1aIaialugIwIIN
o o o o ' % £ = @ A I3 ' a Aa {
snadisaiazasdiuLaaIgniluasduenysdasnidunguresianiivie (a31490
4.2) lapasanalugwadisianueauszazdlaulvsanaualsfiuasd liwanedrein uazgs
AINRIIINAAYUN
~ LV a = a g; £Z a a a a
AW AU mansUsznauAuadnninua RNIIATUDRYADRIE UATINNUD Tu
a ' ] t:ll et v :’ A dl dl a = a gj
dmatluduenaiadisiniidiainiige tiasandInnuansdznauiuainninue a3
AU UNADFTE waIAIuT snaunsoazansluiinlé (Bae & Suh 2007) asstuALYTINMLA
A ¢ & A e A o o YA, o A o .
Isfiuandnanue uazaaalsfaanmuananadoihddtasngaftasanlisaninazaslu
il (Ferruzzi & Blaeslee, 2007) wanannuKaIUINMaTUszNOUAUANTIIRNA 81T
% a a a A A o o 6 o A v a o di I
duauyadasz wazdaniing danusuiuinuuazduwbinldlunmadoaiu tesnniduas

ngufitinilasiunaifadjisoneendiatulusunau Propagation uazaza1uin (Bae & Suh.

& | =) Qs L dl 1 a
2007) o duldlunadernunun1sinsnved Majhenic  wazAme (2007) ANUILUINNN
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svdsznauduaAnninuauszaduayyadazludiadiaIananiuEe guarana Nana
Y S A A ~ ' a a & < A & a
drwifiduiniiga uananiiwudndTuinnualifiuesaninuauazasalsladninuadl
v o o A & ! [ AV g ' a A6 '
anuduiusiu asndumslungussaiagnliszamoiudazasluan@unid i ngu
6 a v a o vl =1 = [ L% [ & ] a
waanagaa wazluwilduluniadeiny ladnsansuioInuaNuFNRKEsznIsdTum
Pigment f%aslu@l8819 (Total Carotenoid Waz Total Chlorophyll) Wu3n tilatSuntu

U

A {gs A £ a =l (3 A & o
ﬂﬂ@IiWﬂﬂ‘le‘]‘ﬁ&J@LW&ﬂl% ﬂiNWMLLﬂITﬂ%Bﬂ@ﬂd%u@ﬁ]zLW@J‘U%(ﬂ’)El

A13191 4.1 Y31 mmsﬂi:ﬂauﬁluaﬁﬂﬁ‘mmLLa:mséT’mawaﬁmzm‘saﬁ'ﬂlu HU19N

NA IHAVINRZANLNANIN

Yanang TPC DPPH ABTS FRAP
extracts (mgGAE/qg) (IC50, mg/g) (ICs9, mg/g) (mmol Fe2+/g)
Water 97.899+1.735 0.197+0.018 0.077+0.011 0.054+0.0015
Ethanol 26.703+1.642 0.333+0.024 0.191+0.059 0.034+0.0012
Acetone 16.456+2.968 0.419+0.091 0.312+0.056 0.014+0.0006
Standard
Ascorbic acid 0.36+0.01 0.041+0.026 0.059+0.028
BHT 0.34+0.04 0.090+0.010 0.254+0.143

*Values are given as mean + SD (n=3).

Ad. 2 Aa Aa = a 6 & a {gﬁ a
M1319N 4.2 LEAILUTNI I U WD LLﬂIiﬂuaﬂl(ﬂ‘ﬂd‘ﬁﬁJ@] LLﬂzﬂﬂﬂIiWﬂ NAUA VBIRIIRNA

lU N ININAGILAIINAZA1UNA1IN

Vitamin C Total Carotenoid Total Chlorophyll
Yanang extracts

(mg/100g) (mg/g) (mg/g)
Water 39.20+0.39 15.76+0.02 3.174£0.14
Ethanol 28.93+0.28 59.97+0.26 844.87+0.209
Acetone 25.20+0.25 58.41+0.73 528.40+0.35

*Values are given as mean + SD (n=3).
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@ a o 1 1
4.2 ﬂ’]iﬁﬂ‘]&l"]ﬂ']’l&lLU%WHﬂaﬂﬂﬂiﬁﬂﬂﬁ)’]ﬂiﬂ El’]‘l*lfl\‘l@liﬂl,"liﬂE:\f

minesaUluiainesss (n vito) lavldiaasla waraIndsznavvedioas
nageuanuduisvesssstafianudutudiogin  IWnaiidedeldusndufivonsy
Iumm:ﬁwamimaauiuﬁ‘%’@lfﬂ@aaoﬁ'ﬂa:maauﬁﬂ%mmmsmﬁgeLﬁumwmﬂuﬁﬁwmmm
é'fiamﬁlvl,&iaa@ﬂﬁaaﬁuﬂ’%mmﬁmguﬂﬁ%‘m’%a WANIMNINARAM TR SLTad H9l5zna
Mo sulszanm sansnfieznasesi ldannnii uasfiganlideandytvesdnenou
fdadumsldaninasasdndae (Cetin et al, 2005) msdnsanuufndormasuasas
&NALUENWI9L% Caco-2 cell lines lag3T MTT assay WU @1 IC5, UBIRITENALIUIINAN
A1NN31 100 pgiml Gougasluanad 4.3 Lazela819AILANAD 0.1 % DMSO laivinl#iAa
Audoirasi oo oAU Tas ATIANILaN MR I TR atuisAainansanaann
lugune fﬁ'@a%iluﬂéjumaaaﬁﬁﬁﬂmuﬁm‘iwia Caco-2 cell lines ®OAAABINLITUIALVDS
Okonogi WazAmke (2006) lavinnsdnsaNuaINITalunsiwaandiatuiaranu iy
va41fenHa launeriiada Caco-2 cell lines Waz peripheral blood mononuclear cells WL7N
gvanantldanislUss@nianlunsiduasiunisiineenBlatuannsISNTIA LAY
mmzﬁ%m%urnﬂu"l,ﬂi“ﬁlﬂumsﬁmmma%aszﬁﬁﬁnﬂﬁimm€I1uwamﬁmsﬁmmw%a
NAAN UM EN Lﬁaamnﬁﬂ%mmmaamiﬁmaaﬂ%m"ﬁuﬁauﬁwgdLLa:ﬁmmLf]uﬁw‘iw (ICso >
100 upg/ml) LEWLALINY Boivin  WazADLE (2009) "lén"ﬁmwmfﬂmiaﬁ@mnﬁnngaﬂwéw i
anusEnTnlunsiusmsutsiamasuzseld Fsanusunsolumsiusnsul i
Yo madhazuandsiulwmaduziSudazsiia LLazﬂ'&%‘uagjﬁ'ummmmsnlumnﬂuéﬁﬁm
M3iaeenBLaTwUaINTLAa:TRABNG18  LALREAAREINUNNIAN®IUEY  Oonsivilai LAz
amz(2008) lagldvinnsdnmnenudufimesaiananisadeimaduiass g 53ums Caco-
2 cell line WU N3&TAGIY petroleum ether SRBAUITARINNNINENTANABHY WazENTANA
WaERen 1C, Wity 147£15  pg/ml sauﬁ”’aﬂ'owud’lmmmmmlumsﬂ'usﬁzamnﬁtymaa
LIARNZLTIATUANAINUANLATRAYDILTAR
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AN 4.3 UEAIAT ICx (I/mI) VIENIENAEN WG Caco-2 cell lines

Yanang extracts ICso ( pg/ml)
Water >200

Ethanol >350
Acetone >200

*Values are given as mean + SD (n=3).

@ 1 %
4.3 nydnsnsiuarsaiwnisnanan ﬂwuﬁ: (Antimutagenicity)

nniInaseusutanisiinaiwlunisidusisdrunisdanatoWus
(Antimutagenicity) 1a3% Salmonella test (Ames test) ANNNNA 4.1 WUIIRIT 2-amino-
anthracene (2-AA) S1N30YNUHA38NY S-9 mix Defitamn laal cytochrome P450 L&I8101T0
nazguliTa Salmonella typhimurium snuWuE TA98 nauNEIFaGAGW AR THAWD e
NaNuNTUad 2-AA USunakuesa Saimonella typhimurium SNuWUS TA98 34133y
U ‘3‘ t{q/ 1 e L 1 1 s g; 1
ldwntu nmmeseunndumMItenaoRuizeImIanaiIw  wWudnIguginine
NAURHTVBINNT 2-AA TBIRIRNAIUWNNANAGILIT @335 Salmonella test (Ames test)
lavlfuuailiSy Salmonella typhimurium sneWug TA98 dauaadlunini 4.2 ssanadiuned
gNaauinNdInnma Ut uTn eI keI NYNAY 0.854 mgGAE/mI  ®1X13I0ELEINITMG
L 3 A & & 6 o & ] e & > .:‘4" % &
naewusldgeganefifudnsdudamananaaWuiiiniy 64.21%  wananinIgud
nItanasuiianuudsiulasesiiuszduanududusasaanaduIuuiug1uses
a A A A o A a o A X ¢ & & o & '
YSunaduednminlasllaszauiuednmuvasssanaivndn wesiGudmsguginsnanais
o € £ ' o ' A v & v 1 o ¢ A
Wuggadu nalasasdasanadiusluwmlindusnsdunisdenaiswus uazaasil
Nuwdsadnduludwnsnasaunsiuasiuuziss nsnmaseslunasanassd uazly
v ¢ A A @ e o ' \ o v & ! a o & A
dninanas iNaduduguantadinany newihldlfidududznavlunfadimsions wia
NAAA UMLEI NN TRe U
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NN 4.1 URAIANMUFNANBTIZHING Conc. 2-AA (ug/25ul) NU 1wIuaaTaLuafiEe

Salmonella typhimurium &1 Uﬁuf TA98 (colonies/plate)

MW 4.2 usasnIianaeWuiveITouuafii3s Salmonella typhimurium sNuWuE TA98

MoaIanagwenanameih (JSnuuedngigaiviniy 0.854 mgGAE/mI)

4.4 nszuumsnanlulasionualgazasarsana ludiung
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a Aa > (d‘ & 1 v ad | ad A
nandandanusindudiunanluainsdinitlulesenuadgaduitnaunm
Baangmiiuinsvessiddguazinmasddenavlundadusi lild uananiidssanm
fosnumadfsuidasmemenwaassniday lasiidulsznaundussnfou (wall) Lag
' A o @ A o o Y A 0 o & & A ) A
sufidumiday (core) uananiidasilimaefevuazasdmagidwiodoiiuannige
walildvmnadalulasewuadgaaufidasnis (Gharsallaoui et al., 2007) NNHA
miﬁﬂmmmamvl,uiml,aw,mﬂsgammﬁ'@mrﬂ;uﬂ'"umo@i”au%%WWJau (spy-drying) 1NA1314
dl 1 Af =) =3 g v dql
71 4.4 wud sseangniniinwanansniiuinmliugtuuylulaseuuadgald uananit
{ a ed 1 QI ! v Q a Q =Y 1 v
WadSunmuasansanaanlugiwaiuuiniunwsaunulsunmwnvesiinanad dinale
a £ 1 PN £ v [ > .
YU Ma 500N NIN NI NTAUANINNTUGIY  FOAARBINUNTANENVES Nori LAz
d' o = a [ . A ¥ ada
(2011) AvmIAnsNIndalulasieuualgaainansana propris #3a bee glue GBI
How lasldina@uuas soy protein isolate Luansiafay wuilaiiuanudutuuaIans
% . & ' v 1a £ v a
81@97N propriis 1IN FHATRUTIIUEITEENANTNNTININ (R1IdueuYABATTUAS
& A & A £ A
svdsznauanliuasd) lululasieuuadgaiidrgeuindu hasnnasaangninadinw
lugnsanaasanddSunmunnin
uananillarnmdnsinasaininda lulasiesuadgamanaainlugiude
VAT & uazawezaslulasiawualss 31na13190 4.5 wudillaisgunn e
A 1 J a dl‘y a [ 6 A A % 1
vodmraINuHagIRUTIMA NN TUlUHAA AUz lidaaas hasnnanuautisluns
laanusuluszuy s Fasidwinlaivanuduturasnveszdndranuaing (L) &
! ] & A A AL A £ A a o A g
Aaaadidarnnuduintes (b*) JEUNVNINIB LienFwesasnuatsedn wanan
J [ v v s a e 1 1 1
pavadlulasienuadrsivegivanududuvesiuanzinuazdandiuszning core 6o

wall

{ a Q 1 1 =3 Qg
MA1319N 4.4 WY ﬂGﬂWSNﬂGIVLMIﬂiLﬂ%LLﬂﬂ‘gaﬁ'ﬁiaﬂ@’iﬂﬂlﬂ guwvdadIvnanTe anNgnND
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NNDIAN
Total Total Total Phenolic Total Antioxidant
Treatment Carotenoids Chlorophyll (mg GAE/g (mg AEAC/g
(mg/g sample) (mg/g sample) sample) sample)
1 4.24+0.06" 0.35+0.01° 4.67+0.35 15.10+0.90°
2 4.46+0.06° 0.37+0.01° 8.36+0.69 22.48+0.74°
3 5.28+0.10° 0.39+0.01% 16.23+0.70"° 25.40£014"
4 8.07+0.93° 0.84+0.05" 20.71+0.89° 30.42+0.25"
5 2.49+0.31" 0.35+0.04° 11.31+0.69" 13.84+0.00'
6 4.44+0.21° 0.31+0.00"° 16.72+1.39"° 20.59+0.26"
7 5.32+0.25° 0.44+0.01" 22.13+0.70°° 20.35+0.44"
8 6.35+0.34" 0.37+0.02° 23.1140.69" 26.47+0.92"
9 3.50+0.09° 0.48+0.04° 10.57+0.35" 14.76+0.26°
10 3.46+0.11° 0.44+0.02° 10.93+0.82" 14.03+0.26°
11 3.44+0.06° 0.45+0.02" 11.10+0.48" 14.76+0.26°
12 3.41£0.01° 0.46+0.04" 10.70+0.20" 14.39+0.25°
13 2.24+0.25' 0.46+0.01" 21.14+0.69° 10.38+0.25'
14 4.99+0.52" 0.43+0.01% 30.98+0.70" 15.37+0.74°
15 3.54+0.23° 0.54+0.01° 15.24+0.69° 12.74+0.01"
16 7.45+0.45" 0.8620.06" 17.45+1.74" 31.88+0.26"
17 2.11+0.09' 0.27+0.00° 26.06+0.69° 14.47+0.41°
18 3.33+0.33° 0.36+0.01° 36.22+0.75 16.34+0.29°

a

winuag: anafsifidnsimnvdsnuluumausasihiienuuandiuadsiiveidynsaianzay

(%

ANULTaNUIa8as 95 (p < 0.05)

M139N 4.5  Wal aamswﬁ@"Lﬂmmmmﬂegamsaﬁ'@ﬁnﬂlu HNUNIADTDUATNANRR AINT

=
RUAZUUNAY aﬂuimwmmﬂga
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Size
Treatment Moisture (%) Color (L¥*) Color (b*) microencapsule Yield (%)
(Hm)
1 6.07£0.37"°°" 88.78£0.05 8.23+0.04"  5.80+0.84" 50.180.43"
2 574:022"  89.10£0.03° 8.10¢0.15" 5.80+1.10" 50.43+0.14°
3 6.07£0.38°"  86.95:0.05° 9.18:0.09"  4.40£0.55° 50.08+0.23
4 5.49:0.18" 87.320.06° 9.51+0.16°  4.60+0.89° 50.03£0.15"
5 7.18:0.80°  88.56+0.03° 8.24+0.05  9.00+1.58"" 43.410.50"
6 592¢0.37""  88.81£0.14° 8.15:0.03" 8.00£1.87" 41.49:0.46°
7 7.29+0.45° 87.93:0.24" 8.83:0.14°  7.80+1.48"" 38.65+0.33"
8 551£0.38"  87.40£0.15° 8.65:0.16  5.80£0.45 39.810.23"
9 6.40£0.25°"° 86.78:0.17" 9.23:0.16°  9.00+1.58"" 50.68+0.48"
10 6.37:043™° 86.41:0.01 9.43:0.02° 9.60+2.19" 50.05:0.15
11 6.56£0.14"°"°  87.23:0.01° 8.52+0.03° 9.00+1.22"" 50.48+0.36'
12 6.86:0.38""  86.92:0.23° 8.96:0.22° 8.40+1.14"" 50.74+0.15°
13 6.66:0.72"°"° 86.46:0.01 10.25:0.02" 4.60:0.55° 52.95:0.38"
14 6.34:0.20°°  85.98:0.14° 9.54+0.09°  7.60+1.52" 34.98:0.16'
15 6.48:0.34°°  88.35:0.10° 7.88+0.05  9.40+1.14" 47.140.42
16 6.96:0.71"°  86.23:0.23  9.79:0.09°  7.400.55" 46.48+0.39"
17 6.17:0.06™°" 86.89:0.25° 8.90+0.23°  8.20:0.84" " 51.240.50"
18 6.29:0.07°°" 87.91:0.05" 8.43:0.01° 8.20:0.84™" 50.60£0.42°

winewme: *anafsniansymiudnuluumaiuaasidanuuandriiuedadveddymesiianizeay

a

(%

o

AN UIBERT 95 (p < 0.05)

%é’amﬂﬁfuﬁwﬁagaﬂﬁmﬁﬁmﬁLmﬁzﬁmaaﬁa@”’; alUsunyy Design-Expert

6.0.10 tNBWIANNTNTUUBINNAT2TN 0AINFIUTZRING core @a wall LLa:qmﬂQﬁﬁ

a > 1 =) =) Qf
mmzaulumwa@]"l,uiml,ammﬂégaaﬁaﬂmnﬂ‘lumma lagazRan s ySunaansaangns
NN AT § Sopaznania uazpiazadlulaneuualgamianaainlugiuwng 9n

a U et dq’
ﬂ’ﬁ’)LﬂiWZﬂwL@]Nﬂ@Nu

4.3.1 SouazHanan (%Yield)
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PMNHANIANITDURZNANAN WUINUSNIFNTRNA bUENUNS (core material) ANAn
fs'mNﬂlﬁﬂ%uwmwawﬁmﬁuﬁuasi'mﬁﬁfm%wﬁmumoaﬁa (p<0.05)  lagnsianualansana
a8nuazIdn (wall material) ‘ﬁmmzaw‘iﬂﬁizuuﬁnﬁmuquLLazﬁ'ﬂLﬁumiaﬁ'@Mﬂ'"nma
isanalilasiunmagaidossdrdn 131d (Mehmoush et al., 2011; Gharallaoui et al.,2007)
WA 43 ugasnsd 3 Ha Namaaﬂs:mumﬂﬂmLauLmﬂsgamsaﬁ'@mnlushmwia
YSINHANER lasanuidutuvasnvasnin 8aEU289 core  @a wall material WA
QM%QﬁmﬁLﬁwaaLﬁMWuNaﬂ gInaaaUSImHanae lagnuazdnfianutududigons
@iaﬂ%mmwawamqa lasaadI% core @a wall material LLa:qu{]ﬁmLﬁwmaaméadwmaﬂ
aglugaaning m:mumswa@VLwImLauLmﬂsgamaammﬁ'@lushmoﬁmmzammzdawaiﬁﬁ
TOURZHANRAGY (R’=0.93) fa anuidutuzasnvaziindouss 10 8a1dIU289 core 6@

wall material 1:4 LLazqm%Qﬁ“lﬂL"ﬁl’I"UﬂGLﬂ%aGWHNE}U 160 B4FLTALTE

S

52.6047 52.5929 “‘:és

49.7243 50.2283

46.844 47.8637

43.9636 45.4991

=l =l
> 41.0833 > 43.1345

0.25 160.00

150.00

0.21
B: Core:wall 0.19 12.50 C:intel Temp  145.00 12.50

A: Gum Arabic A: Gum Arabic

0.17 10.00 140.00 10.00

AN 4.3 n3wW 3 U@ meNa*’na\mi:munwﬂﬂmmmmﬂgam‘saﬁm’mslushmwia

UV UNRHNES

=
4.3.2 §1399NNHNTINN
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Mm‘sﬁﬂmmswam"LuImLauLLmJ:qamsaﬁ'@mﬂslushund zdnulasiiruaninu
U v Qo ] | v = 1 1 J [
Wutuansanaantugiwnaduiosas 5 (wiv) wazdaIEIRKIZRINg core:wall linagny
=3 v v L =Y 1 =3 =) g: J 1
USunmanudntuwadsnyaiszin mﬂNamiﬁﬂmwmwﬂimmﬂuaaﬂmmmuagﬂumw
v @ [ A [ ' ' ' [ A 2 A A
T BYaINNa1IzdNULazanTEINIZHING core @ wall LEAIAIAINT 4.4 (R=0.83) Tl
v U = a v Q AQI a v U Q 1 ‘31
AL NTUUDINNATZTNAT WIANNULANUS U AN VLT NT WY 8981 TRNAANA MU EI WIS NN
1 v A A a 3; A n' J 3 dl' A' J a s g; U
RINAAUTI AU R NNIRNARANANTU LG8 LHIINNITIANT BV IUS NI e TINAAIA
uaﬂﬁnﬂﬁﬁdﬁLLMM;JMM“?]WNL?}mﬁuﬁuﬂ%mmmiﬁ’ma%aﬁaiz‘ﬁmm LEAINIATND
4.5 FAAARBINUNNIAN1VDY Berczak uaz Kolodziejczyk (2010) lavinmsansnmisuaalala
v =) ] = 1 QI J
smmmﬂégamm%wuclasmnmsaﬂ@ black currant WUINANIANUUVDIRITLAROVLAS
g 1 1 1 J 1 v v a 1
AAAEINTZNING core @a wall YINTH mwa&mmimua%aam: miﬂi:ﬂamguiwﬁ?\luaa
& . PN " oA £ o ' @
numaﬁﬂqml,aﬂﬂ"lﬁﬁmuu FAWNUNINTUGIE LTULALINUNNIANEIVEI Ahmed LAZADAS
(2010) WAz Jabri-Karoui WazAmhe (2012) ﬁwudwﬂ%mmmséf'}ua%a‘émzﬁmmz?uﬁuf
s a =1 a g; a A a 3; a' J 0 v U a
lagassnulsumiluadinninua I@ﬂﬂimquuaanmm@wauaoNalwmimua%aam:
o ¥
VNN
uaﬂmﬂmiﬁma%aﬁasmﬁﬂumsaﬁ'@mﬂluzhmaﬂ'awmwﬁaaﬁﬂs:ﬂawaa
o A ~ & Al € = \ a a €<
F9A1anAe walsNuauauazanalsWas INNITANBINLINUSU I IMAR LINANINUALSS
a g: &/ 1 U U Q a Q 1 1 1
ﬂimmLmIﬁﬁuaﬂﬁmmmuang‘UGn’mmewuaaﬂwmi:mLLa:amﬁmmzmn core @8
') { o o A { v @ o PN [y [
wall  LEAIAININN 4.6 WAL 4.7 ANNAIOU T9LNaaaANUTNTwyaInyai1szings wiaunu
a a v @ v ' & ' ° v 1a &
LU U AN UL U WY BIRNIINAIN MU ENUIININT Y FINAYIALSIN e lsAnaganInaa
a a Fg: A n' J % % e =1
LazUSUI AR LI NARNINUARANANNINTUAIY ROAANDINUNIIANEIUAY Ersus WA
Yurdagel (2007) ld¥ms@insmindalulasieuuatgassaniaain black carrot lag3Tnu
Nag WU aLANEATIEIRIZHING core @ wall LazANNLTNTUIBIFIILAREY (Maltodextrin)
1 o v a d | [ a ﬁ A a' J v i g; a
awam‘lv\LLauIVlVLGnmuwmLﬂmammqmuwuwmmumnmumﬂ AIHHNIZUIBNIINES
v \ 4 , 9 a £
Imtammﬂqjamaamiaﬂ@ﬂummd‘ﬁmmzﬁmLLazmNalvxﬁﬂsmmmsaaﬂqmmd%amwga
Ao ANV NTwYaINyazINinsasas 10 anIN&IkAY core @a wall material 1:4 IREDIEY

o a \ ~
PN VAILAIDINUNDE 160 DIALTALTER
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6.98411

Total Phenolic

B: Core:wall

NN 4.4

Antioxidant

B: Core:Wall

ATNN 4.5
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Total Phenolic
~
©o
(=3
o
@
oo

C: Intel Temp 145.00
A: Gum Arabic
017 10.00 140.00 0.17

B: Core:Wall

N3 3 U@ LLﬁ(ﬂdNa"llaGﬂitﬂ’luﬂﬁivL&IIﬂiLauLLﬂﬂ"gaﬂﬁiﬁﬁ@ﬁﬂﬂi‘ﬂEhuﬂd(iiﬂ

Il uadnninue

246425

21.5825

Antioxidant

20.00 160.00

0.25

150.00 021

C: Intel T 145.00
A: Gum Arabic e

0.17 10.00 140.00 0.17

B: Core:Wall

N3N 3 4@ LLﬁ(ﬂ\‘iNﬁ"l]E]dﬂizﬂ’]%ﬂ’]ivLﬂJIﬂiLﬂ%LLﬂﬂ‘Eaﬁ’]iﬁﬁ@’%?ﬂlﬂEh‘lzﬂx‘](ﬂla

ﬂ%mmmsﬁma%aamzﬁmm
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0.65425

0.590088 0.62675

0.561125

—0.525927
B
S.0.461765 5, 04955
o 2
o £0.429875
5 0.397603 s
g & o3z
= g

e

20.00 160.00
0.25

150.00

B: Core:Wall C: Intel Temp 145.00
A: Gum Arabic

0.17 10.00 140.00 0.17

B: Core:Wall

AN 4.6 N3 3 U@ mewa"uaoﬂi:uuunﬁsVLuIﬂsLauLLﬂﬂégammﬁ'mwniu:hmwia

USumaaalsWasanNInae

5.723

6.093

511086 | U\

5.28113
» 449873
=
3 0 4.46927
S 3.88659 B
° S 36574
@ 3.27445 g
o 3 284553
g =
E 5

°

160.00
20.00

B: Core:Wall C: Intel Temp 145.00

A: Gum Arabic
0.17  10.00 140.00 0.17

B: Core:Wall

NN 4.7 N3N 3 46 LLamwmlaaﬂs:mums"l,ﬂmmmmﬂsgamsaﬁ’@mnslushmwia

YSunaualsfive HANIRNA
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4.3.3 ANNTWH & Lmz'ﬂmmmaavlu‘l:mmmmﬂsga

ﬁ]’]ﬂ‘ﬂ’]Wﬁ 4.8 LL&Z@]’]T\Gﬁ 45 LL&@NNaﬂladgﬂi’lﬁhuiz‘Wj’m core @iE] wall a4
Lﬁuﬁumadﬁ’&lm‘izﬁﬂ LLﬂzqm%ﬁﬁm’]Lﬁ’]ma\ﬁLﬂ%aﬂwu&laﬂ Giaﬂ’J’I&l%u"llaGVL&IIﬂiLauLLﬂﬂﬁgami
% ' s o A o A A P A A =
ﬁﬂ(ﬂﬁ]’miumu’h‘i‘lj\‘iE\lm:}m:‘fﬂa\‘iv[,&liﬂﬂamml]?aﬂ@]a\‘m’ﬁﬂaﬂJﬂ’J’m"Hu@n LW@U@@’]%ﬂ’]iLﬂU
o i = & a1 @ ' ' '
iﬂﬂqma\ijgJIﬂiLauLLﬂﬂ?a (GharsaIIaOUI et aI., 2007) PILLRUINDAINRIUISKRINNG core §Ga
wall LLazﬂ’J’]&lL{l'u{l'uila\‘iﬁ’uE]’]i::‘ﬁﬂvl,liflwa@iaﬂ’s’lll%uﬂla\‘ivl&liﬂiLauLLﬂﬂsga LL@iLﬁaLﬁqu%Qﬁ
v { [l J 1 o v ¥ {
°1nL“l]’]madl,ﬂ%aﬂwuﬂxlaE];J’]ﬂaﬂuvadNﬂ'ﬂ’]lﬁﬂ’]qN%umadqwiﬂjLﬂuLLﬂﬂ?aa@ﬂd L‘ﬁadﬁ]’mﬂ’n&l
o A a X : & Y = Y a o A . A
56%“/]L‘WN”U‘LLEI’]MWSHVLE\]ﬂ’J’]ﬂJ‘Huluiz‘]JUvL@m’mTu@’JEl I@]f;laqm%{}w?l’lw’lﬂladmiadwuﬂ]aﬂﬂ
U Q 1 Q A v Q
Lﬂ&nzﬁuﬁa 160 El\‘iﬂ’ll,‘]jm:ﬁila axﬁNﬂl%ﬂulﬂiuﬂﬂ?aa’]saﬂ@luU’]\‘i%’]dﬂd@]’) PINDANNDINDU
.. { a A o £
ﬂ’]iﬁﬂjﬂqmaﬂ Berczak Ly KO'OdZIejCZYk (2010) LﬁaLWNQﬂL%QN’U’]Lm’]N’TﬂTuQ’]ﬂ 150 84@N

CTRLTOR L1k 205 DIALTRLTHR mw%wuaﬂuimmmmﬂ?aﬁma@m

~ P PN o \ '
HANINUINNAINN 4.9, 4.10 KLATAIINN 4.5 LIAINAVDIDATIRINIZHAIN core
ga wall auuTwasnNavedn LLa:qmvaﬁmLiﬁmaam’%aaw’uﬂaa ADAIAMURING (L*)
A A Y ' s & o A LA
LRZANRLANEY (b¥) °naaVLaJImLauLLﬂﬂ‘gam‘sanmnniumma FansaudauinadoaFued
{ Al L 1 1 1 a U J 1 o
"luiﬂsl,aw,mﬂsga AoLlaLNNEAINEIUIZTNING core @a wall WAZMND VUL ININTY SINAYI
Vo U t:l t&/ 1 L 1 { t::l a U v L a 1 Vo
IidanuainaRnunIwswns swlaifudSunuanududurasnua1sein azaInalien

a A P & A a ) A
RLARDIVBN vLNIﬂSLauLLﬂjJS‘Ha LANNUTNYWBEWDIINNRUYBINUDIIZUN

Moisture
Moisture

170.
0.330

150. 0.235

C: Intel Temp 140. 0.188

B: Core:Wall

A: Gum Arabic
130. 5.00 130. 0.140

AN 4.8 N3 3 U@ LLﬁ(ﬂ\‘iNa“UﬂdﬂSZU’J%ﬂWSVL&IIﬂiLﬂ%LLﬂl]‘qlJiaﬁ’]i&ﬁ@%ﬂﬂlﬂEh‘uﬂd@ia

IRE Rl GRRE G
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uaﬂmnﬁf’uvlﬁﬁmsﬁﬂmﬂmaa’iﬁamﬂuaﬂmaa"l,ﬂmmmmﬂsgaﬁazﬁ‘% Scanning
Electron Microscopy (SEM) 690wl 4.11 uazans19ft 4.5 lagaziduiniesafifinaasnsann
dalaveaisuazawazaslulasienuadgada iduduasnuenszin anwmzlasiaing
msluamlaa"LuIﬂiLauLLﬂﬂsgamsaﬁ@mﬂushmoﬁa?ﬂwmuﬂumaﬂaw Tagfivezndingerin
winfidu wal AzReRumIANALUINW (core) Lﬁai’jaaﬁ'umsgtyLﬁwaamséﬁﬁfﬂummﬁ'@
13 (Gharsallaoui et al., 2007)aziRwinnsldanuiudurasnvars=dnunuIaiasiinly
sanarnldansoelulaseuuadgaidowiouin winslddandiuszning core da wall gass
naddalasiainglulasiounags uaﬂmnfrmﬂ%qm%nﬂﬁmlﬂﬂmﬂﬁ%aﬁamﬁu"l,ﬂﬂ'ada
HalFudalasiaiaveslulasewuadgadnean Tasfinnududuasnuazninfissaudsos
8z 10 8AI1&I% core:wall g9 1:4 LLa:aqmvmuﬁmv’ﬁﬂm’%aowmauqa 160 BIFLTALTHR A2
éawalﬁé’numwaa"luiml,ammﬂsgamsaﬁ'@ﬁnﬂluahmw:ﬁﬁu‘%ﬂu LAB1NTOHEHINN
nyzLauMIuRsaantias (Saénz, 2009) FlndiAeeiunMIAnENVes Shaikh wazame
(2006) %oﬁwmsm’%ﬂuLﬁﬂuimozﬁwmyuaﬂmaavluiﬂiLauLLaﬂsgaﬁmaﬁﬁaﬁﬁ'umszﬁml,a:

. Pz & Iz A Aa v A a '
modified starch GﬁﬂﬁlzL%ujqﬂ’]{L?jﬂNa’]izunu“a%u’]ﬂlﬁﬂﬂm’]ﬂﬂa’]

43.4 nszmumwﬁmvla\lfﬂmﬂﬂsgam‘mﬁ'ﬂ‘lushmaﬁmmzau

INMIRNTINFesAzHANE USUIIENIT00NgNENI19TININ ANTH § uas
lassafsnouenvasiulasieunalgassanalugiug wodianinznndalalasiaun
Lmﬂsgamiaﬁ'@mﬂlu:hmdﬁmm:auﬁa aNuLTNTwUaInNe1sedniauaz 10 2aINEIW
521314 core @a wall 7l 1:4 LLazqmvaﬁ"n'wiTwaoLﬂ%'aaWuNaﬂﬁ 160 BIALTALTHR FINA A
lulastenuadgassanaanludiuniliasaznanings ﬂ’%mmmiaaﬂm%{ma%amwga
anuTud uazlansmelaseiefimansannifuasaan 1 le



AN 4.11
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Seml BBEBG6 | 15k K3, 5688 Sikm POGEEA

(a) (b)

anee lATIRIIINEWaNY aavl,ﬂml,ammﬂsgamsaﬁ'@mﬂlu aMIRK)
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1. nNaIgInlunIiaTeA Total Phenolics

1.1 NNNNAIZ MBS Gallic acid

2. NNINAIIIUMIAATIZA Antioxidant @98 DPPH Assay

21 mﬂWmmgmm 23 BHT
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2.2 n(TNNNAIIHVBI Ascorbic acid

3. NNaIIUlUMITIATZA Antioxidant 6e ABTS Assay

3.1 nTWNaI31UVBY  Ascorbic acid
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3.2 NTMWNINATIUVEI BHT

4. nNINAIIIUMIIATIZA Antioxidant @28 FRAP Assay

4.1 nTMNNNA33 U289 Ferrous sulphate
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5. ﬂi’lW&l’]@]iﬂ’mlumﬁLﬂi’lzﬁ Phenolic profile @8 HPLC
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1= gallic acid,
3=- hydroxybenzoic acid,
5= vanillic acid,

7= P-coumaric acid,

2= protocatechuic acid,
4= chlorogenic acid,
6= syringic acid,

8= ferulic acid
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Yield (R-Squared 0.9327)

Yild =+20.09413 +2.34943 * GA +179.16555 * C:W +0.032663 * Temp -0.071987 * GA2
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-631.97368 * C:W2 -6.09167x10" * Temp2 -3.57831* GA * C:W
-2.40000x10" * GA * Temp +0.83735 * C:W * Temp

Total phenolic (R-Squared 0.8323)
Total Phenolic = +1051.78588 +0.63854 * GA -517.05037 * C:W -13.62540 * Temp

+0.040567 * GAZ +1999.08066 * C:W2 +0.047129 * Temp2

67

-4.03614 * GA * C:W -4.45000x10 " * GA * Temp -1.09639 * C:W * Temp

Antioxidant (R-Squared 0.7134)
Antioxidant = +124.63765 +0.56940 * GA -271.71342 * C:W -1.45104 * Temp

-1.26667x10" * GA2 +1351.18788 * C:W2 +6.00833x10" * Temp>2

-3.52410 * GA * C:W +1.17500x10" * GA * Temp -0.90060 * C:W * Temp

Total Chlorophyll (R-Squared 0.8783)

Total Chlorophyll = -7.95225 +0.26387 * GA -26.70293 * C:W +0.11725 * Temp
-2.63333x10" * GA2 +33.19301 *C:W2 -3.90833x10" * Temp>2
-0.21687 * GA * C:W -1.45000x10" * GA * Temp
+0.12048 * C:W * Temp

Total Carotenoids (R-Squared 0.7002)
Total Caroteniods = -0.52021 -0.12403 * GA -193.42651 * C:W +0.24744 * Temp

+4.98667x10" * GA2 +345.28475 * C:W2 -9.90833x10 " * Temp2
+0.054217 * GA * C:W -7.50000x10" * GA * Temp
+0.49699*C:W * Temp

Moisture content (R-Squared 0.7368)
Moisture = -46.97619 +0.25585 * GA +27.46585 * C:W +0.65860 * Temp

-1.19667x10" * GA2 +14.56428 * C:W2 -2.22417x10" * Temp?2
-1.57229 * GA * C:W +3.25000x10" * GA * Temp -0.033133 * C:W * Temp

Size of microencapsulation (R-Squared 0.7677)



Size = -95.64749 +2.48448 * GA +87.63391 * C:W +1.03774 * Temp -0.032800 * GA2

-142.25577 * C:W2 -2.95000x10 * Temp2 -0.48193 * GA * C:W
-8.00000x10" * GA * Temp -0.24096 * C:W * Temp

%&l’]&lm@:
GA = gum arabic

C:W = core : wall material

Temp = Inlet temperature (OC)

68



AMANWIN A

Manuscript

69



70

Bioactive compounds and encapsulation of Yanang (Tiliacora triandra) leaves

Jittra Singthong"”, Ratchadaporn Oonsivilai?, Jirawan Oonmetta-aree® and
Suwayd Ningsanond?

'Department of Agro-Industry, Faculty of Agriculture, Ubon Ratchathani University,
Warinchamrap, Ubon Ratchathani, 34190 THAILAND
2School of Food Technology, Institute of Agricultural Technology, Suranaree University
of Technology, Muang, Nakhon Ratchasima, 30000 THAILAND
3Food Science and Technology Program, Faculty of Science and Technology, Nakhon
Ratchasima Rajabhat University, Muang, Nakhon Ratchasima, 30000 THAILAND

* corresponding author.
Tel 66-45-353-500
Fax 66-45-288-373
E-mail: jittrawara@agri.ubu.ac.th, jittrawara@gmail.com

Highlights

P Yanang (Tiliacora triandra) is a well-known herb, growing mostly in northeastern
Thailand. P Extracts from Yanang leaves contain high amounts of polyphenol

constituents possessing antioxidant activity. P Spray drying process gives high yield

encapsulation efficiency and stabilizes bioactive compounds.
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Abstract

Yanang (Tiliacora triandra) is known as vegetable and herbal in the northeast of
Thailand and Lao People’s Democratic Republic. This work investigated bioactive
compounds of Yanang extracts which were prepared by infusion with water, ethanol and
acetone. The study of bioactivity of Yanang extracts found that the extraction with water
is appropriate application. Furthermore, this paper reports a designed of experimental for
optimizing Yanang encapsulation using three independent variables: the ratio of core
material (Yanang) to wall material (gum arabic), gum arabic concentration and inlet
temperature of spray drying on bioactive compounds stability. The stability of bioactive
compounds was evaluated by phenolic compounds, total antioxidant, carotenoids and
chlorophyll. The study demonstrated that gum arabic, as coating agents, protected
bioactive compounds of Yanang. Optimized condition for the encapsulation was at the
ratio of core to wall 1:4 in gum arabic concentration 10%(w/v) and inlet temperature at
160°C. The results show that the bioactive compounds were mainly affected by the ratio
of core to wall material. Besides, moisture content and particle size of encapsulation
depend on inlet temperature of spray drying and gum arabic concentration, respectively.
This optimization reveals that encapsulation process did not lose the bioactive
compounds. In conclusion, this study demonstrates the potential of using spray drying

process and optimization for encapsulation of herbal products.

Keywords: Yanang, Tiliacora triandra, Encapsulation, Spray drying,

Bioactive compounds
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1. Introduction

Yanang, Tiliacora triandra (Colebr.) Diels, is in the family of Menispermaceae. It
is a species of flowering plant native to mainland Southeast Asia, and is widespread in
northeast Thailand. Yanang is common in deciduous and dry evergreen forests
(Smitinand and Larson, 1991). It is a climbing plant with deep green leaves and
yellowish flowers. It is used particularly in the cuisines of northeast Thailand and Lao
PDR, especially in bamboo shoot soup. The extract from Yanang root is used as herbal
medicine for treatment of fever and malaria, and is also an antipyretic (Wiriyachita and
Phuriyakorn, 1981). A number of alkaloids, especially bisbenzylisoquinoline alkaloids
have been identified in Yanang, which include tiliacorinine, tiliacorine and
nortiliacorinine (Mahidol, et al., 1994; Wiriyachita and Phuriyakorn, 1981).

Since consumers are more aware of the relationships between diet and health, the
demand for functional foods, or foods that promote health beyond providing basic
nutrition, is increasing constantly. Increased vegetable consumption has been associated
with the prevention of the risk of human diseases, intensifying interest in plant food
phytochemicals as potential physiologically active agents. Considering the growing use
of vegetables or herbs in medicinal applications, it is perhaps the potential role of these
active agents in the prevention of human diseases that has drawn more attention to them.
The world Bank has projected the global market for herbal products to grow from USD
200 billion in 2008 to USD 5 trillion in 2050 (Chan, et al., 2010). A key factor for the
rapid growth of the market is the consumer’s growing knowledge and confidence in
natural products or medicines. In addition, bioactive compounds of herbal plants such as
antioxidant, phenolic compounds, carotenoids and chlorophyll have been shown to have
multiple functional and remedial properties (Bae and Suh, 2007). However, the stability
of bioactive compounds was unstable, depending on pH, light, oxygen, temperature and
enzymatic activities (Saénz, et al., 2009). It is possible that the stabilization of bioactive
compounds could be improved using encapsulation technologies.

Encapsulation is a process in which thin films, generally of polymeric materials
applied to little solid particles, liquid or gases droplets. This method is used to trap
bioactive compounds and release them under controlled conditions. Several materials
have been encapsulated in the food industry such as amino acids, vitamins, minerals,
antioxidants, colorants, enzymes and sweeteners (Deladino, et al., 2008). In addition,
encapsulation may promote better product stability by isolating bioactive compound from
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the detrimental effects of oxygen or moisture (Chan et al., 2010). Spray drying
encapsulation has been used in the food industry to provide active ingredient with
removal water and to convert liquids to powders. By decreasing water content and water
activity, spray-drying is generally used in food industry to ensure a microbiological
stability of products, avoid the risk of chemical and/or biological degradation, reduce the
storage and transport costs, and finally obtain a product with specific properties like
instantaneous solubility for example (Gouin, 2004; Gharsallaoui, et al., 2007). However,
there is no information available in the literature on any encapsulation of Yanang extract.
Therefore, the aim of this research was to investigate bioactive compounds and to
optimize the encapsulation process of Yanang leaves extract and to characterize its

bioactive compounds stability.

2. Materials and methods
2.1 Materials

Yanang leaves, procured from a local market in the northeast of Thailand (Ubon
Ratchathani Province) were cleaned with water to remove dust and infected leaves were
separated. The prepared leaves were then dried at 60°C for 3 h. The dried leaves were
ground leaves and stored at room temperature in a vacuum-packed container before use
(Singthong, et al., 2009).
2.2 Preparation of Yanang leaves extracts

Approximately 100 mg Yanang leaves powder was extracted with three 12 mL
portion of boiling water, ethanol, or acetone in a shaking water bath at 25°C for 15 min.
Samples were centrifuged at 3000 x g for 3 min after which solvent layers were collected
and filtered by vacuum. Filtrates were combined and final volume was adjusted
volumetrically (with representative extraction solvent) to 50 ml. Aliquots of 2 ml were
dried under vacuum and stored frozen at -20°C until use (Oonsivilai, et al., 2007).
2.3 Encapsulation optimization

The experimental design of encapsulation was carried out under various
conditions, according to a central composite design (CCD). The effect of three
independent variables; gum arabic concentration, X; (10-20%w/v), the ratio of core
material (5% (w/v) Yanang leaves extract) to wall material (Qum arabic), X, (1:6-1:4) and

Inlet temperature of spray drying, X; (140-160°C) was determined, using the detailed
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experimental design shown in Table 1. The independent variables were coded to three
levels of -1, 0 and +1. The optimization condition for encapsulation Yanang leaves
extract was determined using response surface methodology. All experimental data were
statistically analysed with Design-Expert® software (Version 6.0.10, Stat-Ease, Inc.,
Minneapolis, MN).

Encapsulation was prepared as follows: dried Yanang leaves were mixed with water
and gum arabic with constant stirring and heated to 60°C for 1 h. The mixture was filtered
through a vacuum filter. The supernatant was fed to spray-dryer (EYELA spray-dryer
SD-100, Japan). The spray-dryer was operated at inlet temperature ranging from 140-
160°C and outlet temperature was ~90°C. The blower, flow, rate and atomization
pressure was 9.9m%min, 1.9ml/h and 9.0x10KPa, respectively. The powders obtain were
stored in vacuum container at room temperature for further analysis
2.4 Analytical methods
2.4.1 Total phenolic content (TPC)

Total soluble phenolic constituents of the Yanang extracts and encapsultion using
the Folin-Ciocalteu reagent with gallic acid as standard. Twenty pl of solution sample
was added into a 1.5 ml cuvette, to which 1.58 ml of water and 100 ul Folin-Ciocalteu
reagent was added. The sample was throoughly mixed and incubated for 5 min at room
temperature. Following incubation 300 pl of the Na,CO3; (2% wi/v) solution was added
and the mixture was allowed to stand at room temperature for 2 h. Absorbance was
measured at 765 nm. Results were expressed as gallic acid equivalents (GAE) (Oonsivilai
etal., 2007).

2.4.2 The DPPH method

Antioxidant activity was evaluated in accordance with the DPPH method. Free
radical scavenging activity was determined using the stable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical according to the procedure described by Brand-Williams, et al. (1995)
with slightly modification. Briefly, 50 pl Of samples and/or standard were added to 1.9 pl
DPPH methanolic solution. The reaction mixture was covered and left in the dark at room
temperature. After 15 min, the absorption was measured at 515 nm. Ascorbic acid and
BHT were used as standard control.

ICso value is the concentration of sample required to scavenge 50% DPPH free

radical and was calculated from a calibration curve by a linear regression.
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2.4.3 The FRAP method

This method was proposed by Bae and Suh (2007) which involves the presence of
antioxidants in extract to reduce the ferricyanide complex to the ferrous form. The FRAP
solution (1.5 ml) was added to 50 ul of samples and/or standard. The reaction mixture
was covered and left in the dark at room temperature for 4 min. The absorption was
measured at 593 nm. Trolox and BHT were used as standard control. 1Csy value was
estimated and calculated.
2.4.4 The ABTS method

The antioxidant activity was evaluated using ABTS™ method (Bae and Suh, 2007).
Fifty pl of and/or standard were added to 950 ul ABTS" solution. The reaction mixture
was covered and left in the dark at room temperature. After 6 min, the absorption was
measured at 734 nm. Trolox and BHT were used as standard control. 1Csy value was
estimated and calculated.
2.4.5 Total carotenoids

Total carotenoids was carried out using the method of Wongsa, et al. (2010) with
slightly modification. Sample solution 10 ml was extracted with 10 ml of acetone:ethanol
(1:1 v/v). It was centrifuged at 1500 x g for 15 min at 4 - 5°C. The supernatant final
volume was adjusted to 100 ml. The absorbance was measured at 450 nm and calculated.
2.4.6 Total chlorophyll

Total chlorophyll was carried out using the method of Ramesh and Devasenapathy
(2006) with slightly modification. Ten ml of sample solution was extracted with acetone
10 ml. The supernatant final volume was adjusted to 50 ml. The absorbance was
measured at 652 nm and calculated.
2.4.7 Moisture content

Moisture determination was performed according to AOAC method (1995).
2.4.8 Color measurment

The color of the encapsule powder was determined using a Hunter Lab (Color
Flex Model 45/0, USA).
2.4.9 Scanning electron microscopy (SEM)

The outer structures of the encapsules obtained by optimal conditions were
studied by SEM. The samples were coated with gold using a sputter coater, model SPI-
MODULE ™ Sputter Coat, and examined by a JEOL, JSM-5410LV scanning microscope.
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2.5 Statistical analysis

All measurements were carried out in at least three replicate experiments, and the
results are reported as the means with standard derivation. Means of each parameter were
analyzed by analysis of variance (ANOVA). Differences between treatments at the 5%
(p<0.05) level were considered significant.

RSM was focused on determining the regression coefficients and statistical
significance of model terms. RSM helps in fitting the regression models to the
experimental data to achieve an overall optimal region for all response variables studied.
The generalized response surface model is given below:

Y = fo + BiXi + IBiXi® + 2B Xij
Where, Y is the response, which is calculated by the model; S is a constant; gi, Sii and Sjj
are linear, squared and interaction coefficients, respectively. According to Myer (1995),
R? should be at least 0.80 for a good fit of a model. Larger values of absolute t-value and
smaller values of p-value show that the variables would be more significant (p<0.05). The
terms found to be statistically non-significant (p>0.05) were removed and the
experimental data was refitted to only the significant (p<0.05) factors to obtain the final
reduced model. The experimental design, data analysis and optimization procedure were
carried out using the Design-Expert® software (Version 6.0.10, Stat-Ease, Inc.,
Minneapolis, MN).

3. Results and discussion
3.1 Bioactive compounds of Yanang extracts

Water, ethanol and acetone extracts of Yanang were examined to determine the
best extraction solvent to be used in this study. Among the three solvents, the water
extract yielded the highest TPC (97.899 mg GAE/g). The TPC values of the ethanol and
acetone extracts were lower, being 26.703 and 16.456 mg GAE/g, respectively (Table 2).
Water is the most suitable solvent in the extraction in polyphenolic compounds from this
plant. These results seem similarly to a study made by Cai, et al. (2004), whereby water
extraction of a powder sample of P. oleracea at 80°C for 20 min yielded the highest total
phenol content. The reason could be due to the hydrolysis of the glycosidic and ester
bonds of the condensed phenolic compounds at near boiling temperature (Oboh, 2005).
Phenolic phytochemicals are thought to promote optimum health partly via their
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antioxidant and free scavenging effects which protecting cellular components against free
radical induced damage (Dapkevicius, et al., 2002; Jabri-Karoui, et al., 2012).

The antioxidant activity may be due to different mechanisms, such as prevention of
chain initiation, decomposition of peroxides and prevention of continued hydrogen
abstraction, free radical scavenging, reducing capacity and binding of transition-metal ion
catalysts (Mao, et al., 2006; Jabri-Karoui et al., 2012). Thus, for improving antioxidant
effectiveness, several analytical methods are used. The results of antioxidant activity
determined by three complementary test system via DPPH, ABTS and FRAP assay are
shown in Table 2. DPPH is a free radical and accepts an electron or hydrogen radical to
become a stable diamagnetic molecule (Brand-Williams et al., 1995). The reduction
capability of DPPH radical was determined by the decrease in absorbance by reduced
DPPH to by plant antioxidants (Ksouri, et al., 2009). Free radical scavenging property of
water extract was characterized by a higher free radical scavenging property (ICso of
0.197 mg/ml) with comparison to that of ethanol and acetone extracts (ICso= 0.333 and
0.419 mg/ml, respectively). This antiradical activity could be due to the phenolic
compounds. The water extract of Yanang displayed the most favorable activity against
DPPH and was significantly more active than the reference compound, ascorbic acid and
BHT (ICso= 0.36 and 0.34 mg/ml, respectively).

The reducing power (FRAP assay) serves as a significant indicator of its antioxidant
activity. The reducing power of Yanang extracts ranged from 0.014 to 0.054 mmol Fe®*/g.
The reduction of the Fe®*'/ferricyanide complex to the ferrous form (Fe*") due to
antioxidants was monitored (Joshi, et al., 2010). The water extract showed the highest
reducing power, which also indicated their potential as electron donors to scavenge free
radicals. However, Yanang extracts showed weak antioxidant activity as compared to
standards (ascorbic acid and BHT). Free radical scavenging activity for ABTS radical
expressed as ICs ranged from 0.077 to 0.312 mg/ml. The water extract was observed as
the most powerful ABTS radical scavenger as compared to the other extracts as
evidenced by low IC50 (0.077 mg/ml) followed by ethanol and acetone extracts with 1Csg
values of 0.191 and 0.312 mg/ml, respectively. ABTS radical scavenging activity for
Yanang extracts were comparable with ascorbic acid and BHT (ICsp= 0.041 and 0.090
mg/ml, respectively). The water extract is the most suitable activity against antioxidant

activity. Yanang extracts with high phenolic content had the most promising antioxidant
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activity. The higher TPC value corresponded with higher FRAP values and lower I1Cs of
DPPH and ABTS values.

3.2 Yanang encapsulation
3.2.1 Yield

The main effects of gum arabic concentration and the quadratic effects of gum
arabic and core to wall material ratio, significantly (p<0.05) affected the yield value of
Yanang encapsulated using spray dryer. Thus, an increase of the core material lead to
increased yield. In the present study, encapsulation of Yanang in gum arabic provided an
example of a swelling-controlled system for the controlled release of bioactive
compounds (Mehrnoush, et al., 2011). When the core material increased in the optimum
wall material (gum arabic) concentration, the core material that is protected against
oxidation by a wall material (Gharallaoui et al., 2007). Fig. 1 shows how significant
(p<0.05) interaction effects of independent variables influenced the yield of Yanang
encapsulation. The quadratic effects of independent variables could be explained by the
curvature in three-dimensional response surface plots. The interaction between gum
arabic concentration, the ratio of core to wall material and inlet temperature gave rise to a
higher yield at low gum arabic concentration and a wide range of the ratio and inlet
temperature. The individual optimum region led to a maximum yield value (R?=0.93) that
was predicted to be achieved in the spray drying system by a combined level of 10% gum
arabic, the ratio of core to wall material 1:4 and inlet temperature of spray dryer 160°C.
3.2.2 Bioactive compounds

Bioactive compounds in many plants and fruits were the important such as
phenolic compounds, chlorophyll, etc. The ratio of core material to wall material, gum
arabic concentrate and inlet temperature were have effected to bioactive compounds in
Yanang encapsulation as shown in Fig. 2-5.

The result (Table 3) indicated that the main effect of the ratio of core to wall
material, the quadratic effects of the ratio of core to wall material and inlet temperature of
spray dryer, significantly (p<0.05) affected the total phenolic compounds of Yanang
encapsulation using spray drying. Fig. 2 showed the response surface plots illustrating the
effects of the ratio of core to wall material, gum arabic concentration and inlet
temperature of spray dryer on total phenolic compounds. All high the ratio of core to wall

material gave a rise to the high total phenolic compounds. The individual optimum region
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led to a high total phenolic value (R?=0.83) that was predicted to be achieved in the spray
drying system by a combined level of 10% gum arabic, the ratio of core to wall material
1:4 and inlet temperature of spray dryer 160°C. Total antioxidant value showed the result
similar as total phenolic compounds as shown in Fig. 3. Increasing the ratio of core to
wall material effected in increased bioactive compounds of encapsulation system. Spray
drying of Yanang encapsulation showed that the main effects of the ratio of core to wall
material indicated the significant (p<0.05) effect on the total antioxidant of Yanang
encapsulation. Total phenolic increased with increase in the ratio of core to wall material.
The increased total phenolic content might be due to interference of core material
(Yanang extract) with the phenolic compounds during analysis. It is well known that the
amounts of phenolic contents may affect the antioxidant activity of food (Ahmed, et al.,
2010). Similar results were report by Ahmed et al. (2010), and Jabri-Karoui et al. (2012)
that the total antioxidant activity was highly correlated with total phenolic content.

The results (Table 3) indicated that the main effect of the ratio of core to wall
material, in addition the quadratic effects of the ratio of core to wall material and the
interaction effects of gum arabic concentration and inlet temperature of spray dryer
significantly (p<0.05) influenced the chlorophyll content of Yanang encapsulation using
spray drying (Fig.4). The highest total chlorophyll value (R?=0.88) was predicted to be a
combined level of 10% gum arabic concentration, the ratio of core to wall material 1:4
and 160°C inlet temperature of spray dryer. Fig. 5 displayed response surface plots of the
effects of gum arabic concentration, the ratio of core to wall material and inlet
temperature of spray dryer on total carotenoids, the maximum total carotenoids content
was at high the ratio of core to wall material and a wide range of gum arabic
concentration and inlet temperature. In addition, total chlorophyll value showed the result
similar as total carotenoids (Fig. 4).

3.2.3 Moisture content

Air inlet temperature is directly proportional to the microcapsule drying rate and
the final water content (Gharsallaoui et al., 2007). Spray drying of Yanang encapsulation
showed that the main effects of inlet temperature and the quadratic effects of inlet
temperature indicated the significant (p<0.05) effects on moisture content of Yanang
encapsulation (Table 4). The optimum inlet temperature is 160°C which can safely be

used without damaging the product.
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3.2.4 Color values
The Hunter color parameter of Yanang encapsulation with different encapsulation

conditions (Table 4). There were no significant difference in L* and b* values. However,
L* value decreased with increase the ratio of core to wall material. On the other hand, b*
value increased with increase the ratio of core to wall material. The changes of color
values were attributed to concentration of Yanang extract.
3.2.5 Microstructure

Under an electron microscope, the Yanang encapsulation using spray dryer was
observed (Fig. 6). The results (Table 4) indicated that main effect of gum arabic and the
quadratic effects of gum arabic showed the significant (p<0.05) effects on size of Yanang
encapsulation. The external morphology of particles showed a spherical shape and
various sizes with no apparent cracks of fissures, which is an advantage, since it implies
that capsules have lower permeability to gases, increasing protection and retention of the
active material. Moreover, the variety in size is a typical characteristic of particles
produced by spray drying (Gharsallaoui et al., 2007). The mixer of different
encapsulation conditions influenced on microparticles morphology. This is more evident
when comparing the images from the combination of low gum arabic, high ratio of core
to wall material and high inlet temperature with the others, since this condition resulted in
microspheres with smoother surface and fewer teeth or roughness. The formation of the
dented surfaces of the spray-dried particles was attributed to the shrinkage of the particles
during the drying process (Saénz, et al., 2009).
3.2.6 Optimized encapsulation

The statistical analysis indicated that the proposed model was adequate,
processing insignificant lack of fit and with statistically R? values for yield and bioactive
compounds of 0.9 and 0.8, respectively. The optimized condition of Yanang
encapsulation was 10%, 1:4 and 160°C for gum arabic concentration, the ratio of core to

wall material and inlet temperature of spray drying, respectively.

4. Conclusion

In conclusion, it is found that Yanang extract with water was the main phenolic
compound and high antioxidant activities. Antioxidant activity of Yanang was high
enough for the plant to be a new and natural source of antioxidant substances for use as

natural additives in food. Optimized Yanang encapsulation was identified as 1:4 ratio of
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core material to wall material, 10% gum arabic concentration and 160°C inlet temperature
of spray dryer. From all 3 parameters chosen, the parameter found to effect encapsulation
of Yanang most was the ratio of core material to wall material. Spray drying method can
give the high vyield encapsulation efficiency and stabilize bioactive compounds.
Encapsulation of Yanang is an interesting food addition for incorporation into functional
foods.
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Table 1. Central composite design (CCD) for the optimization of Yanang encapsulation

Treatment

Coded variable?

Process variable®

X1 X2 X3 X1 X2 X3
1 -1 -1 -1 10 1:6 140
2 -1 -1 +1 10 1:6 160
3 -1 +1 -1 10 1:4 140
4 -1 +1 +1 10 1:4 160
5 +1 -1 -1 20 1:6 140
6 +1 -1 +1 20 1:6 160
7 +1 +1 -1 20 1:4 140
8 +1 +1 +1 20 1:4 160
9 0 0 0 15 1.5 150
10 0 0 0 15 1:5 150
11 0 0 0 15 1:5 150
12 0 0 0 15 1:5 150
13 -2 0 0 5 1:5 150
14 +2 0 0 25 1:5 150
15 0 -2 0 15 1.7 150
16 0 +2 0 15 1:3 150
17 0 0 -2 15 1:5 130
18 0 0 +2 15 1:5 170

% Coded level of variables: + = upper level, - = lower level and 0 = center points

b X1, X, and X3 were gum arabic concentration (%), the ratio of core material to wall

material (w/w), and outlet temperature (°C), respectively.



Table 2 Biological activities of Yanang extracts.
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Yanang TPC DPPH ABTS FRAP
extracts (mgGAE/qg) (1Cs0, mg/Qg) (1Cs0, mg/Qg) (mmol Fe?*/g)
Water 97.899+1.735 0.197+0.018 0.077+0.011 0.054+0.0015
Ethanol 26.703+1.642 0.333+0.024 0.191+0.059 0.034+0.0012
Acetone 16.456+2.968 0.419+0.091 0.312+0.056 0.014+0.0006
Standard
Ascorbic acid 0.36+£0.01 0.041+0.026 0.059+0.028
BHT 0.34+0.04 0.090£0.010 0.254+0.143

*Values are given as mean + SD (n=3).
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Table 3 Bioactive compounds of Yanang encapsulation using combinations of various
levels of the ratio of core to wall material, gum arabic concentration and inlet

temperature.
Total Total Total Phenolic Total Antioxidant
Treatment Carotenoids Chlorophyli (mg GAE/g (mg AEAC/g
mg/g sample mg/g sample sample sample
(mg/ le) (mg/ le) le) le)
1 4.24+0.06% 0.35+0.01° 4.67+0.35 15.10+0.90°
2 4.46+0.06¢ 0.37+0.01¢ 8.360.69' 22.48+0.74°
3 5.28+0.10° 0.39+0.01% 16.23+0.70 25.40+014°
4 8.07+0.93? 0.84+0.05° 20.71+0.89° 30.42+0.25°
5 2.49+0.31" 0.35+0.04° 11.31+0.69" 13.84+0.00
6 4.44+0.21¢ 0.31+0.00 16.72+1.39" 20.59+0.26°
7 5.32+0.25° 0.44+0.01% 22.13+0.70% 20.35+0.44¢
8 6.35+0.34° 0.37+0.02¢ 23.11+0.69° 26.47+0.92°
9 3.50+0.09° 0.48+0.04° 10.57+0.35" 14.76+0.26°
10 3.46+0.11° 0.44+0.02% 10.93+0.82" 14.03+0.26°
11 3.44+0.06° 0.45+0.02% 11.10+0.48" 14.76+0.26°
12 3.41+0.01° 0.46+0.04% 10.70+0.20" 14.39+0.25°
13 2.24+0.25 0.46+0.01% 21.14+0.69° 10.38+0.25'
14 4.99+0.52% 0.43+0.01% 30.98+0.70° 15.37+0.74°
15 3.54+0.23° 0.54+0.01° 15.24+0.69° 12.74+0.01
16 7.45+0.45% 0.86+0.06° 17.45+1.74 31.88+0.26°
17 2.11+0.09" 0.27+0.00° 26.06+0.69° 14.47+0.41°
18 3.33+0.33° 0.36+0.01¢ 36.22+0.75° 16.34+0.29°

*Mean values (n=3) with the superscript alphabets in each column are significantly
different (p<0.05).
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Table 4 Moisture, color, size and yield of Yanang encapsulation using combinations of
various levels of the ratio of core to wall material, gum arabic concentration
and inlet temperature.

Size
Treatment Moisture (%)  Color (L*)  Color (b*) microencapsule  Yield (%)
(Lm)
1 6.07+0.37%""™ 88.78+0.05" 8.23+0.04" 5.80+0.84% 50.18+0.43"
2 5.74+0.22""  89.10+0.03° 8.10+0.15" 5.80+1.10% 50.43+0.14°
3 6.07+0.38%™"  86.95+0.05% 9.18+0.09°  4.40+0.55° 50.08+0.23'
4 5.49+0.18" 87.32+0.06° 9.51+0.16°  4.60+0.89° 50.03+0.15%
5 7.18+0.80®  88.56+0.03° 8.24+0.05"  9.00+1.58% 43.41+0.50"
6 5.92+40.37°"  88.81+0.14" 8.15+0.03" 8.00+1.87*° 41.49+0.46°
7 7.29+0.45°% 87.93+0.24% 8.83+0.14°  7.80+1.48%° 38.65+0.331
8 5.51+0.38" 87.40+0.15° 8.65+0.16"  5.80+0.45% 39.81+0.23°
9 6.40+0.25"°%"  86.78+0.17" 9.23+0.16"  9.00+1.58%"° 50.68+0.48"
10 6.37+0.43°%M  86.41+0.01' 9.43+0.02° 9.60+2.19 50.05+0.15!
11 6.56+0.14%°%  87.23+0.01" 8.52+0.03 9.00+1.22%° 50.48+0.36"
12 6.86+0.38°  86.92+0.23" 8.96+0.22°  8.40+1.14*° 50.74+0.15°
13 6.66+0.72%°®  86.46+0.01' 10.25+0.02% 4.60+0.55° 52.95+0.38°
14 6.34+0.20°%M  85.08+0.14X 9.54+0.09° 7.60+1.52" 34.98+0.16"
15 6.48+0.34°®  88.35+0.10° 7.88+0.05'  9.40+1.14% 47.14+0.42'
16 6.96+0.71%°  86.23+0.23  9.79+0.09°  7.40+0.55™ 46.48+0.39™
17 6.17+0.06°%M"  86.80+0.25 8.90+0.23°  8.20+0.84%° 51.24+0.50"
18 6.29+0.07°%""  87.91+0.05¢ 8.43+0.01¢  8.20+0.84*° 50.60+0.42°

*Mean values (n=3, n=5 for color and size) with the superscript alphabets in each column
are significantly different (p<0.05).
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Figures

Fig. 1 Response surface plots indicating the interaction effect of encapsulation
conditions on yields (%).

Fig. 2 Response surface plots indicating the interaction effect of encapsulation
conditions on total phenolic content (mg GAE/g sample).

Fig. 3 Response surface plots indicating the interaction effect of encapsulation
conditions on antioxidant activity (mg AEAC/g sample).

Fig. 4 Response surface plots indicating the interaction effect of encapsulation
conditions on total chlorophyll content (mg/g sample).

Fig.5 Response surface plots indicating the interaction effect of encapsulation
conditions on total carotenoid content (mg/g sample).

Fig. 6 Scanning electron microstructure of spray-dried Yanang encapsulation produced
from different wall material (Qum arabic) concentration.
(@) 5%gum arabic (b) 10%gum arabic
(b) 20%gum arabic (d) 25%gum arabic
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