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ABSTRACT

A research on an innovation of supplement mangosteen juice production
for export market was conducted on two major parts e.g., 1) A survey of 59
consumer on their expectations using the 7Ps marketing questionnaire; and 2) A
Development on process innovation to improve the quality of healthy mangosteen
juice products corresponding to expectation of consumers. From a survey of
consumer expectations on marketing and product of 7P's, it was found that 1)
Product: consumers gave the highest expectation on both quality and benefit with
the same score of 4.24; 2) Price: consumers expected a reasonable price compared
to the competitors with the highest score of 4.12 points; 3) Location: consumers
expected the product distribution through the most trustworthy person with the
highest score of 4.21 points; 4) Marketing support: consumer gave the priority to
previous customer review with the highest score of 4.24; 5) Personnel: consumer
expected the distributor to know the details of the product with the highest score of
4.22 points; 6) Process: consumer expected the product delivery as quickly as
possible with the highest score of 4.24 points; and 7) Ecosystems: consumers
expected the products to be sold in the cleanest, most reliable shop with a score of
4.22 points. Therefore, the expectation on the product which yielded the highest
score was selected for the second part to develop a process innovation to obtain

the best quality products.

For the process innovation, the development was focused on a quality



control of oxygen radical absorbance capacity (ORAC) of the product to meet
consumer expectation. The first phase was to study the ripeness level of
mangosteen on the ORAC quantity in the peel used for heathy mangosteen juice
production able to control the ORAC level. Three antioxidants in this study were
ORAC, anthocyanin and polyphenol. It was found that in the fresh peel with ripeness
level 6, all antioxidants gave the highest values of 24,744.65+787.78 L mole TE/100
ml, 5.09+0.18 mg/100g, and 707.39+29.73 mg eq GA)/100g, respectively. In the dried
peel, the highest antioxidant was found at ripeness level 6 for ORAC of 33,802.96
+1,374.38 [Lmole TE/100 ml, at ripeness level 4 for anthocyanin of 1.10+0.10
mg/100g, at ripeness level 5 for polyphenol of 1010.03+42.95 mg eq GA)/100g. The
influence of sterilization temperature and pH on ORAC was also studied to optimize
the ORAC stability to reached 12 months of shelf-life storage. The final part was to
establish the mathematical model to predict the antioxidant values from the
amount of known amount of extract and ORAC. It was found that the mathematical
models were fitted well with 1° order multi-variables among crude extract, ORAC,
turbidity and %radical scavenging with r® ranging from 0.852 and 0.970. The
confirmation of mathematical models found that the prediction was satisfied with
high reliability to be used for the control ORAC level in the mangosteen juice

production.

The results of this process innovation research have well served the needs
of consumers who demand a fine quality product. We have identified the best
ripeness of mangosteen for the extraction of ORAC, applied the suitable thermal
process to determine the end of product shelf-life with existent of ORAC, and be
able to apply the mathematical model to predict ORAC with high reliability. Thus,
the mangosteen juice production can gain benefit on elimination of ORAC
measurement outsourcing by external laboratory which normally takes long time and
is costly. Development innovation process on mangosteen healthy juice production
can make a positive impact to producers and consumers, and add the high value of

product by assuring the expected level of antioxidant on every lot of mangosteen



juice production.

Keywords :  Antioxidant prediction equation, ORAC measurement, Mangosteen for

health
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3. AnuAIAnIvasusinadanansie

AIUAIATY (expectancy) Aavaiinussgalaliyanalayananilaaninginssy
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LWJUNIN E\JI‘Uﬁiﬂﬂﬂﬂqﬂﬁqxﬁiuwaﬁ‘wgﬂlm@aﬂﬂ']iLUu%'Jﬂ LWUAU ASUUNARNUNULADEYUADIL

'
a

eaanumanisrtuguslaanuandaiuesnty 1wy usaaieguninlariunisius

9

voefuslaamuuudII T ueseshufiansiuoyyadaseas Aty N15d15I9AUANARTY

CX =

Y a 1 - Id 1% LY L P o a LY Y
mawguﬂmmammmmL1JuﬂﬁﬁummmmmmamﬂwﬂummmLwawwmmamﬂmeﬂmﬂﬂﬂ

9

ANUAINUAIAN I

WIANTTUNTTUIUNINSHANINTIRALNEEUAIN

a

UNTeAAN g U INHEAIINATANALD1A815AUBYLABATEIIU (ORAC; Oxygen

Radical Absorbance Capacity) anwadandenainasivluiidenn wdndunddigavigly

d' [J a [ & a ada v a LY ! N a A o a [
Lﬁ@\‘lﬂ’ﬂllLUUN@G]J‘IiLWlEJ'WI'WLﬁimﬂmﬁﬁiﬁ’]uawga@ﬁiggﬂ ‘Lﬂllfl@@ﬂ’sjll‘l/\lil,llEJ%WI“LJ']M’]N@@L‘UU
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[
C% a ] 1Y 1

unflspaiiveavaindrulvgfeiinn dunsduaziunnudiunusinalasiuile vilvindsan

q
¥

nauilegun niauduveailodinafiuuey WinnssunseuIuNIT (process innovation) Tu

q

a T o P a [ o [ J < 1 .
n1swanunamieguainluedndunisimuiuinnssuwuurseuresly (incremental

innovation) AonN1stUAsUwUAw R IRNTSUUNAIUNENTHRIUINTRUSUUTEUAYSOUINS

leguailvinvy dudensuSulqunmauasitueyyadasyluindnalinidu dusunu

A15AULEND WATAINITAAIUANNNTOUNINAALANIMSEIU urGndaeiilsnananedy

U U

nanduaniluniinuagsensvewaingsngunmianislulssinauar sl semeaniagng

Y 9

g1uULardeLiaandt 20 U egnslsAnunszuiunisnsndnuagnisnainilonuiuadn
vil¥isAnuasnginssuvesdiusinawasundasly msldndnsnsiuaznisnanauuuiiy 4 39
HARDN1TANAIVDILBAYIBFUAT
ieliAnAsLAnARIn Tl uIwarRe UaUBIANLFeINTYRIUIlA uinnTTy
nsgvaunmsidenunldlunstmuniisinnfonsmisaueuunsguasinueyyadass
A2875n150819918 lagdunalian153L1AS189 AT ORAC (Oxygen Radical Absorbance
Capacity) A8 uisn15Tias1gidugeuUszgnilifaoiniosilondedne 1wy Uv-
Spectrophotometer ey Spectrofluorometer frepdusasseiulaseiunils viensina

v a ) ! 17 1% > a YR o <
PIYLATBIINAITNYU (turbldlty meter) LLﬁ?LUiUULWSUﬂUﬂWNWG\iiWU Lazas1ududaunng

[ 1 | v

Waduieyiuenanlaf1u1nsgIuiuAIInlaeg13918n3838 inhouse method 310w

ilUlgasslunsndnunisnaiioguaInAuluy FanseuiIun siaINGadauevianuniisendn

9

nszuIunsmAlulagnwuazansiinwa (technology push and market pull)

1. AMUNUIYYDIUIANITUNTZUIUNNS (process innovation)

[

winnssu mneds msanduausazianssulis@uluiwmidul o Wuds suduly

a ¥ = 13 24

N13A1TIUEIAY kagnSHARFUAT HesAnsgnavnssuntilviifiedununniudagiuises
Shwinruaunsalunisuusdy Fansanfiugsiasasnisavaudneninlutagiuenaly
Wiganelusuias Asduauamsalunslduinnssuiendddng o vionuinslng o 3
o & P (Y]
Tuduienisuustiulusuian

NTEUIUNTT WUEDINITTIINTNAINTINAN 9 Tuakazan 1 unnils AaATuALIY
U Fefi¥aduudndn (input) autduduAi (output) @21 business process ABN1511L01

| [ |

fuAgangnaInnguenNiTeganAT UiargINLAULINNANN 9 Aetutuegiulasaiianig

o a

5309 vngsiadufnssusiuvesau walulad Sagau 33015 wazdandenlunisadng

9

o

a ¥

AUALLAZUSNNTBDANN
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uinnssunszuIunnT waefs nadidunuiaganssaliitu Aduluwuamg
il 9 winnssunszurunsiirnumuesiudinmsisusanadesdowazsimaluladeng q 39
dulngudrazdunnfnilisedes iieviesdnsiingnzuiunismisgsio uinnssud
minefauaziigidosiunisarayaniia nsfmuiwuAaluiuagiumiaui gl
ogndlsAnudriiuinnssuasltlffdodednanisdniuauesnudanuiususssy
WINNTTUATUNAATUTUAZNTEUIUNITAITOINUTUANYULLTINITAT INTIZUTANTTUNS
gramnssudanuietestusuiisgndn madenldmaluladnszuiunandn wagnansia
drulnganudeinisvesgnandudiasieuldgnamnssusig q ldWaumieinisld
winnssuse 9 lwuianssuvesgnamnssy winnssudaduwnfnnseadawuifneanuniy
concept model yi3annurAafidululdlunisimuiesnuuunszuIunsHaR sonLUY
sUTMthendua YSuusenssuiumsngn msasisduaing vsenisnaunaiuwuInislnl q
vaneq Meaniy 1 nsUfuusamaluladnisndn nmsooniuunaniag uazudsundas
nsrurunanan Wuky dan1sidsunlasduduaznszuiunisndatiuenvdwarenisld
welulad a3dns uazviaslagumuvesdud Fauinnssuiiagldlugnavnssuetadiuuamisly
nseuLgadl

1. Tuwmanisuansunaluladgnain (technology push model) $1ufun15WRILN
WM

2. TuansaIUINEnAYInNANABINITURIRATR (need pull model)

3. luwanlug (coupling model) ABNTATAUAININAIIUABINITVBINAIATINAY
NSWAUINEN S U

4. lnan1syYIUINISIIU (integrated model) ABNITYTUINITVBINITHM U
ARSI baTNITHER

5. Immamsyimﬁmsﬁgﬁwu (systems integration and networking model) Ltju
AUEANEUTBIDIANTUAZHAINIBE195IATY (7135uTseninegnAdudTanidudn)
(Papinniemi, 1999)

winssunszUINNs Ao AsfidmalmAnuadnsaiity ldinssuiunsuarlderls
udueiesiolumsiammieuuusefnm uinnssunssuiunsiadunmning Wuunde
FflAdelRiAnnsimuinisvesnsyuaunsang q Wldanevauesdintu Wy nswaun
nszUIUMSHARLBaRF UL NTzUIuNMTERNULUUBIAns Il ile T uiUsEAnSam i

HAKFAMEN1TUTUUTINTEUIUMS NN sUSuUsImsusnsielignanfianela lagdsng
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[ [

Jududidu usenavilidunuanas aaamndy Amdnwalfty AunImaTY n15U3n130

1 1 Judu (Davenport, 1993; Papinniemi, 1999)

2. winnssunisuanaumalulad (innovation technology push)
n1sisunalulagnisaunuauanasiueyyadastlunseshuudinaiie

guanneudrduddignain dednduuinnssunszuiaunisuuundnduinalulad

(technology push) W31¢ “technology push” Mnefian1sUssAvgrIaIUseATsIMININIg

o X 1 o = @V v [ 1 [ a [ 3
‘WGNU’WJNS‘J’]NWUﬂigll’luﬂ?i“l/l’n"\]EIIUﬂ’]ﬂiﬁﬁ/ii@ﬂWﬂL@ﬂGU'LlﬂbLﬂ wagunelUaudunand

sl andudhlUiawevieiugnddnenmiiasseviegniilentasgldnuainmalulagnie

Y

I '
a s v Y =]

deUsehugiu (Guo et al, 2020; Panhuyzen, 2016) ihdenatiegunniilienaleUnauia

9 q

4

1NNTITLUaTRRILINEAA 9 neudilunaadeungAnssuduilaawaziinisnainauis
Uagiu danuluassusnveanmsudsmidgaiiiegunmdedu innovation technology push
2 = a A v o
Technology Push Aenisuanauduarfiidumaluladgnisnain inesainening
foin1TReddiug 9§ Ao wwiAnMVIuRUNINsiaumaluladfsldlnainn @amsasu

v o

msimwmealuladuazuinnssuiesinsiiognioaddvi Wudimmuauuanislunisadig

v
v v [

audesnslmdlfiantulunain fefuarnuuannudn ardudumeunisiunuiitinig
nsRmutmaluladazizuainnisiesgidaanuainsadumnaluladuasuinnssy n1s
Aasgniansaalenialunisitewmalulaguazuinnssuunimunlveglusuiuuves
wandasilng o warfinnsanduihdundouiiilffneudesnisuansurivaiu (Guo et
al, 2020) MntuFsRTANMILRLT DI MUANaTEluN1INsEufTuIR AUl FadaAdw
F09n13v09RaAENTUNERFusTY (Panhuyzen, 2016) fenwit 2 Unfiuda technology
push 91314590AU market pull #30AITHAUIFUAIAINANADINITVDINAIAAIUUIAA
Tnal 4 iileneuaussaudesnisluy q vialunsWauidudundiedinisaain faiy
n1sasrudnnssuduaini q Widgeatagasnedenesdanuansalunisaianziuaiig

foaNsuRInaInluauIAnlAYALaY (Panhuyzen, 2016)
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Technology Push
Research and Demand
Development :> Production ’::> Marketing ::> Iaentor Viceusal

You think of something... Engineer it into a product... Then sell it... Is there a market - yes or no?

Research and - ; Expressed Need
Development ‘:> Production C> Marketing |:> - Consumers

t i ]

(Re)invent or Improve on the basis of market demand... Produce... Sell it... Increased market share?

P o a o ¢y ad
AN 2 NTTUIUNTNRIUINGANUNAILYIS technology push Wag market pull

f31: Horbach et al. (2012)

3. msiayanaainiWauInEasuel (market pull)

dothifsamee umeluladwssnudavansd Suludesimunisnainuaznanios
Tdulumueudesnisvesiuilan fafumsdmaamudadivresfuslaadaduduneuns
indstoyatloundu ethdeyafiisdestmmaluinisimundnsusinuauaiani
voagfuslaeliiléinniian anseuaunisteunduvesdeyatFondunfifiana (market pul)

Horbach et al (2012) l@Anwrauduiususs technology push and market pull
fuuleurguuilntvesiguraiiuseniald eco-innovation Auuismluussimmessiuly
DUIAN Lﬁaamﬁuauﬁmj?ﬁumé’au U CO,, SO, niodu 9 sydwandssnsUdesiivie
\Fe9sUnIu wavansisunse uaziumss mAavesdndaniliud WelhAsnsussndadunuy
annslindsruuaziinasianisdaiuniBuesuisnang o anglulsema inudeyadugusulu

v

Usuina o3y nanisdrsranuituleuiedenarnduaiiudeinisidenndedvesgneing

v ea

faan1suinnssudunt Mdudnsdudanndsy Tnganizag1edslusouiedfunansuang

D

n15UTuUTIUsEAEAmNISTINUAUEInSBLLaENTE UM SUIRN S TR LU SE AN AW

]
o w

Tuiandl wazann slnasu veadslaznlTanTounsIe USENANN ¢ Buduisniudfyy

q o

2 &

voauinnssulvdinasniauasuuiniu wazainitlusuianasiinuinnssundn e

ANUFILINRDUTINLUA



17

Henkel and Jung (2009) 1#n&1771 innovation technology push #3ouinn5sY

wmalulaBndndununefeuinnssufidudusmensiaunmaluladuisedis (Chidamber and

Kon, 1994) uanansuliignain Famsnnniudeaulumumiudesmsvesmann viseduly
PLLTIAIUDIRANA (market pull)

Guo et al. (2020; Newbert et al. (2007) wag Walsh et al. (2002)lsna17131

winnssumeluladudniunds innovation technology push wuvseiuluings q Fadu

nagnsvildlunsiuuiuinnssunishiwain vinlviniseaiaiannudeddss walloniauindu

a

°o Ko ! Av aAo a ¥ a v owoA & ¢
NALUTLAVNAALID uaﬂﬁ]’]ﬂUEN‘W‘U’J’]‘U’i‘UVW]@WL‘L!‘L!ﬂ'ﬁ@’mL‘I/lﬂI‘LlI’ﬁEJNﬁﬂ@Uﬂ@']']LUUﬂﬁEIqVISV]

D

fusgansamanitusenilvanudidyiunagnsnisasnenufein1svedgndi (demand

pull) tie9aE1LRE
NANAUINTIAALNDFUNIN

uilanaiieavn mdnlundndusiasuoins (dietary supplements #3e food

supplements %38 nutritional supplements) s m1snguillunisndynssuvuieda
a [ o“:l' Y A U a a1

nAnSuNNlgsulTEnIuLeNulaaINn13suUTENIURIMITAINUNG Tneazildiuysznauey

#1999 wazealduusznaudu 9 i wuled %39 Tvo111s uInnIeINISNUSIAA

a (% 6

AuUn@ (Directive 2002/46/EC) nansuaasuainisilundnduaiilddmiuynnaialui
dosnisquaaunn ldldgiae emnsiieguamAesimsiigadunisiasuaiisninuuduss

Tifusramenseasaasuinidu ussns Witusnene Wusmisdwiungudusinatnung

s

a1y aunsnufulRnsinueete vty sdslsfilifiiagusrasiifiodnw
fiheomaitogunimdusmsilddimadnsidsausdesanienieinatequain nan
nAnfuaEsuemsUsEnaulufiunatnomsasuaun ke SnwIlia AaIneImIsLasy
AN LAZAAINBIMSLETULANANTTNNINN1IINE waznuIwualuemnsiaTuile
qﬁumwLLazm%ﬂmIiﬂié’mmaﬁaas}'mm'aLﬁaqLLazmawaiﬁﬁniuauﬁﬂm (W3AS59, 2559) MAM

auenUssnnililugianfe Guulavansgeuindeduviialieninguslaainnufungiu

v
v A

HandueiUsEIanililagiinaweuinniguslaaludssimamndaiamg (w3un, 2558) Jagtu

NILUALTDINEN A UIMATURIMITUIEN1TUYITUVDITINID M TUALLATOIINBETULTS Tegn

[y

PMendnde n1sutausauusssuvAnalsslovdsiugunim Jestulsanis q lnsanis

o

PENBINTVLADAIUYIT wazgavneFaladsniniuuseniu vieaulaviuil (a15e1msuns

1o

auan, 2552) JagtunilanuasUssimalneegluginisildsurudiddnuggeonglay
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=

auysal (aged society) FaiingAnssunisldanevesdgeorgfeiuun wuin Wuaildine

¥

Aeteaiunisshwguaguamernidvtie niswinauunndunulve uagn1sveduan

1Y

aImskaziAsesRLieguamilirnIngudgeengasnatendungugndnndiunuimd ey

<

TuawiAn (Yutidhammadamrong, 2020)

%

74AA (Mangosteen: Garcinia mangostana Linn.) 3n ¢ T34 Clusiaceae (Anonymous,

9

a a

2006) Sindunanagnielunaziinsveneiusiaenisliuda Uindarat, 2014) fufinsugn
vanedaialusemelng sanamiie nanans wazaeld saudulud 2559 s 447,945
13 Winandauwa 419,245 13 USunaumandnsau 187,755 s dyarm1ansna1nsiuiy 6,249
duum (3381, 2560) WuiFanduluun “513dnalsl” Afludmalavuinsiidfygs g
lusmednfiu C, E, folate, calcium, potassium kag magnesium ‘f]ﬂ’vgﬁutgmamﬂémﬁﬁmﬂ
warndnduaivinniuazenlalinnuauladasatnanldeniinaluldiludunanly
HANTUIA9 9 WU ayildendian Freussimlsarimvs Snwda insziUfendinad
assnaalumsasnuuna Paeliunaneiss Wy MW5nuuinunagmes unaniiles unatiy
muaslasnsliidondegaduiuihyulanuiinnuma dudendsnaursiutdumald
ununsdeinedaunaviesaiuiislifie mmedendenaiiarsunuiu (tannin) wae
asuwulnu (xanthones) Aidoisentanziieideriusisnain ansusdlnadu (mangostin) @13
uwnuiufgyiauuunatisliuameiitu asuddnafuilgnitisaneinissniauuassinu
douvadiFeiivilmAnrues ansusulniluFondsnadedqndlunissudadesilifuag
vodlsprvaaznaInta
nstihsaalUldUsslovinensumsiindusasiolunalpoameumsunlned
Ishindensisnaluinugihevieads uazsnulsaiavis iesansnadunaliffaisdu
oyyadaTzgs ansunuiu (tannin) uazansusulnu (xanthones) MUsznaufoeyiusang o

1Y

WU @198 LU hazknIuNILuslnafiu (alpha-, beta- and gramma-mangostin)

(% '

% =

A d, 1Y) £ o o aa & Y N a
E‘ﬁiL‘Via']u’ﬂgLUuaqi‘WaﬂIUﬂqﬁaaﬂq‘Vlﬁm']UﬂqiaﬂLﬁ'U ATULLUANILIENBYT LLASHTULUANLIYD
9 WU Staphyrococus aureus, S. epiermidis Wa ¥ Propionibacterium acnes v u# u

wen91NTas alpha mangostin degugsansmiusadnminviliAnuwnadniaulunyiibesgn

(%
v v 3

A8UL (Jung et al., 2006) Jastunisidulae LLasaaﬂqm'ésJUEJwaaamm%q (Akao et al.,
2008) ludruvesansinueyyadaszidnasonunmnguermsiaiudlng anulusege
nan 9 Ava1susulni (xanthones) waulnlweniiy (anthocyanin) wazngulnailuea (poly
phenol) ﬁﬂﬁﬁﬂ'ﬁﬁwmé‘aﬂﬁmmlﬂaﬁ’mmmsmeﬁﬁlﬁLﬂumuwamﬁ%ﬁummmﬁ%u IGE

LASB9AN8199819N119049 WedvglumainngluusenawarssUseme
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v '
1 o w I~

AuAvRIUNTIgALioguAIMNNIAIINMTERA AN TR ue YA daTEAINIURBNTIAN

9

Waldenlunazilfendiuueniiansiiueayyadasesiu (ORAC Oxygen Radical

= a

Absorbance Capacity) g4 (Jindarat, 2014) WAuaald ﬁwﬁmmqmmmaiuﬁ'am’;mLfJu

q

v
a N a

WAn Ao iasuidasfueyyadaszgwuldig Ssnsiueyyadaseiiovslunafiu
aseyyadasyvieroadefiintunelusname (Aaby et al, 2012; Arend et al, 2017) fiqvisdiu
mssniau Jestuasneusss Sqnsdudinisnarewus treuntiesszuuilauasvaoniden
FUnY095rUUUTEAMAIUNANLALAALUIMIUTEAT 2 (Basu and Penugonda, 2009;
Beaulieu and Obando-Ulloa, 2017; Johanningsmeier and Harris, 2011)

Tang et al. (2009) l#@nwin1sgaduaisiiueyyadassrosuruinuluiniigg

'
IS A

fuenanadasaunmAdiuan 59 ua. Insthdaadidunandu Taun umeased, ¥ 1des
LagInNlL. NaN15IENUINETT alpha-mangostin TnArtusUaisaueuyadase (ORAC) lu
wanauindugegaiesas 18 Tasdannan Cmax) 7 tmax) Uszanas 1 9l wdsaniiuay
Ao 9 anadludalug 2 wazAunatetislion 4-6 vy fidansiueyyadasy (ORAC) Awily
warau msfnwadsiuandlifiufonnsgaduaisduouyadassainudefusiimaiie
AUNMNYDITNNTULLE

Ninfali et al. (2002) l#fnuAnarsiuoyyadaselnglien ORAC WWufdtausun
A1a1sHueanAauN128 (phenolic compound) Tutindunznan Taenuiaan phenolic
compound fuuUsiuan ORAC e phenolic compound qasﬁu A1 ORAC ﬁqaéﬁumulﬂ
Me dennnedfiu Kurhara et al. (2002) lasenunaansiueyyadasylugrasainesni
Hueih ORAC Tndransinueyyadaszlungnasazegluguvesans catechin flanansainen
leseuamiglolsamudnuisnisadoudiegiadie AAPH Judunisinioufegianiais
Trolox Wag3snN1swsEuAI1881997835 Trolox a@unsasenuAasiueyyadasyeanu iy
A1 ORAC fafiU3anauans catechin gadusiudfiud ORAC wilon catechin qﬂs‘?’]{u A1 ORAC
Rastumuluse

Chaovanalikit et al. (2012) lafinwasdusenauvenddendinnusinuianuen
(outer pericarp) wazustaaildenaiulu (inner pericarp) vaaldeniiannan nuitasnay
Tiuedn (total phenolic) fifinw1#ae35 Folin-Ciocalter method) wusnnluudauudensdiu
Tusnnndwudenduuen WeAnwivdinaansueulnlueniufedsves Giusti and Wrolstad

(2001) wuIasiaznuluusnaisnauuanuinnIUdanaulu

oY

o

Chitchumroonchokchai et al. (2012) la@n¥in1sgaduvesuyulnuainiilag
Fegar 100 TuglngNllguang (n = 10) AududUes xanthone TuthdsnniiAnsud

q

4

U
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53+ 0.1 iadluanodnsUsznaunieniy a-mangostin, garcinones (C, D ag E),

y-mangostin, gartanins kag xanthones 81 ¢ USuaiSosas 58, 2, 6, 4 Lag 5 M1UE1AU

¥

Whsmsusemuindanauun 60 wa. wieuivamsiinilluiugeanuinUuinaueulnuly

ey

FSunazdaanzdannuunndisiuly AUC (762-4030 nmol / L xh), #1115U o-mangostin
Tudsilugia 24 Pluamdadudsznu anududugean (113 = 107 nmol / L) uaganlu
mslimnududugegn (3.7 + 2.4 $lug) luviueaidenfu xanthones Tu Jaanizagsening
0.9 &1 11.1 lulasluauazAnmduiosar 20 + 0.3 (Wedesaz 0.3 - 3.4) vosuuniiiy
melu 24 $2lus Lifanuusndnstuesnsdifed Ay seninmdetuneiiandyeausans
\@38989 a-mangostin Tudfuuarlutlaane namsAnwduandfifuiusulnuluinn
gnaeduieSuusymumieniuovnsiilusugs

Suksamrarn et al. (2003) la@nwin1suenansadnainiudensenn (green fruit hull)
Waenuwdeuaziuaniisnaan (fresh aril and seed) lngafinselumiuea (methanol) 910
maﬁﬂmwudwaﬁﬁLLsmléfmm']iaﬁ’mLﬂﬁaﬂﬂmmiéfud y-mangostin, garcinone
D, mangostaninm & & ¥ 1,7-dihydroxy-2-(methylbut-2-enyl)-3-methoxyxanthone
UnNaavIn f: 9N U @719 a-mangostin, B-mangostin, mangostenol, mangostinone,
mangostenone A, garcinone B, tovophyllin B ta¢ trapezifolixanthone Faduasipenuan
riou Suksamram et al (2002) uagansilléannisatadensiumdauaziudndanaan léun
demethylcalaba -xanthone Wa¥ a-mangostin LLammmsﬁﬂmﬁﬁﬁﬁ’mLLazLLaﬂiﬁﬁwmm

NAgoUN1TIUGINITLRTYRULRARNTe Mycobacterium tuberculosis WU a-mangostin,

o I

B-mangostin wa¥ garcinone B au1sndudnielanngalaeiinanududusiigaiaiunse

9

(%
LYY

gudila (minimum inhibitory concentrations, MIC) winiu fe 6.25 lulasnsu/daaans way
da1sfidaruisadududoldvend ga A9 1,7-dihydroxy-2-(methylbut-2-enyl)-3-
methoxyxanthone lagiia1 MIC uinnan 200 lulasnsu/daaans

Mahabusarakam et al. (1987) lafinwesAusznaureadenluvesianm (pericarp)
waziUdeniuinaniige (aril) Insadnareiuudy (benzene) 91NN15ANYINUDYNUTVDY
wEulnu 8 vin ﬁléfmﬂmsaﬁ’ﬂLﬂﬁaﬂiumaaﬁqamléfm mangostin, B-mangostin, y-
rangostin Wag gartanin Fuduansiirenuuineu Ing Yates wag Stout el a.a. 1958,
Yates Llay Bhat Lﬁ'aﬂ A.A. 1958, Jefferson LLazﬂmzLﬁ'a‘ﬂ A.A. 1970 was Govindacbari et
al 1507 A.A. 1958 MUY LAZAINANSANEIRDINUAITDU 5 dnlduA 1-isomangostin,
1-somangostin hydrate, 3-isomangostin k@& 3-isomangostin hydrate LLaxwuagﬁuﬁmaﬂ

wgulnu 5 ¥ Nldannisadnldenumdnaisnamnse mangotin, clalba-xanthone,
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demethylcalabaxanthone, 2,8-bis-(y,y-dimethylallyl)-1,3,7-trinydroxy -xanthone i @ ¢
2-(y,y-dimethylallyl)-1,7-dihydroxy-3-methoxy xanthone

auiln (2550) I¥adaansanniudenssan (fruit hull) FauuuaauazuuuLiedae
lovnueaiesay 95 lnoslinaiidnwiil 2 undsie Junyuazaialimuin deldannzves
msafamileutu@nadrunisadadiminidendsnn: leniueaiesar 95 Wiy 30 n¥u ;

a v o

100 Taddns anef 4 ssrwwaoa LWuan 7 Ju) agleusuaansadianeunlndidesiu
1 LY < = d' 1 o = a o 1y @ A d' o d'
wagnuegaduivayulnsiiiauladiandnwidowasiauiluevieniesdiaiuie
anldSnwddniau Wesinaisadnanwdendennaiunsadudinisasyivlaveate
A a . . A yal PN 2 ] = a |
WURTILSE Propionibacterium acnes o 2. arsinuludeniisaniinateviln wu wyulnu
wazkNULY uweasnaNTaduginsasRulaveuTeuATILSY Propionibacterium acnes
laforaduarsmiusyiuguesiaulny esainaisusulnuigniansinisdnauuas
= = ' v & ' L o2’ v & a & A oy
f51e9umsfinwneunthiinuinans mangostin Falusyiugvedugulnuyiianis adnla

ndendsnamigieniueaioua 95 a11150SUFINSASYAULATBITBRUATISEAINGY
1aa
v a L4
a1sinueyuadastludiean
ﬁmmﬁmmdwaams mangostin, tannin, chrysanthemin, gartanin, vitamin B1,
B2 wag vitamin C d@7u a154wulnu (xanthones) 3¥Usenaund8 NqY alpha wag beta
. I £ a A o v a a Y | )
mangotin \Wuanseangnsniedinim Mwnlddugnlugiiniae@suiung yndiuvesdnn
N 50 wazfsgnihailduselenilunsunlinds, lsalaanedniay, vieude, 1sada,
HUAY waglsanIaAueInis wenandmusieuindagaiaisngnuadl 1wy 0andum
(oxygenate) tazuaulny uinnaisdu o wazlarmmaliuess wagansiwanusdn Jeans
1 dy (% 14 | d‘l’ =3 a I . .

wmanflanalaanndlutilonaziudna 138031 alpha — mangostin, beta — mangostin  uag
garcinone B &saunsadudawuniiise Mycobacterium tuberculosis Miduannnuaslsa
Jaulsa uonanideliauidenay 9 1uide 1 BU UTTBVB9 Akao et al (2008) uaz
Sakagami et al. (2005) wuitarsueulnuduaisaueyyadaseiiainisotesiuuess
Josduns@aiioainuuaiilss auaiau Sugiyanto et al. (2019) laAnwinaves alpha -

¥
1 1 v A

mangostin 91nR4AR Ren1sReAutelisannelsaluidensonluau 91ANITIVBNUINEIT

9

1
v =)

fananlausasef utslSavinnalsaldideneanltunula Aizat et al. (2019) lasiusiy

unauiglfiuisnn nudansainaindenainisldiueginitndunsudnen sl
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mssnwlsauess, dedugdursduaznisinulsaumnu Usglevivesansainaindinnd

¥ 1 12

Frglunisuntesatervng o vesuyuwdiwu fu Bavds dade a1 waddszam ald way
deiBerlauasvaenidenainlsauarlsndng 4 uenainidmuiiansaiaainiinnanungn
sosunssnauls Tnondn 9 ansiuoyyadasludenshneiinnliusslovisueims
nsdeninansdnueyyadaszean (ORAC) Fsansiuouyadasysuidnlvsznoude

13 3 NguAIRBlUl

1. @sugulny

wwulny (xanthones) WWuansnafaldanfivvatevin Tnsanizaniudenssnm
Faannsoazaeldluiviavarensiiiauaglifith fseansurulnuusazedafiinnuanansely
F1718La8uANANNAY @1A@1S xanthone — garcinia furan AMU@18EA18 hexane S0U
Sakagami et al (2005) @Aa"35 alpha and beta mangostin 371n@15 methanol

weulnu Wuasuseneudunsdnulufiered Clusiaceae (Guttiferae), Gentianaceae,
Moraceae way Polygalaceae fdnwagidunanvowudedivaes flassasraduis (phenolic)
Fanndi 3 wsulnuanunsaadaldsieeniuea (ethanol) naneaududy wiaveududu
selinaduaiishaiu Wy dratnseanududureseniueatosay 40 avaunsaduienis
WasansRvlsiAne NS (histamine) wazaindleienIueasesas 100, 70 Lag 40 @11150

guganisasne PGE2 lulwadillosenveany Cq 1o waarsananguilieangnslun1sduds

1%
YY) 1

wanniarsainia 4 Fallgnsdudsmswimaiianilsvamy (passive cutaneous anaphylaxis,

PCA) (Nakatani et al., 2002)

O

I O

2NN 3 TAsaas1awsulnu

fi17: Answers Corporation (1999)

(% s

puNusvosoulny Anuluneed Clusiaceae fivianewila 111 mangostin Fanulu

9 9

Udendenn (pericarp) 1Waonviauiniana (arl) Wiendudean (stem bark) 1udu

—

a o [ = < A = va ¥ a A Y a <
UANWULLUUNANYDILIIALNA DY HAMANUAATULUANLIY N1IBALEULASNITLNANSLIY
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(Answers Corporation, 1999) 48310 mangostin kafanueyRugvessulnuylindudn
narwln n1sanawgulnuMishima et al. (2013) 14 supercritical carbon dioxide wag

ethanol tJufvinazaneans alpha mangostin 89011 LaginAeonuluUSUINEITAU

auyadase Inelnireiludn ORAC (Ou et al., 2001)

2. @rsuaulnloeniu

woulnlesfu (anthocyanin) Wuifussaingiiazarsdald Fneglungy
Wanlwesd [Wuaslidnusssunilasdveueulvleeiussdsuadunmuanizanuiu
n3n-n19 woulnleerdudlassadrandunuy GGG, (a i 4) Fadulnalaledves
2-phenylbenzo- pyrylium %38 flavylium cation ﬁﬁﬁiaﬁuwmwﬁmmﬁaq 6 Bawitud
wuuse taun pelargonidin, cyanidin, delphinidin, peonidin, petunidin kag malvidin
Tuarsaransfnatswaulnlgefuagimdifduduiiamesinaiudunsa-aie (pH
indicator) feldunsdl pH s WdihduiiannadunanuezyiTad pH gelnetaduiiiinase
duarmuaiosvesweulnlyeniufetadevnuaiinasiiand wu lassadne gaumgd Al
n3a-Ae nnLoaneitn diana waztadedu 4 ueulvlvendulamandRunnsetuiomis
ndinewardiine wuduanseangndnnedanm (biological activity) PIYFUOULADATE
(antioxidant) @111508A91N159 NLA@U (anti-inflammatory) %28 U nUoivannlaon
anAaladmasoaluldonananudssvedlsnuzidaasdulfaudquandfisiuiianves

IS a a

woulnleenfiume Uszansamlunisiusyyadasslnguaulnleenuiiusednsamlunis

I a a A

fusyyadasyginitimiuduagdia 2 wihwinaveseulnlvedufivyudassauslaald
WABgeEnfe 200 dadndureiu Famuidideniuhvunsdanudesdonis Julsafeitu
vlaanas lilunadslddeinganlufearsduoyyadaseausssuvaninigauianis
flesanTuliiunadl superoxide radical scavenging ﬁﬁﬂig%m%ﬂwwiumsﬁusjgw;jﬁ%m
panTLAduves LOL (low density lipoprotein) N153AT1EMAIUTUIUULALITIAUN INVDILDY
Tnlwendu WunsAnulassaiuazmihiveswoulnloeduluiiy ilefiazihueulnleeniy
Ll selovilaegregndesasmunzas lnoweulnlygrduaunsaaiaaniilaie 539
Tnssas Ingldnsadn maviliuiavduasmseneidhemadalasilans il 3haseid
HeuldAonisuenarsmematdalasulanstNWUULNUUIS (Thin-layer chromatography ;
TLC) waz High performance liquid chromatography (HPLC) toulnleg1duainsssusia
ansathussgndlilugramnssuewnsiniestunasndnfausidu o livaeslaudilasy

v A QAN

auaulanntutagurenuantilunisiduaisiiueuyadase (anti-oxidant) Jesiuwaliy

q
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nlseynadldludiuguainuazainuaulagdigannisiiniisesvesiiandedyivag
1an1e dnvatnedesnuwadidunyliliosuwanazsyin b dunuranaundawse (nsy

INPANERSUSNNS, 2553)

and 4 lassasaeulnlyendu

fian: 9381 (2554)

3. d@1sngulnanuea

d15Usgnauiuea (phenolic compound %38 phenolics) lakn @1sUsgnaunil
aromatic ring kazag19tioe 1 hydroxyl group wagsiulufiveniuguesasuseneuiiuoaded
n1sunuNeIEngLAiiang q dregrsarsusenauiiuea (a e 5) laua flavonoids, lignin,
gosluU abscisic acid, cinnamic acid, caffeic acid, chlorogenic acid, nsnevily tyrosine,
phenylalanine wag dihydroxy-phenylalanine (DOPA), coenzyme Q Wa¥NaNARANLULVIUDATL
a a a < LY ad v I a A a =
Snnateuin a1susenavilusadusiiinuvesaslusssuAniuindusinaunvianisaz
fruddnmeassinemvidimsiAune] Wesanutinineadesiuanagnause AUty
YosensUsTnoUTusaumnasiuluog 1 anninglundanand Insiiuie) (Uamun, 2556)

a1susznaviuealuiivlaeiluuansquaudfiidunse Jeazadviusslalasiau
Auluanadued9singa wagnulesfiviudiseduiussdindvedlusiu uazidiolushiud
I s aaa Aa £ o o9 uw ¢ = o & A A 19 Y} =
Jueuleiufiseiiindudnyinlieulsdnunanin dadndudgminneitesiunisfng
ulgdluine Inesmudaisusenauiusaszlhwenisiineandindulaieuleil phenolases
Fa1UAasu monophenols TULlu diphenols wagilasunsluilu quinones usnaind
a1susznauTiueaueiIfiaunse chelate fulane a1suseneviiueaniglugadneglusy
dasvrunutesunn diulngdnnusinegivluanadu nareyidanulugy lycosides lng
Wansaiunaluweanlsnvsalauaanilsa Ineaniznguues flavonoids #einsauduiinig

& = Y] ) A o a | . .
uonanilansusznouiueadsenasiudvaisusznaudusnianesdia 1y hydroxycin -namic

acid ®1aWUTIAY organic acids, amino groups, lipids, terpenoids, phenolics LLazﬂﬁjﬂJﬁu



25

5 uenileannimanissindiludnwasinigluwadidu monophenols way diphenols
biAnauduiuiuiy (phytotoxic) deenithugudase

Msulsriiavesasuszneuiiuea wiadu 3 wia ausiuau phenol rings sl

1. Monocyclic phenols 3 1 phenol ring FnuimluTuieleun phenol, catechol,
hydro-quinone Wag p-hydroxycinnamic acid

2. Dicyclic phenols # 2 phenol rings lauA flavonoids Wag lignans

3. Polycyclic phenols #3® polyphenol lAuA lignins, catechol melanins, flavolans
(condensed tannins)

wiihinsiiinelaeiluvesaisuszneuiluealuiivasusingluvaiednumg 1wy
59A10g F85luU absdisic acid, lignin, coenzyme Q Waourwlnenaiiduieateddunisiu
allelopathic agents, feeding deterrents, antifungal agents wag phytoalexin @15Waa WU

L1

fovdvnatanmmanesuy msdumsiuoyyadass mInszdueulnififetesiums
Mdneyyadase wazidnarsiv Aun1sdnau AMuussduadussuugifuiu nmsaiuau
Aansdendyayaididiead (signal transduction pathway) ﬁﬂauqmismumsé’mau
M‘%amu@mmsmumslﬁmﬁaaémﬁq (Han et al.,, 2007; Manach et al., 2005; Pan et al.,

2008)

a5 lassassveangulngiluea

i Yikrazuul (2008)
nsulszlindenaiiiaguainuuuyasniye

nswlsgUihdanaiveaunmwuuUasnielarussglunrususIInUeaidntu doy
Mlunszuiunisndniideaaiiieguaindusunaindiean esnaiunsaiulaly
a v [ £ a A o 4 | 1 v Y 4
gaunilviod wazausaiuliwuiy 12 weu ilinmsvudsluneusswmelddaounuies

53TUAMIIAAININITYNNTT Uazdanunsansearelunaindng q Tudsemeaiy 9 agaanuin



26

'
a

897 nszuiunsuUssUldsinldanusoulusedunvilnigenenanun welinisldaiy

o =

FeuluszaumawneliiinnisvinatenudImiemsdeefign n1sulsguiidenniiie

q

gunmiainuiunsaliimaminiiainnudunsaaig (pH) andt 4.5 deiinuszansamly

a1

n13e¥e Feunduaduniaaeilan pH Freinine@uegiuseauanugn mndandsansees

Waendunieuiiiedn pH Useuad 3.34 (Manurakchinakomn et al., 2016) Lagagnau

o '

dxaAn pH agegluyae 4.0-4.6

1. msldaamaiigilunisanvauuuuasnite

a

nsldmnufeugelumssenvulasaioninetia n1sldaiuseuluiaieqdunid

a

wagtoulaailuams nsldanueulunseuiunisuyssull 3 38 Ae 1) nsldanudougs

Y

=

Sandnisianeslad (sterilization) Feaudoussavinalegduniduasalasvesgaunsdn

1% g v oo =~ a =i o a N ¢
Mevie AUTaunldgeda 115-121 ssrwaldua wazisvoziamuunenazinaieydunsd
Tugnmslanun nldivemsnidiunauvesiuile fege Wy omsussnnilodniussg
nsrUes Antuindoussynsedes Wusu 2) nisldnnufeugegalusseziiaimaniusediv
Wouarauasvaadonenun denldiuaseshiu wu U uudamdes dmalil 1ludiu 019
lydainuiougede 130-140 ssmwaidoanian 2-3 Junil Jaduaiufeugesziudansn
(ultral high temperature short time) waz 3) Aen1sldAusauluni1satoszAUNITAN
(commercial sterilization) Favina1gdunsdlavuausenasiuiuisnisuiulie nis
a1 [ 1 ° ' d‘ a 1 & Y 19 ¥ a
iA1Auduna fe (pH) A1 4.5 eangumgiuazaitunisedideas iveldlvigamgl
iﬂﬁﬁmaﬂmﬁ’mwmmim’mLﬁuvL‘lJ (Chavan et al,, 2011; Gedam et al., 2007; Min et al.,

2003; Richardson, 2004)

2. MsUSUNSALNBLNNUSEANSAINN58TD
n15USunsa (acidification) Ae N15USUAT pH A830 s IR IUNIAMIE NIABUNSE
oA nSATR3A (citric acid) ©5an3AWBTRN (acetic acid) 81VNLANANYITLIU NITHUNTA

9 A -~ . & & v
nswauiuomsiilunse 930015830 (blanching) Fusmsiuansazatonsa WudY 81113

(Y a [ 1

U5unsn (acidified food) ApamsiiluingAundnnounisudsgy 8A1 pH AusssuYIf

49011 4.6 uazilA178masuenyiIf ( water activity,aw ) @ind1 0.85 gnusulindn e
9 M151A1 pH auna (equilibrium pH) Yaenimsewindu 4.6 n15Usunsnazdrgduds
N9 UeLuAseNvinliAalsA (pathogen) wazdudinissanvesaUasuuniiize

(bacteria spore) %831 Clostridium botulinum Fsasnsasiundudunsietiadin vililin
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15Aluyddu (botulism) 81m15U5UNTA @1u1savililaeaiien1an15A1 (commercial
sterilization) lngldn15n1aaeslsd (pasteurization) freanufougamgiainii 100 o4
wadea daunisusunsaluems Jadunstisanszauanugunsswesnisldaiuiouly

NSO @ NSTUINISTUTEANNTANN (low acid food) a1nsaU commercial sterilization

2 v

Fesosldgamnniaindt 100 esrngadua anduuAszaunisniaiaelsd (pasteurization)

a0

Feldaueuamniinindt 100 asrwallod AaNaRfeAMNAINDMITNENAINITENTD LN

[ ) a 6

Juieeusuvesuilan wazlaondeaingdunidnelsn awnsaiusnuliliuiud

a v

gauvnivieslnglidoufulifigunaiis (cold storage) fatiumsuiunsaemnsisgninluld
Dunguunededuldlunisudsguemisluansgeiusng (Food and Drug administration,
2020) LLazﬂawuwaiuUiszﬂlma (UTMANTENITNAITITUEY (aﬁ’uﬁ 349) w.A. 2556, 2556)

Friedman and Jirgens (2000) laAnwiad1utatesvesarsusenaulnailuedn
fonuFou pH Tuta 3-11 uagnuiraelsidndanuaiosder pH 1 AuSeuLazns

a a

HAusnw Ineamgluiiueula wuintaundu, epigallocatechin, nsawlgdn, sAuunasnsn
NI1UdTUUILN AArauasialua pH a1 Feanisneasslldrdgnenisidainudaulunis
AUV glueIms

Wong and Siow (2015) la@inwinisldainuiou wazdsuninestinnidensunse
NNAIRIYBIENST betacyanin FeUnAkMTINIuAsEiA1 pH AoutegwmseyUseaa 5.5-6.0 Ll
Uu1Usu pH Tis1a97 4.0 hunsauedaassiniovay 0.25 LagN1INIAL905L5d9 65

= = a & Aaa o a a 5 1

asenwaled Wuan 30 wirduanisiangalunissnwivsunanunlgeduluiiuis

19N UBLAY

3. HANIZNUVIAIINSDUADAMAININDINITVDINENS U]
1% = Y a o & ] a o ¢ =
Aufouildlunisuusslemnsaulandndusisanuntunuil nndndusiavayde
ANAMINEIMITAIEYHalagianginniiy lnglamginnfiunagaieunle wu Innliug uaz

I a a =

Id v 1 = 1 = a oA
NANIANUY LUuUAY LASNHUAITDINITBUY 9 LTVU Aaalsila waulnlweniiu LLﬁ%ﬂQN‘V\IUE]a

9
(%

NN 9 Twemns uwianuiewavyiaenuAmsemsyseanasiulansyn TUshu
wagludulades d1auseuluszdumaresisdluuiwmandalliaunsavitatenudimig
pwnsldian wu Tuduluuy waglwiuluiednd Huiu dudussiuarudoulunisussuis
aunshangauAIeIIsiauaneiu Tnganuioudiulnguaissinaigaisemisnay
ansiueyyadaszunUssnnlaanitasemngulvindsuunazissin (Dobermann et al,,

2019; lgual et al., 2010; Nayak et al.,, 2015; Sui et al., 2014)
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BN13NTIVFIUAIAUBYYADETLIIM

n13nsIvdeunseinA1asiueyYadasrveniinaiegunIn n1snsivaeuls

v @

a3 Juegiuingusrasdvesnisiilulivsslond deadlddnivadudiiiedost
Ulinmansiueyyadaszvewmdn st luiidaendndiangdsdldlunsduiuniside
Fosieluil
1. NM3A5RTAANEIIRUBYYABHTEAITINAT ORAC Score UINTFIU
arsdueyyadasgluemsamisnndieanundudarsiueyyadaseianun
(total antioxidant) uale1uA1mseRuINAeandLTuAlauLsAENES (ORAC score: oxygen
radical absorbance capacity score) (Chaovanalikit et al, 2012) ‘fjﬁmﬂuﬁﬂmijﬂmmiéfm
ayyadaszluemis en LAYgAANMNTIILASDsd0 e uNINTY TneEn1sTnenaTaufizen
panLau / lulnsiau (reactive oxygen /nitrogen species : ROS / RON) #3981330A1 break
down chain vadlglnsiauaznen 157 9 9 Cao et al. (1995) ldWau133n133n ORAC #ae
n1sldanse Uyavase peroxyl ludufuans 2,2’- azobiz (2 -amidinopropane)
dihydrochloride (AAPH) ﬁqmwgﬁ 5 psrgalgdud lun1sinaziaenld B-phycoerythrin
(8-PE) Faifulusiurdianilsitldann Porphyridium Cruentum snldidulnsuvigestsatwud
(fluorescent probe) MagaydemgonLsaiwusives B-PE tududvitinnnuidemefiiaty
YoeUfi5e peroxyl radical drunadnnistesiumnudemeanaIsiueysyadaszanunse
fﬂiﬁﬁmﬂ‘ﬁumﬁm%W%mLLEN‘V\IQEJEJL‘JEILGZIL! (Area under the fluorescence decay curve :
AUC) vasegsiiinwiudinniieuiisuiuaanasgiuitialdandiegieilsifiansdu
oyyadasy dan1sinan ORAC tuifuiBnsfifianufuendnuainaznisuseifiunauuy
auysaiivunelifoulvveanauassefunisiadidesseliuiiseduiululiauysaiiou
pg1glsimudaiidalnavesn1sinan ORACy azfosld B-PE (Wulnsunsailudiin
G?ququJWﬂGiaﬂwsi’m Tun13inA1 ORAC §adisniandefianunsaldSna1unuds ORAC: lafeda
anaLiﬂ%u Fluorescein: FL) (ORACR) lael4ans 3, 6’- dihydroxy — spiro (isobenzofuran

[ a

— 1 (3H), 9°(9H) - xanthene)- 3 - one) WudrIaufAseeulalasiausznau (Hydrogen

a

atom transfer: HAT) galdlwiloun1sinAarsiueyyadaseiadu o Ml damy nsinen

3

ORACH FullumsiaAansinusyyadaszanauaninveiiuselalasiauainnisind jisen

nuaseyyasasy (peroxyl) (Ou et al, 2001)
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o a

A1 ORAC Tinluldsneaudunariasiueyyadaseiuingiv wazemisvans
¥in AI9e199u USFDA (U.S. Department of Agriculture) lakaninadansiueyyadase
vowaliudiasing 9 iedudeyaliiuiiuslaa (Haytowitz and Bhagwat, 2010)

Ninfali et al (2002) léAnweansduoyyadaselngldan ORAC ifudad iny3u
AransHueanaoun1ag (phenolic compound) Tusifunznen Tngwudaaa phenolic
compound FuudsAua ORAC wlefn phenolic compound q\‘l%u A1 ORAC ﬁq\‘lsﬁumulﬂ
Me aenndesniu Kurihara et al (2002) lasigaunaasiueyyadaseluyigvasannaany
Huein ORAC TnAnansiueyyadaszlurgnasazegluguvesans catechin flanansainen
ledeuamiglosamudnuisnisdousnogiasie AAPH Fadunisimdoudiognaniuis
Trolox Uag3snN15wsENAI881999835 Trolox anunsasenuaasiueyyadasyeanu iy
A1 ORAC VsiU3umuans catechin Ssduiusiuan ORAC Liloen catechin g3ty A1 ORAC
Rgetumulusae

Prior et al. (2003) léwau1n1smsaataa1 ORAC Tdn3etu ia3iAs129inn singlet
oxygen, hydroperoxide W& superoxide anion diasesiun1siasizial ORAC lue1mis
UszLaneng 9 auilagiiuan ORAC Wudiddalunisimuanudmialasuinisvesmann

a’mmﬁaqmmw (Bank and Schauss, 2004)

2. NM3INETAIUBYUADETEAETS DPPH

n1snageu DPPH 1Uu3En 15984 Brand-Williams et al. (1995) Aan133tAse4
Auamnsalunisitaiseyyadass 2,2-diphenyl-1-picrylhydrazyl (OPPH) Faifuans
duasziinoglusUoyyadassiinsiuaziifiag e DPPH* iUfASefuasiueendindu
shelemuea sghlridhsanasauidudindes ihluiamganduuasiiriimennndu 515-517
WIlLAs kA wINMAansalunsyhaweyyadasy DPPH lngldansazarelnsaend

[ o ! o o o 2/ v v
Juansunsgiu nsAwiuen DPPH vilalagihAiinldsndwinmsegasnsdndueuys

DPPH 21ngn3

% Radical scavenging = [(A control — A sample)/A control] x 100

A I

il A control B AINITAANAULANYBIYAAIUAL

Asample A9 AMNNTRANFULENYRIYANAGDY
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ATUINIAT 1Cso 21ANTINTLUIN % scavenging NUAINLTUTUVDIATANTA
Wisuiisuuszansaiwlunisanusunaeyyadaszanasaimils (ICs,) vesansafanely
en13inAINTinTueuyaveseImsinIsUsegnaldiuemisvatevila 1WuauIdeves
Tjahjani et al. (2014) 191435 DPPH lun1siiasnevialsdueuyadaszainarsanawden
ffann uagnuin IG5, veensindueyyaiiafafeieniusaiesas 70 Ao Jeuay 6.563
+0.311 Tuwauzdi Palakawong et al. (2010) 3is1evildaviniu 5.94 pg/mL fildioniuea
Jowaz 50 Tunsadn

Moongkamndi et al. (2014) lanaaaun1sAniveouya 71835 1,1-diphenyl-2-
picrylhydrazyl radicals (DPPH) vasansoanuuslnayiu (-Mangostin) wavansanafiazans
ilgnnidentgn Wudﬂﬁ'ﬂaaﬂaﬁaﬁmmwﬁﬂé’ﬂ%’ua%a DPPH ICs 71 183.95 wag 54.57
ue/ml Mud1eu Suvarnakuta et al. (2011) launddendenaluaunis wazimsizvinians
wenilvulag HPLC Tunigigndiueyyadassliiunmsussiiulaenuaiunsolunstidn
a15euyadase DPPH wazn13m31 ABTS Han153denuinsmsviuwiuldendeneniinadents
aanafveslrulnueg1elidedfg (WY o-mangostin wag 8-desoxysgartanin) LLazqméé’TW
oyyadaszveavdeniligranas niseunisfisanieud 75 ° C luaniigniseuuied
wanzamitednuueulnuluiudeniann Vongsak et al. (2015) lévinismaasinisinnig
fdneyyadaszlnglinisnaaeu FRAP, ABTS, DPPH Tuansafinanniudensinniiusioens
NUsEmAlNg WuaIA FRAP indU 279.70 + 20.55 imol FeSO, equivalent/g extract,
ABTS gy DPPH ICs, WUTl 59.52 + 10.76 waz 122.71 + 11.76 lulasniu / fiadans
gy BenuAtediideusvasdasmundsiiivosansinuayyadasslunisadamdndausion
Wae Weecharangsan et al. (2006) imﬂﬂmqm‘émua%aaaiumzmiﬂaﬂﬂuizuuﬂizmm
vesarsannandennadianlagldarsadaeniueaiovar 50 uagleniueasouay 95

[

ndudasaianlalumignsiiueuyadaseaieisanuaunsalunisiineyyadasy

[3

DPPH 2,2-diphenyl-1-picrylhydrazyl mamﬁmaaqwm'}msaﬂﬂmﬁmqu% mauua%aiz
lnueyIUDasesay 50 Layley1usa 5088g 95 mgm%lumsmamuma%aizgﬂmsJ A" 1Cs
WA 34.98 + 2.24 Lay 30.76 + 1.66 ug/ml mmﬁw i aguinansannainuieninneie

lenIUeasaYay 50 awmﬂuafm’]mﬂumaaﬂﬁvam fdnanw
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3. MIIAAMUYY

nMyinAnuguvesvadivadilinunsiinussendldlunisinAansiueuyadasylu
nquewILaziaTesiy Unfarlitnnnuguussimiovouvanievssfiuuinssiunas
$IUIUBYNIAANTUIILADE ANLYLYEN (Turbidity) Maneds Auasnsnvesihfiasindy
iogaduUIiauasiidosinulild Asdivinliiigu 16ud duniduazedunidarslu
naenaudwdiTIndn o lneusngeyludnuazansuaiuass 19y oynAYEsAY 1318 UNAITNEY
wuAiide 1udu dwviuasesnanlivesliuasinluld FeilhAnmsgedumsomsinm
vowuadlUnuaziinaene nszateuadliifussfou Suilduoaduidugu euguiniae
{Hu NTU (Nephelometric Turbidity Units) thsssumnasdiauuegiauetlagsiaai
gulihiAin 25 NTU tiguuiunansfiaimmaguszssning 25 - 100 NTU sheusnnasdanenisdu
1Y 100 NTU

1. nann13IARUYY

ndnnslunisamadeumuguiionisnyaaeuUinueyniauaosiiogluih Tay
asﬁﬁ%ﬁ%LLUiU%mmmaﬂaymﬂiﬂL@uﬂ'%mmmwlﬂ/\lﬂﬁammmsmﬂ%’awaﬁaﬁwm'i
YPIWANNUANANLATLARINATIBIATEs Al WU nTRUTinaANLAnAeUS
sonudunszua n3euseiu ndnnisiazihuldnsavasuanuguldine ndnnsmiuas
Hosnaymamiuuitnosegluth aslnmausRifeiuna 2 Uszms feo

1.1 gunsalndamnugulnevannisgaduuas (Absorption) failviatgwuu 19u

]

aaa s

\ATRaAIaTUan (Secchi disc visibility) uay uiaduunnuia wedlines Jackson candle
.. < [y ) a = ) [y I I 12
turbidimeter) niaaauiadu 1uAIasdonnsgiudmiunimiA1Augu Usenau adg
vaenudndu 1193 waziieuuasgu vaeaudadu Wunaeauiinsinssuaniuiuy viviaen
fiTavanaugnduwufiuns ssezaniuasnislngegavesiiegauiluasauiafivili

wasvasilaliguuIngumsluned endianuenawas (Lisht path) 91naflad Wily

' 77
a v o

Wisuifiey sruaieuguurenitldainasaminsgiu dvduvaeaildasivieiuuazen
maaadu (Short Tube) ldwarugudians 100-1,000 JTU (uiadu imesdfsein; Jackson
Turbidity Unit)- %a817 (Long Tube) T1narnusju faust 25:1,000 JTU wisusasgiush
ndRstuluani Snsnanlud 114-120 insudilus

12 gunsaiifaauguilldudnnisnszaisvesuas (Scattering) wdnn1sd
fifoi3enin “Buuriilaiunin’ (Naphelo metric Method) 35Tl nAugulne3auniio
Aruduesuasinszdansyatsvesfioga furesansarareaasgiu neldannzeing 4

A = LY ¥ d' [ ' [ = 1 X 7 PN
NURUBDUNU ﬂ'ﬂllL“UQJGUENLLZ‘N‘VIﬂi%%@ﬂi%‘ﬂ’]ﬂlﬂﬂmﬂl‘lﬁi NITHUAIUYUNINVULNTIUY (A9 6)
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o351 wasnggnudesliinssnuansazats Juyuaindunidunanie iln dianainiea
(Photoelectric cell) wastsazvioulagayniaresasuviuase azgnsrusuilagiinanines
(Reflecton) Suuas vanmsildlaAtunITInaugus 4 ississanuruiies  fifans
nsvdanszaevosasldentldindedlodlunsiasammaaiyivlnvesuuaiiae Sadenin
\309 "Turbidity meter” Fsldmannisinnisnszarowazinmusm 90 aem finenisin
\Ju NTU (Nephelometric Turbidity Unit) (Fe3m uasyiesh, 2533)
2. msUszendldanudulugnannnssuening
nsnraduanuguiludesnilunismunuiiiu wazveanal uenainidd
nsldnsTannuguluansiad (Wun1InsIaaeUnsEUIUNIS) 87 LavenavnIsueIms (Wu
nsnsedlniuazded) madanisiafinvuinfigndenisindiainuguesuiilawnin

willafiwesidugunsaldwiuinUsunauasiinszdanszatevesayniruiuassluveamad

TneltwnaantdnLaIwazAS09n5I99ULAINIHLUET 90 Fanukasny AW lndmasnd

A

FmuneluriaewatndnTu g iUt NN I le AL LB D BLAL AU LANA1IAY U198l

Y
v 1%

nsRawduyulian vrgnagauwiuddduusiluszfuanuguamindainldlae
auannsalunsuyuiiedns fufudsannsatamundsiinaldanesiumisddanali
AnadsfiuiugiBdudmivaanuguiiduialaesaneifiudsisiadeianaraiiiinain
sendndiunagnisuouuunnd Feleuwesiily Arduino suiangiiaauazaign

annsa¥alaluga 0.1-1000 NTU wultie GRINephy (Metzger et al., 2018)

LED, 860 nm

(‘N\'v Arduino
light to frequency (microcontroller)

converter
A
[Fi] aperture

fibre GRIN-lens | |
i detection volume/
collection angle

(with aperture): 30°

excitation volume

GRIN-lens

numerical aperture
of GRIN-lens: 55°

rotating cuvette

10 mm
—

a o (% oAy ] % [ s
ANN 6 MNAFDIVNNTINATTUYUE VD GR|NephyI@BLLﬁ@Qﬁ?U%@ﬂ%@QL%UL%@i

SIUVIAIUADIFININUILANTIVVUBAL DI IR

fi11: Metzger et al (2018)
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maé?whmmg'm (Calibration) ‘UaﬂLﬂ%ﬁﬂmmﬁuﬁmé"mﬁ'um'iéqummgm
vouedasindnuidunsasing namAsazthammruiniouanasnsgruuiilawsin
FNSIUAIULOUMANEANULANANS 1Y 0.1, 20, 200 (AW 7) wag 1,000 NTU (nndi 7)
winrsgn1sANdutuIrgninlaegdnlulifiededes 45 drundsuuainlagnisvyu
fetna nagaTnedsimuaAadBveseLdifmunlagiATBIns IR T ULABAINA d1sa
wnasiensmuinsguld nannisinaAinnuguisaiunsaldnsmanesgiuluseuiieuiu

v A ]

a15A108719990901579 LakA N15TavewradluaInisIIwan 1aseeny Wnduiey Wes 1y

[ £
Wusu
Frequency Counts 0--20 NTU Frequency Counts 20--200 NTU
¥ calibrated NTU-values Linear (Frequency Counts 0--20 NTU)
Linear (Frequency Counts 20--200 NTU)
250
__ 1050
2 w200 —
2 )
c 830 y = 4.4833x + 60.333 =2
= =
e 150 ‘;
::; 650 _5
& 450 100 z
= y =4.9497x + 51,005 2
o (U]
@O 250 50
R
50 m 0
0 50 100 150 200

Turbidity Standard (NTU}

AN 7 A9INIRIgININNIsATEUlAIINALL TN

Ya93osuilamsn 0-200 NTU

fn: Metzger et al (2018)
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® Frequency Counts 200--1000 NTU
calibrated NTU-values
--------- Linear (Frequency Counts 200--1000 NTU)

% 1000
. 2900
= 800 =
o Lottt
22400+ 2
s y = 2.685x + 420 =
3 600 =
— 1900 =
- =%
S 400 2
£ 1400 =
= .._.-" (&)
QO gpp W’ 200
400 0
200 200 600 800 1000

Turbidity Standard (NTU)

AN 8 NIINNINIFIUIINNITEIAITBLLAAINALLTNTY

Ya930sulaLumsn 200-1000 NTU

fn: Metzger et al (2018)
N3INAEIAIUBYYABETEIIN ORAC A2875 In house method

a ¢y aa = ad a e v a va o
N173LATIZUA875 In house method KUIBAIITNITIATIZUNADIUUANITWAIUN
109 (laboratory developed method) anausulasunsannuUasandsuinsgiu 1udu e
o fuRnsununlddensirasuniuldlanveds lnefeiwnsiaaeutade se Audnuue

RNEYNRINNIUNTRANTENUAURANIVAFRU Weliiaenndediuingussasrvanisidau

=

lglamgaUkiug LasANUBNSWaINaVAaRU (HUNW Wazyyum, 2555) MATIEn
#8735 in house method JuAsATgia T lutes fiAnsdne q ielimunzauiy
psile uargUnsnivszsos filfinistu wu FesftRnsvesanituemsldsendld
3% In-house method T 969 based on AOAC (2012) 992.06 Lo AT gsiinnfiule uaz
In-house method T 970 based on AOAC (2012) 942.23 \fiotas1giin1iud (Husy
(FwinunsgruiesudRnng, 2556)

38n15AA1 ORAC LUU in-house method 13uandisud 138 Tauda uadalaifud
fouldlusinuinlaln fAdndufeniisnuidodunisinuasvesanigeiuion (US.
Department of Agriculture) Ing Cutler and Cao 13833512 A1 ORAC 1A3034INT 0

o w

COBRA FARAII LeASa98ATITa31 9 luN15IATIEY Laddlda1ulIuf08199uInTW 911U
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ANIIRAUINITIAIIZIAT ORAC 139811 UN5ENad 2001 Prior Ynineimiansusesn
#oaUHURN15 Brunswick Inc, Wareman lawmu1isn1sina1 ORAC TnewUasulnsuilieely

v a

B- PE (B-phycoerythrins) annuannisiauidu FL (Fluorescein) iWulnsulunisiasigiian
asdueyyadasruny d93in1sddanuannsolunsasadudasdueyyadaszaaiy
wazdfunulunisiiasizianas (Bank and Schauss, 2004) Fanrasiuglun1siinszsien
ORAC iiaifnTuiilotszanas 10 mirdand wagnsasalinszsidslden ORAC fudinuassalsl
Hudaulug vivlvian ORAC laumsnangluseu 10 iUk ua degtuiinisusegndldiu
o1nsiifessuansAAnaduamsiusyyadasustnaniauns

Watanabe et al. (2012) lafinw1n133nA1 Hydrophilic oxygen radical absorbance
capacity (H-ORAC) ¢eidBmsUszgndanniBunsgiu 2 38R0 A wagds B Lilewamniuis
in house method Tagtl3euiisuAAuusiugwesisunsgLAUIEARNw e RSD (nt)
(intermediate precision relative standard deviations t @ & RSD(R) (reproducibility
relative standard deviations) 31NN@N15NA@0INUI135 B UA1 RSD (int) waz RSD (R)
wirdu¥esas 9.4 uag 13.8 muaiu deliA1Anin3s A uagaunsaliaszsien H-ORAC 1¢f
919U TEANTA N

wonani edinszurumsiauinsTaAmaaivarneneIe MY 9 el
in house method 1¥u Souza et al. (2007) lanageuisnisasiamarsnyluduiy meds
in house method W3HULEUAUITNITIATILANINTFIU KaZUIEUTIBUAIAIIULANGIS
YoeTAaIIEME ttest Manaaesiinuinislids in house method fiannanvanyaufunis
nyaeugly InTEnan1TInTeliuseansam vedensiluld uasdsendasuyu

Ducat et al. (2015) ”Lé’m’ﬁmuquﬂmmwﬁﬁmawﬁsJu,m U138 in house method
uuAssiAnidaqld91ege uaghivasadslunisindousaogne Jafwunis msinse
Usinaniludmanseuaaduadausnlaeds TG / DTA wagnaaeuamuand1eiue
103 1ulaglEn1sVeERUANLANAIMNISEDRA HaNISANYINUIINITNAABUAILIT TG / DTA
violrsesinnuliidasuugamgll nansindmnugniosazusiuglumsiinszsiusanm
dlushegeina wadaiideldssumnnnitismslessisu 9 dewnlildldasTiewus

A o o A & a o 1 Yo A 1o & a Y 1
NIBAMREAMUUNY LLﬁ%‘LJiSi/iEJG]WﬂSUQWEJ‘WIlI"mLUUIUﬂ’]ﬁLG]iEJiJG]’J@EJN
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n1suszgndldaunisidaduagieireiveanisnensal

nsassaunisiienisnensailaenisinseinisanneedudustiaing (simple
linear regression analysis) {un153tAsI¥vinsanneeuesLUsdase 1 fuaziusniu
1 frlnefudsnsdefimuduiuddadunseiy oraduanuduiusaa funienniufls
gﬂqumﬁmiwﬁiﬁugﬂquﬁugmﬁdwﬁqmmmﬁmeﬁmiamaa simple linear
regression) neiifauuunisanaesfe Y=a+bX lunsdlfifuusfunasfulsnuiiogsay
1 A1 MINFILUIANLENINNTT 1 @saleualuun1sanasy (multiple linear regression)
Y = a +b1X1 + b2X2+ .. + bnxn lun1siesigsinisannosmngaiiuagfesadudsyans
anduiusnygal (multiple correlation coefficient) Lilalimsiusaruduiusszninei
W38N oAU TAUAUAILUIAIY dUTUNITIATIZVNITOANRENYAMITADINIAUNIT
annsotiialdlunisnensaiA1vesdauysay (Y) kazniAIAINAANALARBUNINTFIY
(standard error) iauﬁﬂwﬁﬁﬂawﬁuﬁuﬁwvmm (multiple correlation) tlan1AUE NS
Julldgeanseninadudsdassrsamuussuiuiudsniu Msdasizinisonneenveod
Yoauyd (assumptions) iddey 3 Uszns L

1. AznuuAImeInsaldulsnan () 8n15uanua3usnf (normal distribution)
TunsiazArvesinysdasy (X)

2. AzuuudmeNIalFILUTAN (V) Tanaudsusuiiuiiudazgnvesdfanys
dasy (X)

3. AUARIALAREURINNITNEINSAl (erron) En1suanuasusninaziuaany
ﬂmmﬂﬁlauzﬁm (random) WSaufuiiAuLUsUTIUIIUYNIAvRIRILUsBaTE (X) uananil
N15uUaRUNLIETEFUTEIANFNRUSTE NI nU S aeA duUsEANS s iun
(coefficient of determination, R?) (Lee et al., 2012)

NTILATIZIN1T0A0089819918 (simple linear regression) ANWIAUALRUSLTILEY
wnsanneegviekazanduRus mszn1sanaeswazanduiusidumeianisadanild
dnsunisdneinszdauduiusseninaiaul sleUTine 2 § Jalldneazanuduiug

a 1%

AUTNEY TALAILUTNLITENIT AILUTDATEYEULNUAIEY X haLdNAILUIIIENI1 AwUIANY

a a 1 Y

= v Y a 3 Y] d'd LY} 1 1 a 4
WYUWNUAIY Y ALUTDaTEALTUAILUTNABNINARDAILUITANY AI9819YU N1TILATILH
% 'y} L4 1 o a % & L% a s a d'
ANUENTUSIENING ORAC fAudsunuansainaniudendanm n153AsIeinIsanneeiiane?
Wunszuiunsneadfnldasisaunisadinenans B adulanianudunusse iU sdasy

VY

WaAILUIANN dnsunisilesizanduiusidunszulunsnanantd InseauauduR LS
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Baduvesinusdassuagiulsniy nsie q Alddmiunmeaseusuiuuamduiug
Y9iUUTAD LHUATNNNTNTENY (scatter plot) FlAtuNIATIERAIAINENRUSITUEURT
IAndunnudazgaziiianidla annsaldadananidaneniiadanadndmislsudel
Taonstheadanausasaumduuszans (coefficients)

aun1sdduann1sluguLuu Y = a + bX

Tao?l X Wufulsdasy uay Y Wufulsniy amnuduveadude b wag a Aegnda
(F1283 y 1o x = 0)

Y  A9A1999uUsenu (Y) G9vinninAinensalanudunusigauy

P

o

a  Aedarh Aasil wihdudwes Y o X = 0

b Ao AduUszavsues X: Aedrrnudureaduanaseiile Y Wasuuladly

X AeAveailsdasy (X) lvinemves Y

Violato andHecker (2007) naniinisaiisaunisonassiiionisneinsalidungy
wmadansadafilddnsunsimseideyavateiuusiieSadudsudauasauduius
senIefanlsiidneninlunisWauIngueiuasn1sidea1un1sfinyl Lagsn1anIsunng
n1sUszendeauniIsanaasuIngInsaladakls thanlglunuddeuiuiuegs waglan
nanIeuUszgnaldlunmsanaziuaiaig 9 liegruwiug auaruismlisndudesinm
A1aTa flenvadunuiigedanugenuaziinuidss msldaunsweinsalfsgnuanlily
FAnUszdru 1ansunnd wagduq vuneinsalideslduiniigadetsnisunnd deldin
nswensaiAfulsinsuafvlaiienatesiuldnensalmarduusiddadndamnis
1 iiteandunulunsinsiziass Yasads uavusendanan luvasilinausiudvindy

Walt and Wyndham (1973) NaNIIALIIEINITaNeINsalAIS luNSIAUNS
N334 fhednnislivTunneendiaureusiazau uagliinnnensaidniniseaniidanie
Awangauvesusiazay AdyinanisasoaziummmnganvesUiinaluiilus e
Adugaiarimiinassnueniseudiurosusazauld

Zeb and Ullah (2016) laUszgnadldaunisidadunsdlunisniuasunansinsisn
asiuFAzensalsleutsdyin (TBARS) Fadufuddmiunsieseandinduvesiutiuly
2IMNTAUAIUNDA LaelUToulisusivinazans 2 Aundu taun 1) pure glacial acetic
acid uag 2) 50% glacial acetic acid Han15MABBINUIINITIY pure glacial acetic acid &

drulgauunnsguduing (RSD) feuay 4.23 danuuiuginindesas 50 glacial acetic

acid d@rulssuunInsguduins (RSD) Sovaz 6.37 aglsanisldmnududuves glacial



a o v s

acetic acid 714 2 sefU anunsatunadsaunsane i uLanIAN ST AN anduwLS
(R2= 0.9929) AUNNSLITNEY Y= 1.4167X + 0.0785
Mihlenbein (1997) léind1n8s09Ans Breeder Genetic Algorithm (BGA) i1§35n13

Wz ugUAFRT A8aNNIITNEINTAUNEBNRUUANNO ¥ LaEITNITINGIAIAATANUT

o [

UszdnSnmuasnmisimigiuiuedfunisneuaueddeaun1sn1sAndaniowdwugdn uazua

L3 U

ZJ 9
2 vo v o I a [ 3
ﬂ’ﬁ‘ifl(ﬂaBQU‘IWU’]QJﬂﬂUﬂizU’JUﬂ’ﬁ%EJ’]EJ'W‘UﬁﬁWJ "UULUUVIEJ@NiUi‘U’Nﬂ’]iUQ 28

]

=
1 A13L88N

1 | saa & a a saaa = ] o
‘W@LL@JWUﬁVIWL‘U‘Uﬂ'ﬁl,aaﬂwrﬁqllLm@i%ﬂwa‘ﬂLLaSN?’TJ']NEHN'HQIUﬂ'ﬁﬂ']EJWSWVHQWUﬁqﬂﬁiN

9

Gharagheizi (2008) la@nw1ar1uduiusaaandflasiasiadsUTuias (QSPR)

AfiunsiveRauIauNITEnsuNITIUIgANSauaNSHIRsgINYRIN T Indivasansiadl

£
[y

U3gvis dmsunsimwiaunsillaldasiniiuiansdiuau 1714 vila wagaunsoustitesyiu

Lo

luanadiuiu 1664 vila wagldmalinnisanaseiBudunalsdinlsniudanasnum

-]

WUgNTIN (GA - MLR) auniswensaliilddeaunisidadunatewisdinesadiila
duuszAvdanduiusidans 0.9954 (R? = 0.9954)

Yamanaka et al. (1984) lasngauaunisnisanaeenyamud1miunisiiuienieg
Furendeindn Tuszeed 1 Ingldanuduiussening 17 msdwesdeunistda (X) wae
naansHIfalangLuY (Y) maqg’g’ﬂwﬁlﬁ%’u hepatectomized 36 AUTIRIUNINUIIAINITA
Weuaunisanneenyaulalvindu Y = -110 + 0.942 X §n5In15W160 (Feeaz) + 1.36 X
9n31N155n81 ICG (Faeaz) + 1.17 X 218909508 + 5.94 X 9n3IN13A13nasgav ICG
@n. / nn. / uidh) waaun1snuine Y Asuald (euuunisviuie) %ﬁﬂwméwﬁwuiw
AzuuunsTusYetiseglisen 8 1efifianzfuneunnia 50 azuuu luvasiiduae
sonTin 28 163 50 Azwuwnietosnit Tuszesdl 2 Avuduiudsewinanisnensailsalu

S2EZISUAULAZAZLUUNITYINUIENA 1 uIa T InU T uauIAnLT UL s A uTiuTuS s e e 1

14 = Xz v a saa & o o [ v
nsAuNUtUIgun1siiluasinisnensalnduse lesud 11 un1sinuIg A LaliaIve s

Lobell and Burke (2010) léfﬁﬂw’]Lﬂlaﬂ’l’iﬂ’lﬂﬂ’]iﬂjNﬁﬂ’i%VIUﬁ@’lﬁ]Lﬁ@%ﬂm’]ﬂﬂ’]‘i
Wasuulasanmgienniadenandnvesiivlnonisairsaunisneinsaiinfivnevausso
anmenniregnsls Ingldaunisadusniiiesiasinuulsusiuvewanandnlnaiinud
Ao 200 widlu Sub-Saharan Africa SsiHaNsEMUYBsEN UM SRl ATIRUMYT 2° avniwabed
YoutuuaznisanUSinasuacdosay 20 99nTuELNSNIERRYEIEILUTTAN (aYNIULIAN
WHAAIUANLAZUUTIADINUGR) 15l lunsviunenisnevausstonisiasundasanin

piiomelusuian aunismaiftgnussdivinduaunismsadinaunsadunisnouaues
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vasitvsionisiUdsunlasnnudeuldussansamaifioda annisalaningienniaeig
Widedoldsaiuaunismisadfsduunltufesfndiunumddalunsaianmsalnanszny
yosmsasuulasanmgiionarenandnvesiitlusuian

Lopez-Leiva and Hallstrom (2003) léna1vdsaunas Plank ilddruaanaanlunis
uiudsomnsBagnifannainmnudiusvemanefusonaumsdaduduaumsuuuliBady
wszfinaredadefiidaunfeades ud AnuruiwiuYesemis auseunkaresnis
VABNIAT UATULINYDIDIMT LAgMINANALANGN et TduUszAvEnsnaLieu
warn1siiaudeuremdnsusiiuiuaginlunatutuianas vilaunisves Plank
frrumandey Wesnidldnunarduaiuaziuuuresnisutuds Seldnersmauns
Tnensiiadorimuauasnsdwesivaliielimnyauunssuaunisududaromn uazends
AraunIsanneenanlun1sVauIaun1sli@adu Miguel and Bengt (2003) F9ilau
unauililenuniukaredusisaunising farnuuasudlalaedninermansdae nns
WIsuWeuUseanEnIMYeda0 W B

Pérez-Magarino and Gonzalez-Sanjosé (2003) léfﬂizqﬂﬁmﬁmeﬁmiamaa
LuuwgnnazegsiefldfunsUssiiuiieadisaunisnsadnmansuntagliaiunsn
Uszifiumsrfimes CIELAB 99nA1n1sgedudl 420, 520 wag 620 uiluming fudsiamuai
Saldanlniunadandad 180 ¥ilalagld 130 & ielildaunismendaemand nan1s3de
WUIINI9100 T CIELAB L %, a * wag C * dmsu CIE D65 / 10 °illuminant / NnA1&wne
anunsalfaunsussanaaildednsgnies (nedidefinnainuinsgrudnieslunisuszuin)
NNAMITRAFUR 520 wilumng egslsAmumnndiees h uaz b * fanuaainndouads
gansewinaimamsaliazanduns JsddaunisonnesiBaduvarsdunu lnefidns
andu 3 A1l 820, 520 way 620 wiluwas (b *) Wieldensrdiu AG20 f9 A520 1Wusuls
dase (h) aumsildsueadusslonidmivlssinhiilaemlunlifigunsaiuazeenduas
fsndulunisfmuanisfines Ardainszuu CELAB lésunisvensuindumsndinesia
Aaglunisiundvesla

Sablani and Rahman (2003)) la@nuwiaunisiaseneUszamiiien (ANN) d@1m5unis
yhuensthanafeutesewns nUiiaALtY QUNQA WATAIIMTY KANANTIE ST
Tlunsdnwilaun weuila gnund ullsdnlng gninm sfurlsa Todadu glasa udls uason
ward1d deyanisiianuieuvewanduaienisedluiianing (0.012-2.350 W/ mK)
USinmaruduiinti (0.04-0.98) gaun il (-42-130° C) uazAUNTY (0.0-0.70) N15AUUA

A1NNSUIINATANAUAAIR U TNANEFILUSHIULUUINE9 ANN LUUINA9UaU50VIUNe
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msthanuseulpeiimaueaiaedeundssosar 12.6 Fuduannueainndouduysal
\fiy 0.081 W / mK wuudnaesilanansaniueglunsaunsaiemaiuiaulusznitans
w3300 M15BeReeldA1A1NTY ol wazAuNY WalSeuliiguNatuannIsues

Rahman (Tayaifiansauianeiignin 0 °C) uazaunsanneenynueg1sienilsiauls (3n

(%
Y [ o

Tayaninue) Mutenisuianuieulasliveanarnduinsiaie Sovar 24.3 uag 81.6

gy Faduaunisuuudians ANN filfaunisannoswnguatesaulsluntsiaun
FJanmngalumsianmuinnsaemanuseulusenitmsuuslemns

Boaz and Smetana (1996) Lo aunaun1svinursnisuilnaneanedaluainis
shemseenuuuasunuinlaruINsEeNLRvese STt wualiUsE N seulsaleng
BestnadinisunisinulsalaieFessilanidulsalainerves E. Wolfson Medical
Center lulslautsemedasniea frasuondialunisfinui (N = 104, fue 73 Auway
fnds 31 AU, 91810AY = 65.6 T) MIAszsimeadasuiunisiinszinisonnesidaudy
LAYNIINAFBU ttest WianTIvdaUANFuRUSSEnIaeanesalustmsiufuusau 9
HamsfnymuIgtheudasauldsuneaneasalueims @adnsy) = 128 + 14 (USualushu

[n3u)) WuaunisivunzaufignuazeSuisanuuususiwenisuslaaneanesaldsosay 84

4

Whiting (1995) na1291n15We1nsaiaadiine1o1ns Wuaivinisdnwinsiy

q

29AUITENBUTDIRATIINYIAAAFANS wazadfiioimuIaunIsNesulgkagyuIenNIsiule

a

wIeN1sanaevesdunsdneldaniisiindeuniivue aunsadulunisneinsalgaunsdd

auTEau: aun13sEauUgugTesunen1sasulUaIeedUIURAUNIININNIAT ALN1TTEAY

a

nHenAuansli iU 05U UUTIaDInaNLANA1 AU LS ITUENINLINADY LAY

9 U

seAunfiarTlunadasUsenuIniuglyd 3nasnimuagunisaanaaansaly
WawgenduarsuonndinduiludnsnsossuugaemgNfuIungAnssuvegaunsd

melateulvinvun lumanan loun nsidulsmniunal, 19U Gompertz, ensinisiaule

a a 6

& e a | o, K & aAa i
LL‘UULE]ﬂSUIWLu‘UL%EJa LLagﬂ’ﬁ@Qi@@l ﬁllﬂ']i"ﬂﬁlﬂ/lﬁﬂL‘UuLﬂiENlI@WNQW@WIUﬂWi'ﬂQLLNUﬂqﬁ

q

Ansgiidunsnelusunsy Critical Control Point (HACCP) uaznisdndulaiiiosanniuteys

a a 6

Uszanansusnvesnsiasuilasmaininazinvululseynsadunsd

Y

Carrillo et al. (2013) lafAnwdudsniinasenisiiondee nisiioaunin iiednw

Aa a !

Auduiusvesdazimwlsianinasentsindulate ewinaainemnsiieauaminig

Wulnogedaiiadlugadfdnniugn wmsieiinisweulesiuomisnaneguainuazasng

'
aaa a 1

yariuliiundndurionns egrlsinudoyaiiufuinediuudyuiiidvsnadongfinssy

Y Y

nsldanevesanmsiiiedunin (FF: functional food) Wudsdnduieliminainudlanivu
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WA &n”u?mwauuauuﬂ’maaﬂ FF LasWaANLAIALAUAIVDINAR AT N1SANYIEE
TogUse asdifieadrsuvuansaunislasaivemginssunisldane Fr vesnalulag
#ITUNRINANYUEAIUYAAS WU AUTaneladeddn JULuuNSAndula ne 91g wag
ViruARU1IUsEASAENIsEeN3UUsEMNUEIMS HANTISR IR viRUARLEIUIN LazAINL
wanlvsdvesudndndt \Jusvhuwedifeesnisldseves FF

Rattanachai and Bangwaek (2016) 1@ nw1n15d1tnAd A near infrared
spectroscopy (NIRS) Fudumnaiafilivianefiess uldlunisusediuusuiaans GABA
Tuwdadundesasdnden Ingldandessiuiu 310 freg d0T8251u9U 260 Fr0879
yrluaunusewn3es near infrared spectro photometer fiaa1us1IAdY 800-2500 wily
Wes warifegaieaiuluiinszsiusunaans GABA faewaded hish performance liquid
chromatography (HPLC) #1@1#i3iasesilduiniannisanneadaunisdudismain
partial least square regression (PLS) laeldlusunsu the unscrambler wuin aunsild
Uszifiuans GABA Tuludndandesiidranduius (R) = 0.90 53319 1Usu104a15 GABA
TuwdadaundesdildainnisiiunsnasAiusuiaans GABA luwandnudssiildainnis
Ansziiluviesufiinng ferdudszaninisdadula (R2) = 0.82 Armmeaaedoulunis
UszLlu (standard error of prediction, SEP) A® 2.80 1n./100 A. Fai1n31A1AY
AaALAABY (standard deviation, SD) fi® 6.50 1n./100 f. @unsAildUszifiuans GABA Tu
wadTendaanduius (R) = 0.90 wazirdudsyansnisdnauls (R2) = 0.81 fAAy
mampAouly n1sUsEEiu 2.02 1n./100 . FerniiAinuAaInAaeuaSia 4.83 un./
100 A. NNSNARBILEAIIINATA NIRS @ursaurunltuseiluans GABA e waxleaun
aunsilalunaaeulseansaimuuy full cross validation Tun1susziiiuans GABA Tuludn
fundesdldn R? = 0.82 aunsausedfiuuSunaans GABA Taseus 0.0-30.83 un./100 n.
YuzfiUszAvEnmaesaunsfiuszfivans GABA luwdnddendlan R2 = 0.81 wazUseidiuls
Faus 1.66-23.26 1n./100 3y

Kawano et al. (1995) ladnw1n1stdmaia NIR langn15a5198un15huus ALY e
9auniAI835 multiple linear regression (MLR) Tun1snsiaaeua1uing (brix) lunaisy
moulul 2018 Campos et al. (2018) waz Chapanya et al. (2019) la@nwWaveInI5a3Ig
aun1suuvawgaamvgiilwuiu lnelaldlunisinsgiiTunalofouvesauuiy was
Usunanirmnalunindinia (1ud1su) @283 partial least squares regression (PLS)

nudswantuansliiuinaunsiiadulaedinsvawegumgivesivegdlinanisitung
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fegrslungugamgiidu q ldAniraunisilifinisvawegunnil lngliainnuianain
1nsg1ulunisviung (root mean square error of prediction, RMSEP) fisnn

Rittiron et al. (2021) lafnwaunshuuIawegmgiives Kawano et al (1995) e
Wisuiflsumaia NIR Tussuunisinuuuagipunduditianinuenindy 1200-2400 nm ¢ae

[ Y

T8 MLR 1971 FBnsadeaunisiuneanudulagldoumgiidududsaulivssaninmlunis

¥ '
o w a

iweAIAuTUlikeNA19IINITIIRs g IUeg it Ay seAuANLLTaliusesas 95 nad
Y aa Yo Y | Y v oA = a U aa Y
VOARDAILITALTINUIUAIDEIIUNTAT AN TR NI UTI UIBUAUATAT 9ENNITILUY
YALTERUNNA (temperature compensation)
Rattanajitti et al. (2019) ladnwinisldaunisidaduiieinuiedviuianisainseu
197 MsAnwluasslldnsfnwidmssaunlaenisfnulaegliteyanfisgiannan1sngia
guamUszAntvesumaInsnansuimglunasdyiinisnsuunndnmsun Ansendeyalag
Tnsiesginuanaesdaduy (linear regression) A1AIUL (sensitivity) AIAIUTLNIE
(specificity) @1M1UNELTIUIN (positive predictive value) LazA11UI8LTIaU (negative
predictive value) Ingldn1sArurudafinianieaingnsuinin (nn.)/(@ugs @2 1Ju
= Y Yo = o a < (Y] v Y
UINTZIU HANTANWTFLYTINNTANYY 1w 555 au Andudnsmeunduiesas 99.10
NATAATIZANUIN aunstunsAnasviiinanigainseutealaun [Mytluianie = 1.363
+(0.266 x (t{dusoutea (@u.)] darAnullunisAundvinianieniaund induievasy
76.27 A1ANUINNIZYINAUTBAE 87.77 AMNUIBLINUINIINAUS8aY 82.19 LazA1vinug
a (- = & ::911 Y I o v
Weauwinduieway 83.33 agumsfnunluassluansliiiiuitaunsamuianviiuianiean
1 i & addl = aa o | aa avy v
Wusoulauaziluisnieuaziivszlovdlunsitadeardviinanieiaun@le
Kirasak et al. (2015) l9@31983n150A0 08 VB INANITATIAABUAMNINYBID DAL
grulnadunsisaanlanalnl Fourier-transform near-infrared (FT-NIR; Antaris I
Analyzer, Thermo Scientific, USA.) 138 ULEUAUNANITIATIZANILAINIEAIW INSI2AS
THA30e FT-NIR Lilvitanemeensuazlinan1siinsziiianin Inegnsdinan1siaseiisgss
TBUATNEUNTANNDNDAANUFUTUSITUAUVRINIHDIAINUT HANITNAGBINUTN NIABIIT
grusalananiivszansainlunisussifiuusuiuan Commercial Cane Sugar (CCS) 310
Wdes aglussAunisiueiienisuseiuaunnld wazaunsandulelinisiuneive

ASUITEAUUS UM aUT eI uA L UDIAY  T9anunsaununesekazduledpeunlginan CCS

TnelgA309 NIR LNUNISIATIENIEITNAT Lo
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[V T
[

nsitenfal Buainnisinsinginssunazanuaantesuilnadeiige
ogunmdeisdiunaumenismain 7Ps Tnsdsradeyaanduilag uasdswninetiteen
Tushsuszimadudnlng $1uau 60 518 wazthdeyadilalusimundnfausinuniuninn s
el dndnfusifiaian naeanssuunmanan Busawimsdadeningiu madenannzms
WAR 91NV NEBUTIASNTFUILNITAIUANAMN LA ATIVABUNEN S nusi 635

inhouse method standardization Tydu3sNusiug 418 Auvue wagldiiadesiign

AnwngAnssuveeuilan wazauAIIndIsvagUslan

Aan1InaIaLasNaniuaiEINemTUNLleAn

(%
= ildo

n15398 i 0un153 9818 9U3una (quantitative research) Usewins fie §Nd mune
wazfiuslaattsanitegunlusassmaniediiieates ddeinduilnddatuiulonn
fign $1uru 60 18 1Adesleflilunisidudoyaiiainia fie wuudeumy Uszneusudau
dfgy 3 @ il
dwdt 1 WufauAeafutoyadiuyana
druit 2 iudnadeafunginssuvesuilamirdsnaiioquain duiladeniely
uazmouen Fdledsanssudiazanuaavisan ORAC uazwgAnssusudy o ﬁuﬁu’%‘[m
MENuNgAnTINVRIEUTINAYeY Kotler (2009) wag Schiffman and Kanuk (2009) #iilsig
madinauladersinafioguam
il 3 LﬂuﬁwmmLﬁmﬁ’ummmwi’waqQU%Iﬂﬂﬁﬁsiaﬂaqmémimmmaaﬁwﬁqaﬂ
legunmsngaiuUszaunIsnsnain 7P’s
Tuduil 2-3 fifemaududnwauranasiauuuseRuasuunaAs, 5 seiu Ainse

a

ayameatAlansTa uazadilseunu Ingldnisuanuasniud Afevay ieesuiey

e

ANANYMEUBIEADULUUADUNY kazAladuauatln Ardiudsuuuninggu ieesule

q

WoANTINVDIFUILNA
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< v
1. msinudaya
1. Tdwuvaeunuesulatnifianesu (google form)

2. Muuvasuamesnlal viegauuvaeuauduenais

2. MITIUTWUaTAATIEToYA
susmdeyannuuuasunaudunuiasiiuaziuuade Wethuiesziteya
seatRiBanssn wazadiiBieyunu Tngldnsuanuaseud Aade Adesaziiieaduie
Andnvazyesaaunuuasuny wazldAedsavade wazAdudosvuninsgiu
(standard deviation) #7835 One-Sample T-Test lngldlusunsudniagy SPSS \ioasune

ANUAANIIVRIUTINAGILYIALUUUALATY (likert scores)

NINAUIUIANTTUNTTHANUNTAALNDFHUNIN

1 1 v

1. nsfnesEAuANgNYalinnNlnaiaA1a1sALIUYADESE UaTaTATUBYYADETY
524 (ORACQ)
= a v a & & Y & Y v A o

Wigumeuansinueyyadasensluliendugean uaviudeniisnauns Nszauauan
3 sz8y lawn S8 4 5 uag 6 lnadenanwsennitiudentienngnis 3 seee seevay 1,000
n5U @nmLeIdNsanAneIU (crude xanthones) 8aNUIRIENTSHELENIUBASBEAY 95 F1UIU 3
dns drulfondegauisazldidanuiegnne 3 szee lnedrlUeuuiiaaini 100
RIFALTYE UMTNANIIUANNENGY 1,000 N5Y Pllanmeansan AeIuAELeUea
v o a @ Y 3 v} gj [ d' a 6 1 ¥
Sovar 95 317U 3 ans snulilduian 14 Yu ndunsaweialsanantabludmsiziianansanu
auyadasy 3 A1 laun Aweulnleedu Indiiuea wazrransdueyyadasesiu (ORAC)
NUUIYUINNTIATIEALALHNBUSY @n10ULATUINTT UMINEFeUTna IAT1eALaeld 35
Ou et al. (2001)

1.1 A15NLRUNISNAADY

NMHUNIINAReRUSEUgUTEEEANANYRLUABNNAAALATL IR UT U
4139 ueuYaBaTEA875 CRD (completely randomized design) Wnailaluiiasizvinn

AULANATSMIBAITIATIZNANLUTUTIU (analysis of variance)
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1.2 mafusiusudaya

Wrdrednansadiavevluinsieiaiaisiueyyadasslaun woulnleefiu
wazlndfiuea imsgireenuiniieduliadniu/100 ndu drudrasdiueyyadase
famun (total antioxidant : ORAC score) AiasngsiAraonundntreidululasniu/ 100

L GBRIN

2. AnwnanmzmsnanuazangnsinusniniidwasaAasfinueyyadaszsau (ORAC)

= Y ] I 4 a go’ L d‘

ANYIAINUAININTOAIIUAIDYVDIAITAIUBYY A BT 5IU (ORAQ) luidenmaiie
guamlagnsihansananuiendenn (Aududuvesansaiane uazatgey Segay 8.50)
wwfnativluidiandiuiudesas 1 dewiludiuan1izn1swdn 9 @an1izhe pH 3.0 3.5
wae 4.0 audumstinnufeungumgll 105 110 uaz 115 ssrnwaided waztluiuinm
Tugaumgiivies lnenasnergnisiiuinuilmiulilufiuie uasnadeslits uazsinulundes
nszareiietdesiunasntsuendrlududaindnadiods uaziiuldunan 0 4 8 uag 12

% |

Wweu aua1eiu MndufieautaranselUinssiniAansinueuLadase s (ORAC)

ANUIBUINTAATIERLAYRNaUTY d@adulnwunnis 4rn1Ing1aeuing AUKHUA1ISAaDIlY

Qi
11N 1

M9 1 WRUNISVIRABINISANYIANIENSHERNLNasBAT ORAC lutdenaiioaunin

Treatment (Renags) A1 pH gaungil (°0)
1 3.0 105
2 3.5 105
3 4.0 105
4 3.0 110
5 3.5 110
6 4.0 110
7 3.0 115
8 3.5 115
9 4.0 115
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2.1 NIINURUNITNARDY
PLHUNINARETBAN Y BVSNaTRIEN 1IN THER twn A1 pH 3 SEdu LA 3.0
3.5 uay 4.0 wazgumgiifldlunisndn 3 sedu leun 105 110 waz 115 ssrwaldea sorn
ansiueyyadaszveniilinaifioaunmlagds factorial in CRD
1) mafusrusmdoya

a

didenailélundardmanasluiiaazidiatsdiuenyadass Téun
1) Aransuaulnleeniiu (anthocyanin) daAreeniniivuleiduiiadniu/100 n3u (mg/100g)
2) a1sngulndfluea (poly phenol) Tndreenuifinuieilufiadniu/100 n3u (mg eq
GA/100g) LA 3) @13A1UBUYABATEIIM (total antioxidant : ORAC score) AA128NLN
mhedulalasn$i/100 faddns (umole TE/100 ml) wienfuilfifuindmaluusarAmaans
Tunanfl 0 4 8 uag 12 1oy tludinserarsduoyyadassi 3 a1 efinwinaves
sgprnamaiuinwternsivdsuwlaesmsfueyyadassluhfnaiiioquam

2) mMIAszvidaya

tuafildannde 3.2.2.2 Wiasgimaruduiusvestiadors 3 Jade lHun
A1 pH gauugdll uazenan1siusn Giaﬂ'wé’qmw%aﬂ'wmsﬁma%aﬁmzﬁgﬂ 3 @1 AIENTT

o) o

WATNAURUTUTIU (@nalysis of variation) uagmeNduuSHIEIT F-test

ANSINAIUINALANITATIAINAT ORAC R85

In house ORAC standardization

' (% [%
ada = CY

Waunalan1sns1aina1 ORAC feuanIsanfiunnsis 3 33 wWown3s 3 duun
Uszanamnuuduglunsinsgsinn ORAC uazassauniseaninldodsde weamnsa
T¥auauUiunn ORAC lunssurunisnantisanaiiogunmldyn soulunisudn uasiden
01aun1574187 4011 0U35 In house ORAC standardization Tagtia 3 333aA1a13d U

auyadasy laun

1. A153LAI1ZY ORAC
NM59LATIZ% ORAC M335uae Ou et al (2001) WIS IAIIBRMILNENNIT ORAC-
FL (Fluorescein : FL) lagleans 37, 6’- dihydroxy — spiro (isobenzofuran — 1 (3H), 9°(9H)

- xanthene)- 3 - one) WudTnUjAserulalasiauszneu (Hydrogen atom transfer :

HAT) Fulunisineansiueyyadaszanaunninvesiuselalasiauainnisinujisendiv



ar
a15euyadase (peroxyl radical) kazaziiA1dMUdsuly warurlusiuaaleinios
Spectrofluorometer MANANAUILEY (wave length) 520 urluluns ludunouiazldvas

6

IpsrennantulavuInig WInendeuina aaten Wuredasiy

2. MIUATIWAIETAUDYYADATEA8TS DPPH

A15IAS1ZIIAN DPPH L@anla35n15989 Brand Williams et al (1995) Aan153uAs1LH
mmmmaaiumﬁﬁwmaawgaﬁaiz 2,2-diphenyl-1-picrylhydrazyl (DPPH) Faduans
o cal a a Y N = ° aaa ) v a 1Y
duavennegluslouyadasenaiiuaziding e DPPH* viUjfseivaisiuesndindu
v ) v 1 [ = & o [ 1 = a &
Arglen1uea vlidlevaududivdes drldindganiulasiniiue1indu 515
WULUAT WM WINANNEINNTaluNSYaeeuLadase DPPH agldansazarelnsasnd

uasuinggiu n1sAuaaan DPPH vildlasdAindalaundiuiamaidosaznisindu

Yy DPPH 31ngn3

% Radical scavenging = [(A control — A sample)/A control] x 100
o A control  fB AINTIAANTULENYDIYAAIUAY

Asample B ANNSAANGULAIYDIYANAGBU

WAIAIUIUNIAT ICs5o 2INNTINTENINN % scavenging AUAMNLTUTUVDIATANA
=) I a  a Ty a ‘:!! t-:l‘ [
Lﬂismmauﬂiza‘v]ﬁmwiumiaﬂﬂimma%aaaizamaamwm (ICs0) VRIEANANYNY
TutuneuilagldvialfuiRn1siasieinivalinaaianasuay @a1913Me1AEdns

wazmAluladn1seImis uninenausvdgsatnnssal

3. MIRIAIAUYY
Junstaranuguussaisadaneivainildeniligainsiuardindniwuueusiie
K [ ! 1 = 1 [d = [ A o/ [ = I
P383IRAIAINYY drdieidu NTU Wesannaisannandendenaluansdvades azane
ilatesunn drulvgliavarsin Judangneuludiladaau wavarunsausaiulanignn
Wananyuagnaunvinmueas Isanansaneadminaisanannsiuanududutaiauadliun
gaumngiivieanazinA1nuyuesnuils luduseullazldiedinsierl Aananesuay @19

9 Y

WeranswasnAlulagn1TeIng InNINe1des eI lnngsal
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4. MawIguAIRgNEsENaURandRaANanIRIn

=

wialing 3 35ledndeg nuaInAududuReiu Ivinseseudiegsansana
1NUARNTINANNIIUANUTNTULUUOULAD 5 58AU LauA 4.25 8.50 12.75 17.00 uay
21.25 §a8n31/100 adans lWhnsigimansdueyyadasy 3 35 Lawn A1 ORAC, DPPH

WAEAIUYY

5. M33UTWTaYALALIATIZININEDR

UIHAIINN1TIATIZIAT ORAC M358 Ou et al (2001) Tutsd 3.3.1 A1 DPPH mal
35999 Brand Williams et al (1995) ludio 3.3.2 uagAaruguannde 3.3.3 v 5 sduanu
Fudu Sinszianuiduduay 20 91 113ATIRAULANANFIBNITIATIERAILUANFNS
ANOVA 9 ntiutihAria 3 Tfneanuduiudidadu snsanneedsiuayandusiug
ws1znsanassLazandunus dumeaianadafilddmsunmsinendnszianuduius
S US S 2 f Feldnvazaruduiusiudadu TneduuswideSenin fauds

Sasuauunuaig X hazdndinlsisenin fudsamulouwnusie Y dnusdasyazidudinus

'
v

aa a ! U ! 1 a 6 L% v [ ! U a
LONTNANDAILUIAIN MIDYILIU NITIAIIEURAIMUAUNUGILNING ORAC AuUTUIUaNS

=p

afnandeniinn n1sinszinIsanaesdaunes Wunszuiunsnsadafidassaunts

ANAANAN ST IEULAAIANUFTUNUSTENINIAILUTDATLLALAILUTAIY A1NSUNITIATIZN

(% v 6

anduiusidunssuiunisnanfanleinsesuauduRusiudurasdnl sdasewazinus

M3 35159189 NI MTURTIRa0UIURUUANNAUTUSVRIRILUTAD WNUAINNITNTEANY

o/ (% s 1 =

(scatter plot) FaldianTasiznArANuFuRUSIBLduUnss 1Adunauiazaaziifianisle

Y

Y 1w =

aunsaldardunauilanensalandunadnamilalanieli InensunAdangudazduivi

9

[y

wUsEans (coefficients)

aunsdaduilaun1sluguuu Y = a + bX

Taofl X WWusuusdase waz ¥ 1fufuusey anuduvesdudo b uas a Aegadn
(F12ed y ile x = 0)
Y Aeanwesiaudsay (V) Seimtidinensalmnudunusidady

[y 1

29871 ANAST WINAUAIYB9 Y WeA1 X = 0

o)

a
b Asluf1 AEUUSTENSYIDY X; ADAIMINNTUTBEUDADDY
e Y wasuudasly

X AeAvesmwlsdasy (X) Tavinuneaives Y
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n1snagaulsEAnSnInYani1sinal ORAC Tuthdlsaatiagunw

#8735 In house ORAC measurement

1181938 In house ORAC measurement 9n%U8 3 ke @wsataun1siunensal

A1 ORAC a3ami ntuindsunaaisadave uimsvusunasdueuasivluindigaiiie
gunn naaeulEasaiunEUIUNMINANTIAAINAUNIMNEN1IEN1THENTTY 1160819970
a 1 < ] ! = o [ ! 1 o w 1 = a ¢ 1

n1snanwdseanluassdiu d1udl 1 drldinAradugu wazdididiun 2 lWimseian

ORAC mthgu3n1siseikagiineusy aa1dulavuinis uminedeuiing dinailaain

MasdIuLmadaUaNnIsiiadun st uNg
PBANNAMINITALUIIUIRY
31NN13IMHUNITITeNUINENaeTade i lvldanunsaaniiun1933eussy

1. Adeddnaanumaniaingusiaalusiislsena nsseuinveslsalia
lalsun 2019 yilvinisiaumadiuntulssnenegvesnquidmunetodas faudaeldssuy
soulatdisffinInevaueioysie

al

2. msanlunisnaaeundndue ldaiuisadntunisiaiiiesannguilanain
saUsmalianunsaiunneludsenalngls Useneudunisvessesssuluuyudiitednin
Na189819 J9A0ITLIUAIUNAFOUTY LazyAdauAIUdY 9 Tu 7P’s JUUUNITHAILILIANTTY

NIAIVANAAINYBIFUAUNY



una 4

NANISNARDILAZIANSAINANISNAADY

NANTISANYINGANTTUVRIRUILAA uazAuAIAnIsvasuilnng

dan1nataLasnaninaiEINemIsUNgleAn

o

n1siiudeyaililiun1s3de18aUInin (quantitative research) Uss1ns Aoy
meuasiusinainipaiieguninlussUssmedudlngvsedineateslulssina
S oA g v Ya o Y oa P o Y 1 aw = o w

Fetolnduguslnaeuaglnadaiuduilnauniian 31w 60 e loun Usem lediele 11,

Y

& o v s o 2

UIEniindusaa 555 91ia, u3En dSulsadang 31de, uT¥nagwlusngad 91da,
Sonnenmacht GmbH, Sammill Limited, Ulido International Limited, Tropical Royal
Limited, $1491887 LLaz;:Jﬁmmaﬁ"avLﬂ Aawvvaaunuldauysalean 1 918 wdeduIu 59
LUUABUNIN NaMIdNTIaTayaUTEneUfedud Ry 3 diu fall

1 v

AUAFIUUARFVBIRABULLUUEB U

=
e

Anaukuugeuauvianuadisiuau 59 auluwie 32 au Andudesas 54 wazilu

p %

weds 27 Au Andudesas 46 orgdmounuuasuaudulvgengegluyie 30-40 U Sevaz 30
JeeRINeTgAY 50 U Segar 25 mufieengYarIng 30 U Sesay 23 uavengyia 40-50 U
$ % = 1 1o < = 1Y a a v 1 a a
Seway 22 MsAnwdlngduianisfinurseauTynes Sevag 56 auganinUIyynd
Sovay 23 uawininUSyaeETesas 21 Melavesneuwuuaeuntaunuil Melddulgiinnnii
6.0 wauumsiol $ovay 37 519lA 3.0-6.0 LauumIaeay 37 59ela 1.5-3.0 LauUIm Soay
24 uwagswldnindi 1.5 wauumiosas 4 odwvesneunuudeununuindningdudves
ganwesieras 62 vihaudiuis Sevay 20 1Wugndneuiem Sesaz 9 uwasvholussuusams
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AN 2 TBYAAIUUARAYBIRNBULUUABUNY

Gl ADY AU ANNRYeY  Youae
AMBY

1 INAYRIERDULUUABUAY N 32 54.24
B8 27 45.76

2 @gvewmeuLUUdaUnY (U) <30 13 22.03
30-40 17 28.81

40-50 12 20.34

>50 14 23.73

3 seldveaineuwuuasuny < 5,000 2 3.39
(USD) 5,000-10,000 12 20.34
10,000-20,000 17 28.81

>20,000 18 30.51

4 msEnwvesReuLUUdeUIL ATy 12 20.34
Uy w3 32 54.24

ganinUSeyeyng 13 22.03

5 91TNUBIReULULABUY MUTITNIT 5 8.47
M9UdIUdN 11 18.64

andng 4 6.78

1A1U83gINA 35 59.32

HUnAn 1 1.69

2. woAnssuvesuslnadatdlnatiiagunn
ngAnssuveruslaadeuisaaieaunn audadenielunazateuen lned1sia

N53UsiazAUAIAnNIsA1 ORAC LagngAnssuniudu o AUUSLA Mengunginssuves

1t a

fiu3lamuas Kotler (2009) uaz Schiffman and Kanuk (2009) fifison1sdnduladeyiga

Y

WagunIm 21NN1TETIINGANTTUVRUT AR UNlR AN YN T NINNERD UL UUADUAY

59 AUNUI HNNBULUUABUNINSRYAY 96.61 tAEAUUNTIAALALILNEISD8AY 3.39

Y 9

Ao A
Plalmedy
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udssmineininniifuslnadesndumniian 3 Susfuusn Tiun saineeulat Sy
PAUMAUAIN wazmaALAIeYIY TuIudesas 44.07 3559 WA 28.81 MUY LAAS
Miuslnnaunsndemldanaainosulatinniian slinvesiiinaiidesnuilaanudt deth
Teaaifteaunmanniiannudethilinauiosas 100 luinauasdueyyadasy uazindinn
Ussusamlu¥euas 46.58 32.88 way 20.55 muady meaiuﬂ’ﬁ?iuﬁwﬁmwudﬁmLﬁa
thgsgunmanniign aude aieemandu uazuinsgme Nsesay 72.88 2034 wax 6.78
sy fuilandanar ORAC Tuthwalivdoll nuthdosay 100 530 sulalududrinden
ORAC mi3alimuindosas 33.90 nouindihila uaziesay 66.10 seuithithila mwaulsisms
uAuA ORAC Tumsuannuinsesay 96.61 aula uazdn 3.39 nauitliduila Anualadidims
Fusearn ORAC Tududmnaen wuinsewas 98.31 aula waz 1.69 aauiihiwila

Pndayasrinanvilinsuiguilaaiidinediulng3aneaisiuenyadase iy
(ORAC) 7 wazidenaeianaiiieaunmuniign deduslunanesulalgan uiliree
fulaluen ORAC Nillundndaainge Jsaulaciinisaivnuuazsusesdn ORAC Tutdnn

LWOEUAINNNABNNTHER (ANT19N 3)

3. wadeyanumanisvasiuilan
nateyanuAnisvesuilnaiifidonisnanuaznsimunanSusiemsiasy
qunmihifsapfineasBeamudulssauynenisman fail
3.1 Aunansel

AundndaSuomsnlinn nulsEAuaIAAIEUSLAAfeAMA I NYBIFUAT

v

LazasTnauvienuUsElovivesdumgeiigaissiu 4.24 azuuu windu Fudusefud
manTsnniian mufenanifineandenvesdumilseiu 4.05 avuuu Jaduseiui
A tann wanstidiudnguslaalienuddguessanfasiaduonsiinad uaunin
vosAuduazanUslonifiagldsunnmsuilamnnniiduy 4 Tnevis 3 delissduasiun

rreandsliuaneneiu (59N 4) Feaenndesiuauidevesdaainn 5tndgna (2560) 7

7 Ag>]
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WuirsEAuANAAnIHUIInAReALAINYRIEUAT waraTINAMVToRNU T e vivasFUANg

A a o ¢ & A Y A A H 9
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v '
o/ )

A139N 3 wgANsTUYeUSInAnanlnaLigua N

a10U A0 AMBY AwAves  Yewas
AMaUY
1 auesuilnaiseanielsl 1A 57 96.61
HET 2 3.39
2 audethifseeanlmenuilon nddnds 14 23.73
NFATUEN 16 27.12
NeaIneaulal 26 44.07
PNFUNL 16 27.12
neannglulseme 13 22.03
NAA1ALATOUY 17 28.81
PngUilosunsiie 7 11.86
TV LFUA 21 35.59
qUAMN
Mnfrudinly 6 10.17
Fonsenngue 7 11.86
NNAGUINFVAIN 16 27.12
ey
INKFHER 1 1.69
3 wfiavesiifineiiveuuilna thifanavialy 15 20.55
ihifanpmdidien 24 32.88
ihifsaifiaguam 34 46.58
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asefi 3 (o)
a1au ADY AU ANudves  Sowas
AU
¢ wmualumspuiian WANSENIY 4 6.78
a¥1apnuandy 12 20.34
U139qun N 43 72.88
5 $nen ORAC Tuwalsivielal %4 59 100.00
Taiwvla 0 0.00
Laisdn 0 0.00
6  puiulalududiingen oraC  fiuls 20 33.90
3ol
Taisula 39 66.10
lidednd 0 0.00
7 avuaulandiBnsevaner  aula 57 96.61
ORAC Tun1swas Taiudla 2 3.39
Talaula 0 0.00
8 anuaulanin1ssusesal aula 58 98.31
ORAC luduamnaey
Taiwila 1 1.69
Talaula 0 0.00
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M3190 4 anuaenivesuilaadendnsdusiaiueimsingdge

19U AIUAINNIY Anade  dowdeauu n1sudama
) INTFIY
(SD)
1 Ausaud 3.98 0.99 ANANIINN
2 ANUVAINVANYUDIEUAT 3.81 0.99 ANAWIINN
3 @5IEuUM 3.73 1.08 ANAWIINN
4 AMATNYRIFUA 4.24 0.97 mavianniige
5 psiifedesaznindnvaives 3.92 1.05 ATAYIIHIA
WUSUA
6  assnAn viseAmUTEleyl 4.24 0.95 mavianniian
7 99asldunvesdumm 4.05 0.94 AR IIHIA
8  AYUTUTIY 3.98 1.03 AIANIINN
9 NITLAYBINATN 3.66 1.08 ANAWIINN

3.2 AIUIAN

AUIIANEAS a1 5UNTAA nwudguslaalianudrdgiusiaiduan
-'-NI -dl a U 1 1 ‘:{' d' U ¥ d‘ a %
NnganilaeuiuauUsgeangansyiu 4.12 Azlul mumeavnzaudiaifiguiugunm
N5eAU 4.03 ATLUU LAEAITHNITHULINTIALAERIATIMUNENTEAU 3.78 ALY AINARY
TAEANUAIANTING 3 ﬁﬁaﬁuasﬂuisﬁummmwi’mm FITLAUALLUUAINUAIANTILY

1 U dl
LANAIIAUNIA (AN15199 5)
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M990 5 ANUAINNTIRIUSIAAMUTIA NGRS ueET I sUNTAR

A0V AUAIANIY ARy d2uleauu nsulamna

(X)  wwsgu (SD)

1 @asiAvendniau 3.59 1.00 ANARTININ
2 enduiusiudsuneu 3.76 0.95 ANANIILNN
3 wugthslaggdndiving 3.78 1.04 GRVENGT
q ﬁmmmsamﬁmﬁauﬁuqmmw 4.03 0.96 ATAILIN
5 3’1?”1’1‘17{LMJJ’]zaiJLﬁE]LﬁEJUﬁ'U@LL“dQ 4.12 1.00 ANMAIIHIN

=1

3.3 AIUEnIY

1 a v 6 (%

AuanIUNIRT Mg S uellESuemsUdean wudgusinalvaiiudAgy

o

' '
= = o

fuMsImingRuALNINReNogelianseny 4.21 AzLUY %aL“fﬁluﬂmamwwi’ﬁwﬁ’umﬁqm
¥ a o [l ¢l [ =Y [~ [ @ o 1
ANUA28TIMU1eN19eaulalNsEaU 4.10 ALLUY DoLJUAIIUANNTINSEAULNN wWaLIINUIY
TuapunNu TR Nseau 3.95 AzLUY FUTUANNANANTISLAULINYUR SN (151971 6)
wananaunnITIRI Ul wdusslintn i i usedmursluduanausld n1sdve

WuyananinletiedaduauninnisiuslaaeenFodundnteanianis

MIN 6 ANUAINNTIVRIUILAAMUARILUNIIRT I enEn eI sUNTAR

10U AUANNNI Aade daudeauu Asulana
(%) UM3g1U (SD)
1 {ifleense 3.56 1.13 ANNAIIA
2 Indivheundeiiwnends 3.68 1.15 AN
3 $EANISIAUNG 3.77 1.04 ANNRIININ
4 fmhelunvled viamawmadn 3.89 0.93 AR TINN
5 sunheluanuiiivniede 3.95 1.01 ANMRTININ
6  swtheruauiundede 4.21 0.90 ATARTINN
o
Fitgesulay 4.10 1.05 ANARIILIN

8  swmhelusuazninie 3.78 1.07 ANMN TN
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3.4 fUdNESUN15VNY

v v aa

AuduasINsNERARd allaSuasUTInn wudiduslnaliaudAyiunsisia
PNEUSINAINADUAMNAATNTEIU 4.24 Ayl anuadgiinslavandumludomeinvainvaiei
s9AU 4.22 Azuuu Tnevia 2 Tedadunnumanisszauainiiaaindu wasllavanriiude

¢ al [ = [ [ A ! ] a
poulauisysiu 3.95 aziuugaduaiuaianiesszauuin (5199 7) waasinisduasunis
eiieligusiaalasuiaslavantudevanvaiesuiuu lnaiundessula wasiisiives

Auslamunneu Jzdamadenisinduladenindusiiaiuemnsundan

M3190 7 anueanivesfuslaamuduaiunisuenandaiasiemi sl

19U AIUAINNIY Anade  daudesuu  nsulawa
(%) NINTFIU
(SD)
1 Sadeldine 3.83 1.19 ANAIINN
2 Jveuay 3.73 1.23 ANAILNN
3 Wusun@nuasildns ey 3.83 1.09 ANMAININ
4 favanriudedafiun 3.78 1.15 ANAWIININ
5 flavaniudeseulad 4.00 1.10 ANAIININ
6 ﬁiwmwmu%aiwq 3.93 1.17 ATAIUIN
7 flawansuded 3.85 1.14 ANARTININ
8  lawa MR NUAINaNY 4.22 1.08 mwi’amaﬁqm
9 WugtduAfImnen 3.95 1.06 ANMRAIIHIN
10 #Ehdumnnguslan 4.24 1.11 mavianniiga
11 fudmsdededl 3.90 1.11 AAIIHNA
3.5 ATUNIMUNY

Y

!
1 a (% L3 LY

I mhendndaiasueninire wuiguslaalinnudAyiugdmiien

holy

' ] '
=4 =

S18ALDYNFUANNAINAANTLAU 4.22 ALY LAgUAIUAIANTITEAULINTAERN ANUATE

EY (] 4
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&SP CaNle

] U

° ' = o v o o a o % Y] Y Y a 1%
‘UWWU']?J@JV’T]']NELLGSIVW’\IWLLuzu’]‘V]LﬂEJ'J"U@Qﬂ‘Uﬂ'J']lIﬁaﬂﬂqﬁmaﬁa‘Uﬂ;ﬂﬂlﬂV} gnU 4.05 AZLLUU

Tnaiduaumanisseivann uazddmineldlagnAmnsteasiBeniisedu 3.97 aviuu
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Y a

Wupnuaandsseauann @399 8) wansinfuslaaaianianasdedudnugsmuneny

Y

JwasdenvresduA Jauiiaunsanusinduila wagldlagne

M3199 8 AnuAenivesuslaaiugImiendndaeiiatie v siding

AU AUAINNIY ANRRY  dduleaun nswlamna

(k) ansgau (SD)

1 fRwneBuudu 3.76 1.07 GREVENGT

2 gdwniganm 3.88 0.85 AIANIILNN

3 AIMNEIYasBunduas 4.22 1.01 mavTanniign

4 fdmheuuginduinui 3.93 0.91 GRIVENGT
A0IN13

5 gdwnheienuiuasli 4.05 0.97 AAIaIN
AUz

6  wiwhwawnsnandgnale 3.83 0.95 GRIVENGT

7 gawheldlagnamn 3.97 0.96 GRIVENGT
Jauldun

3.5 AIUNSSUIUNIS

(% 6 v [ %

AUNTEUIUNIIIMIEREAd LTI MTUNeRn wudguslaalviaudAyiu
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M3190 9 anuAenivesuilaanunsruiunsiviendnduasuem g

819U AUAINRI ALady daueauu n1sudama
) 1M1 (SD)
1 USMSTInSInadLAaILAY 3.80 0.98 AN IININ
gneios
2 fluadgnsiesspsudiu 3.95 1.28 AN IININ
3 fmumusensdade 3.80 1.19 AR IIHIA
4 SURAYBUsONARSM 3.93 0.94 AN TN
5 AUSNSHRANNISUIY 3.88 0.95 ATAYIIHIA
6  dwoududegneTinga 4.24 0.90 A Tsnniian

3.7 AMUANINLINRIUNINILATN

FruanInkandoun1enIsnmYasnan Susiaiuemisiidian wuiiguilag
Thanuddyiunisinaniuiliazenn wazindefiogefigniiseiu 4.22 azuuu dadumny
mavdasziuinniian museussetueiiulinsiudunedey wavdsmuieussneazoinuas
3N isgiu 4.01 way 3.98 ATUUY AUEIRY Tnevis 2 Fodmbuninuaianiaseduan
(15799 10) wansirduanndeamisneninguilaeliauddyfanisiuaniui

ARSI wazEIIMINggINgn
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M131991 10 AUAIANIIVDILUTLNAMUAN INWIAGBUNNNIENTNNEATTLAT DM

[
o w

Wslan
a10U AUAIANI Auade  dwdeauu  nsudana
(x) 11M5g1U (SD)
1 ussesasiiduinsfuasnndon 4.01 1.00 AIANTILN
2 vrsyfasiaunsoldsn 3.81 1.14 ANANIIAIN
3 HImgusingazeInlaranIn 3.98 0.98 AIANIINN
4 FEmmheiithsiumuviothede 3.90 0.99 AIANIINN
5 deaanuitlavenn uaztndeto 4.22 1.07 ATANTINN
o
6  AupdellanmAneunsdey 3.93 0.93 AIANTILN
7 Aummnsszymsuslaeegetaiay 3.88 0.95 AANITN
8  dlanalunisnsivaeududAineusu  3.88 0.95 AIANTILN
du

NISRAILIUIANTTUNITHANUITIAALNDFHUNIN

n1simuINinnIsun1suanndenatiieguninlalandainnisdrsianginssy
LAZAIUANANIIVBIRUTINARIBLUUADUNNTIBENLUUIAED AN ¥ dIuUTE AN

N159aA 7P’s laglanizauNanduenguslaan1anisnmunIn wasUselevineasnanves
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a199ueUYadaTe FURaNTaLARINAIANTIGINaAR T UNERT N tALA AN INYBIALAT
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uwavasinauvsenuUsleviddinsuuunuaInnTigeignsedu 4.24 Azuuu Wiy
msfaglihdeafioauainaunimuarassnaunddulunuaaniweauilaatu
AOIATUANAILG NTAREBNTAYAU NTEUIUNITNER KALNITAIUANAMATNYULHER F998¥1
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a =

NnaenHan Jldeanuuunssuiunisuanlinsoungy 3 nszuiumslaun 1) n1sdaden

'
a =

TgAUNNasAUBULABATEEIAn 2) ManznsHanIraNinagasAUeULADATY

deeign wag 3) N13AIUANUTIIAENTAILEUYABATEAIENTTUIUNTAIUANEBENE agdl
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1. NAYBITEAUANGNVRITIANABAIATSATUBYYABHATE LATA1TAIUOYYABEHTEIIN
(ORAC)
nsfnwilldnadenndunidandmindunylusesauanuaniiuaneeiu (4, 5 waz

6) (09 9) Aadanszauaugnveiinaanuisdesiionisiiunedinauazainisiv

Y 9

=

g miidinauidsuazimunnens Junys Useinalng laedinaniianinuand

9 9

wananduansadunalaaindvealdoniiuandaniu lneszesi 4 Tannagsuilsanin

wWaendrulngdaduduns Jdirsduldiiu Sesaz 20 diuszezgni 5 TRA3NIUTY

'
I a L4

dwdenidiraluiesar 50 waranszeeil 6 Hllianasidiiesesay 100 wazdsaninuuin

9

(%
= o

Wienliflens uazunsaunszgayds

A 9 dnvuzveslneilivaasininuan 3 seey laun svue 4 5 wag 6

A Y & o ' < ! v ' A
Wienveslinaueneandaniiledun uauazwuseanidu 2 du laun 1) Waenuaan
waz 2) vilidenuialagaufiaunnll 60 Wuan 12 43lus (0wl 9) newdillarindiae
wnueaiutuiosay 95 (n i 10) thansanaluguiuuveswesvailuiwgvimeeulnly

gilu ndluea wagansinueuladasysId (ORAC)

. e £
A o A Y L4
Waendenngn WasnuanaLmn
9

A 10 WaenilpeanwazifendinauiiiiinlUadnansanarenu crude extract
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weulnlgeniu Indluea uagaA1 ORAC viamun ludendineanuazuvisnseduning

I oA o o ° a Y a1 @ A
EjﬂLLﬁﬂG]']\‘]ﬂULiJ@ujiJ']ﬂﬂ@I u’ﬂfu’lLLﬂi']gLLa'Jilﬂ']@ﬂﬁ']i'NV] 11

AR 11 amnsanaansafianelu crude extract wWasniinn

LN IUDAIUTUTDEAY 95

M19190 11 wansduwoulnleeniiu Indiluea uazU3uia ORAC NmualusEAuAIINENTD

fapanuansnafiu

Mangosteen rind Total anthocyanin Total polyphenol Total ORAC (Umole

extracted mg/100g (mg eq GA)/100g TE/100 mU)
Fresh rind
extracted
Ripe in level 4 4.06+0.17° 632.73+21.14° 17,063.361+883.25°
Ripe in level 5 4.04+0.24° 683.581+29.63° 20,958.61+725.08"
Ripe in level 6 5.09740.18" 707.39+29.73° 24,744.65+787.78°
Dried rind
extracted
Ripe in level 4 1.1040.10° 922.87t6.11° 23,550.05+690.88°
Ripe in level 5 0.9910.03° 1010.031+42.95° 26,630.41+1132.74°
Ripe in level 6 0.171+0.10° 798.37+6.97° 33,802.96+1,374.38°

1.1 waulnlwenily
Usinaweulnleeiuiualuliendinnanainluseduaiiugn 4, 5 uwag 6 Vana
19AD 4.06 + 0.17, 4.04 + 0.24 waz 5.09 + 0.18 TadN5U/100 NSU AUAIPU wardany

o

waNANeENHTuEAY19EnA (p <0.05) (11919 11) twrlduveawsulnloentu wuinindu
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dewdenilenuanuardhaduiu dudeniinreuuisiissdiuanuan 4, 5 uaz 6 wuh
answeulnlwenduitasalananuaiianyinfy 1.10 + 0.1, 0.99 + 0.03 uay 0.17 « 0.1 1A, /
100 N33 MNEIRU uazdlmuuanAseg1sitedAyeeia (p <0.05) Usunaansueulnleeiy
amaailowFongnouliuss (nmdl 12) mmfeulunszuaumsiwishaneyuinaueulvlueniu
dnfeansansinueuyadassUssinvieulnleedunnuaiinamsdenldiuionaniunisanin

ANINNISIYLURDNLIAG

Total Anthocyanin

5 4.48
4 3.54 V
_ o=
£ 3
o
~
o 2
€ 0.86 0.825
1 0.14
0
ripe 04 ripe 05 ripe 06
e=@= Fresh Pericarp Dried Pericarp

awi 12 wnlidunsdsusdasiinuamsweulnlsetudornugnuesiinaieuly

1.2 TwdWuea

Uinulwaftusaiamelumsnsd 4.8 wuideniinnaniiataldivsiaindfiues
WINAU 632.73 + 21.14, 683.58 + 29.63 uag 707.39 + 29.73 (mg eq GA / 100g) Tuszduna
an 4, 5 uar 6 mudau Usinaldnariuealuusiazaiuaniianuuanseiuegaiidedfey
yn3adA (p <0.05) Usnailwalusassgatudlonalsianfiuinntu (nwil 13) dnluden
faneuwisUTunalnaiueawintu 922.87 + 6.11, 1010.03 + 42.95 uag 798.37 + 6.97
(mg eq GA / 100g) luszdunaan 4, 5 uag 6 Auawy USinalndnueadzainitaisana
MnFenan (WW) Usmaindfiuearavualuilangnsedu 5 Sanududusedudunay
wansnsuegelitedfaynieada (p <0.05) fatuuuna IndHueavnuadenanuinly

Waenuiedipsdioguaziiuinwiladeninydenan
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Total Polyphenol

1000
800

600

400

Axis Title

200
ripe 04 ripe 05 ripe 06

level of ripening

@l Fresh Pericarp Dried Pericarp

M 13 wunldunswisusdasUsinuasindiuvealiennuanvesinnuaeull

1.3 USanauansanueyyadeasesad (ORAC)

USnaiansiueyyadaszn (ORAC) luidenssnnanansziiu 4, 5 wag 6 farnls
dauniu 17,063.36 + 883.25, 20,958.61 + 725.08 Way 24,744.65 + 787.78 .78 pumoles
TE / 100 w8, AINa6U wazuanaeiueg19iiud1Agyn19aia (p <0.05) kudluuuosal
ORAC Lﬁwﬁmﬁ'aLﬂﬁaﬂﬁmﬂﬁmmqmﬁﬁu TuansannainudanuianuinuTuia ORAC
Yo UdeNYINNY 23,550.05 + 690.88, 26,634.41 + 1132.74 uag 33,802.96 + 1374.38
umoles TE / 100 8. Lagunna19Aueg19ltud1Agyn19ads (p <0.05) waznuinal ORAC

Wududednngniindu (a1l 13) naansluansliiiuinansiueuyadaseiamunduegi

'
a

Auanvesienn lumsadnaisiueyyadasenisnsaaunsaldisnnigniianta wasyly
ansadendanagndaifioadaladianda iesaindvesiinadiulngludiiandy wazen
ORAC dulvgjuesmAdellduegivUsinalniiiusauasuwsulnudsilduuegiuaweulnleeiiy

= a d' & o =~ v
Lu@\ﬁ"ﬂqﬂLL@iﬂWl‘?fEﬂuu’ﬂga@aﬂLN@LU@@ﬂNQ@ﬂN@?WNLLVH
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Total ORAC

40,000.00

30,000.00

20,000.00 /

10,000.00

pmole TE/100mL

ripe 04 ripe 05 ripe 06

level of ripening

@l Fresh Pericarp Dried Pericarp

M 14 wunliunswdsuluasuiunn ORAC Weaugnvesisnauieuly

a < o 1 1 v a

2. WHATBIANIIZNITHANKALAIENITAUTNYIRBAETAIUBYYABATEIIN (ORAC)

hilsnananansannandendignlUkunseUIUNTNEATIEN1IZAN 9 Men1TIH
ANSIUTTUULNULANLIUAEUAINSOU (plate heat exchanger) laglavinnisvaasadosnu
lngnaaesigamvail 100 serlgal@ea 5 U1 WUINUWRAUNIETIUNMUA (total plate
count) lusgausm anailissnanilineiidiunauveailofinaeguin Jwiliniseiely
auysel JU5UNAABINTLAU 105 110 wag 115 aaAngaifiga Fanudnnaniizn1sfne
& ! & a = v & £ < v o a
M ldnuiie (115199 12) Jaldaniizannisnaaeutesrududlifmuanisyf

NITUIUNITHAN UNITNAGDY

a a ¢ a = 9; LY =
M99 12 Naﬂ']'ﬁ'JLﬂi?%ﬁﬂaumiﬂuuqﬂ\?ﬂﬂLWE]?J;‘UJ‘HW

FUn AN1TNISNAR

aUNIY gauungil 105°C gaunqil 110°C gauugil 115°C

9 Y 9 Y

pH30 pH35 pH40 pH3.0 pH35 pH40 pH3.0 pH35 pHA4.0
TPC ND ND ND ND ND ND ND ND ND

Y+M ND ND ND ND ND ND ND ND ND

nunewe TPC=total plate count, Y+M=Yeast+Mold, ND=not detected
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NAvBIAN1IZNITHARLATDIENSAUS NIRRT UBYYadasE TN (ORAC) fuay
wanasenidu 2 drufenavesanngmswdniissdiuanuieu 2 seduldun 105 110 was
115 asenwaideauas pH 3 seduldud pH 3.0 3.5 waz 4.0 denisiUisundatanansdiy
oyyadasysn funavesegmaifuinuiluszesiaan 0 4 8 uay 12 ifeu fiiaseriasiy
BULADATZTIU (ORAC) il

2.1 WaveeA pH uavgunninan ORAC

157197 13 thihfinnduanluifnansatnanudendenaurieiiadaldands 3.2 7
Arwansedy 6 adlufesa 4 outluusud pH fensndnin Mndusinidmaoondy
9 dhu udrhlusiunszurumsliianuieu nszuaunsfinuilditnmsuanddsumiudon
WUUMaN (plate heat exchanger) A1 ORAC 3uduil 2,386.69 + 80.87 umole TE / 100
ml aganadnde 2,183.55 + 51.47 ©FRINHIUNTLUIUAITIIANUTOU AeT18azBEn

Aoluil

M990 13 ATIATIENAINLUTUTIU (ANOVA) vasgaumgiliay pH Nilkase ORAC lu

WAAZANITNITHER

Source Sum of Squares df Mean Square F Sig
Corrected Model 2434411.471(a) 8 304301.434 1.522 218
Temp 2338866.435 2 1169433.218 5.851 011*
pH 17015.462 2 8507.731 .043 958
Temp * pH 78529.574 4 19632.394 .098 .982
Error 3597813.770 18 199878.543
Total 139481494.876 27

Havesan1Izn1INanlaedadesugungiiuagan pH NdnsnaneUu1a ORAC
nwuIngaungiliianinasiedl ORAC sgelifedAgyni1eadia (p <0.05) dur1 pH wazdady
Ufduiussening pH uazaamiiliddnsnason1 ORAC (p >0.05) nansnaasstiuansly
Windn ORAC TiiduwUsnuen pH usagudsiumugnmgiflelasuanuseunaaumgiiaauen
ORAC 9zgayldeannIu Hadnsiasnndesiusigaiuras Asami et al. (2003) 1135n15uUs3U
= ! = a a
finansenuseansiluednuazioulvlyeniy

nshinnuseukieomisiinauandeiuluzuegivutinndninem Aeiundndusivany

yindslvgaumglianuseusnnedaiu nsgdemenuseuazanuednsiu procyanidin
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monomer, dimer, trimer, tetramer, pentamer, and hexamer aa a3 Lag Brownmiller et al.
(2008) T1891uIN1TENTossA L foudwmaliiAan1sgndsasuoulnlsendusiovun
($oway 28 fia 59) uardinadensgaudedn ORAC (FL) (Beuay 43 fla 71) lundnsusivisnue
Tnefinsanydeaniigaiiistuluiualifiunisndu wasdesfigaluthualdilkinums
T9iU3ai Patras et al. (2010) nuindaduoulnloerduazaasldielusswinanszuiunmsli
aufoudsenadssansnuogsnndenun WY sALar e dmaronMaNTAN LAY NSHY
31INN15AN¥IIUITEnatgunuIdIUlng neeuasUanwurd 1Ay U1 TENITURINIS
aanofvesansuoulnlesnduluseninsiunszuiulienudeu doasuiAsatunalauas
saumanivoinisaneivesarsueulnlsedulusevinanislianuouldiunisds
auufgrumumansifeluiligtuiinenuiduseulumslfauseulinarliiAanisande
aslnafluoaegelidedAyneans wavaisueulnleeniiu waglusloediuavaasly
wAnfusiuUszuiliiuligungiigs negydslunfeusuifindindiwes ity (PPs)
Elizabeth and Elizabeth (2006) lafinwinaveini1suussuseaindaiunsalunisiiueyya
daseiiavanstnlfuosda waznuiAuieuiinasgalideddgenis uusgudadiig
gaumgdl 110 ssmwaldoa Wunan 10 way 30 wiidlewfiuiudiau (229.18 umol TE / ¢)
Auaunsalunisinueyyadaszdwiuiianazanasiesas 91 (19.13 umol TE / o)
Junpatiw et al. (2017) lAnwin1slvauieudvaisiueyyadaseaindndtuwaznuidn
Uiinauwoulnlesfivanaailefafieleduagdaluiif 98-100 ssawaldea unnis
frogrsitliildlimnusou TnsUsunuasueulnlesrduluiumadsias wisnnsdugendn
n3ila Imﬁ%@sazmiqzyL%‘Ué’wmiéfmLLazmiﬁﬂammﬁ%aaz 14.69 uag 4.14 a1uaIAU
uzilesinsanasfifosay 72.65 way 71.98 mudfu waznzmdWddinsanasiiiesas
18.89 uay 4.47 puany

daudn pH hifinadenisanasvasdl ORAC Tuthilsgaitaguan Gsaanadasiy
NUITBIDNUIIBVO9 Howard et al. (2012) ﬁlﬁ%ma@ﬂﬂ"liﬂ%Uﬂiﬂiuﬁ’lUQL‘U’e]% 7 pH 2.1
2.5 uar 2.9 Ynlulianudeuluszfuniansslsd vaziivlingungd 4 uay 25
sarnwadea WJunan 0 2 4 6 8 1o MMUAIAU nan1INAaDINUI ganivhliusuaens
weulweniluanas luvae?l pH lsifinasensanasvesaueulnlesdu duemmgilunisiiy
$nwnil 4 psmwaldea azsnuiAweulnlveduldfingt 25 esmn uaznansiAvinuds
wiudeiliarneulnlesrfiuanas Wong and Siow (2015) lednwinisldaiudou was
USunsavestuiafensunsionisaeiivesasiunloendu dandufadinsunsdin pH

AUl9ETOUTEIN 5.5-6.0 LilouUTu pH Tsasi 4.0 Wunsaweanesinievay 0.25
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warn1Inaneslsdi 65 eswmwaldea Wunan 30 widuanneiiafianlunissnevsunn
welgeduludiuiidensifiowns Friedman and Jirgens (2000) la@nwiaa1uiaiiosves
arsusznaulnaiuednroninuiou pH Tugae 3-11 waznuinmaslsaiindauaiysson
pH @1 AuSounaznisiivinel Tnsanigluiweuila wulnaundu eiiunaasaniy,

[y

nsawl3an, sAuuaznIAnIUATULEn Aauasidludl pH a1 Bansmaaesilddase

o

nstdanuioulunisdaeydunsdluaims

2.2 WAvR9LIENISAUSNYIHBA1 ORAC

p1gnafvinyivesiifinaiioguainly 9 annenisadngninluifulid
QUM ilvinduarngaur ORAC 710, 4 8 uay 12 \WoundsunsTUILNWAR TnarAn ORAC few
nsTUIUNINARSUAUT 2,386.69 + 80.87 prmole TE / 100 ml Wieshunsiiusnwluszes 0
4 8 uaw 12 WWeu A1 ORAC anauidntiesiileangmaiiuinuuiniu A1 ORAC adeluusas
Wouanawlu 2,183.55 + 51.47, 2,077.74 + 12.87, 2,057.05 + 49.64 uag 1,945.58 +
10.98 v3panasainiosay 100 NOUNTLUIUNITHAN wazmaiiuneidl 0 4 8 uay 12 ifeu

Judoway 91.49 87.05 86.21 uay 81.52 MUAIAU (ﬂ?‘wﬁl 15)

ORAC value in 1 year shelf life

3000

g pH 3.0, T115
2500

——pH 3.5, T115
2000 4%

e pH 4.0, T115
1500

pH 3.0, T110
1000

=== PH 3.5, T110

ORAC value (umole/100 ml

500
—@—pH 4.0, T110

MO Ma M8 M12 pH 3.0, T105

Month of self life pH 3.5, T105

Al 15 nsanasuesal ORAC Tuenanisinudnw 1 ¥

(MO=tioufl 0, Ma=ifioudl 4 , M8=ifoufl 8 wag M12=lioudi 12
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NAN1SIFUUADAAADINUIIUIIEVBS Brownmiller et al (2008) A1 ORAC (FL)

= a [ 4 1 @ [ = & a [ 3 a
Insasundasantesluseninenisinusnel F9UsrINanduaydsnnuaiuisaly

U v
[

mMsdueyyadaszilesannsaaisvesansueulnlseniy dsudndudesdismaivinm
woulvlwendulunals Wy ugruesiNiunssNItnIanNLTauDEMANZaL Wang et al.
(2004) euiuassalumIfueyyaBaszvstiitanamAIINNfuinw 6 Weu
Tngldfinansgnvainguugilunsiniivuiesiavesnivusfinsramy u 9adugaves

i%EJSL’JﬁWﬂ’ﬁLﬁU%Jﬂ‘U’]

Ly

Thankkar (2012) la@nwinavein1sulssudegnsiueuyadassuasninesaAmunm
au 9 Yes10{u Muscadine HansAnwlinunsiasuLUates1elidedfgyvesasiuednsiy
way ORAC MAINTEUIUNITHES LA lUTENNSRUSN¥AMUaANTILLAZAT ORAC 22aRaInNY

a 1

181 Junpatiw et al (2017) Ainwiengnisiusnwvesansinueyyadassluindiiuasnus

a

nsiiudnddaslugaumgiising 4 wuirSunauweulnlgerduanadunisdniuiigumgll 10

9 Y

way 15 esrwadea fdninnisiiulivigamalivies

NANISWAILINATANITASIAINAT ORAC #2835

In house ORAC Standardization

nan1sIvonanady 2 du drunsnsenuseasBoaieatuainisdana leun
A1 ORAC, % Radical Scavenging uag ANAIUYY warasuiiaessenueud TS sening 2
Jaseiineuaussnan ORAC ssaun1sanaesdaduiiorvuias ORAC Tnglvimnudusiug
Wadwdunsnensalan ORAC luewnan ansainneny crude extract wieulaainnsinans
afnlUngns WAL ITMELD1eNLeABDNRIELASE S rotary evaporator aududu 91ntuthans

anmluauliwiisautnminasi (i 16)

N394 SEInY Taansiutu

AN 16 NINTBILATNITILRYLONIUDAINEITANA
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1. wavasidunaineusuasieanuituduvesansatnandandisgainsuAutueu
A3 14 msadnndensaiinsvaruituduliueudiuau 5 seduan
Wutu drluimsigsiainisdann 3 A1 lawn ORAC, DPPH wag Turbidity @15@ina1n
WaensTsaEusui 4.25 fadnfu azaneluleviueaiesay 95 $1uru 100 dadans Mden
arudutumegiiliiedosinarugudutuaninsotalfesnammnzan nansidenuing
ORAC ¥alé#l 29.47 umoles TE AiAnansadnainiudenssnn Sudufl 4.25 fadniu / 100
n3u Unannuiduduvesmsatnainniudendinauiutue ORAC axgatumilude (amd
17) uazgeda 130 ORAC pmoles TE dloansatnueulnududud 21.25 fadndu / 100 ndu

kazA1 ORAC 19 5 S¥aulAIULANANGAUNINEDR (P 0.05)

AN 17 @158¥a8 crude extract WUTY 5 SEAUNTINAIEILNG

M50 14 edunafineuaueiionNUiutuvesEsainanFenisannnsuaUueu

Crude Mangosteen ORAC DPPH %Radical Turbidity
Pericarp Extract (umoles TE) Absorbance 515 Scavenging (NTU)

(mg) NM

4.25 29.47 + 3.50° 4.76 + 0.10° 307 + 133  56.87 + 4.46°
8.50 66.70 + 3.64° 452 + 0.90° 755+ 1.83°  108.47 +9.04°
12.75 70.70 + 2.90° 4.27 + 0.16° 12.73 £ 2.96°  149.30 + 11.90°
17.00 105.71 + 3.70° 4.02 + 0.14° 1791 + 2.82°  193.15 + 16.14°
21.25 130.94 + 3.50° 3667 +0.15° 2507 +3.09° 250.40 + 14.27°
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1H93AT18%A1 DPPH lagn13gadufininuenindu 515 NM wudlileansannain
Wasnlsaalsuaun 4.25 Tadnsu / 100 n¥u n13gadulregisedu 4.76 uavanauiey 9
ileanuudurasansaiaiuuIntu waziloanudutuvesasanngean 21.25 fadnsu /

100 nfu MIRATUILANAINTEIU 3.67 Uazuansneiun1aada (P 0.05) e winieuasnis

o v a

Mdnanseuladase nuinianududuesasanaiondanai Jadnsu / 100 nfu Aseeayns

'
a

Mdmeuyadaszwintu 3.07 dAiuduses 9 WeUTunuamnududuresansanaiuiy (nm

'
=

[y

18) ANuuduvesansanafseauieay 21.25 AN13AInoUYadaTEgINITg 25.07 wagdl

AMNLANANNDENTTEEAYNINEDH (P <0.05)
d‘ o a & 1 ! A ¥ v (% A L4 a
WetunAsgRAAUYUnUINNANNNTuYesasataldondenai 4.25
#9803y / 100 n3u TA1AUYUNNAUY 56.87 NTU Lilaainudutuvedaisanaiufenianm

T 8.50, 12.75, 17.00 Wag 21.25 A1 NTU %Lﬁlwﬁumué’w 108.47, 149.30 193.15

WA 250.40 ANUAIRU ANNITAINALAAIAINISIN 15

Trend of observation value

#30.94

aias
5 c6 667
2047

— Y ) E— L]
0 4ps BT 2IE 4.57 5561

1 2 3 4 5

e Crude Xanthones (mg) ORAC (umoles TE) DPPH Absorbance 515 NM

%Radical Scavenging e TUrbidity (NTU)

Ail 18 winliluvesmidunafiiiudundeianuiduduveansainaniuiendeng

[ v

2. NAN1SATISHAUNSTWFUYRIAMUFUNUSdtade

'
N o w (N

WolANANITILATITNVDIAFLNATIAIAY 3 AMTNAULAT WUIINS 3 ANSAUTNANIS
U = o

TuduUseansn15WasunlandIuInNnilauny J9@18150UIUININITONDDYBLY1NNU LAY

anduiusle wms1znisannsstazanduiusidumedan1sanfnlddnsunis Anwmsizn
ANUAUNUTTENINFILUTLTIUTUI 2 0 TITaNwueANUAUNUSAULTWEY TagAwlni

FUNI AWUIDATLVIULNUAE X WATDNAUSITENIT AUTAUDIULNUAIE Y Al 5Dase
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wfufuusiisianinadefuusna ety Millesgianu duiussening ORAC fu
USinuansadnainiddensinn mellesginisannesidafen iunssuiunsmsadfdly
d519aun13AdnAENSTLAULANIANY FutusTeninamuUsdassuasiuUIny amsuns
Annwianduiusifunssuiummsadanltinssdunrudiufdaduesiul sdassuay
s 33n3d1e q Alddmiunnaaeusiuvuanuduiuvesiinusie wwunmnig
5918 (scatter plot) 9lAIu1IATIERAIANY FuiusBudunsITAdLnguiazaIsd
fendla annsaldmdunguilamensaisdangdnamisldvioli lnsnnhedunausiay
@jmmﬁmﬂizﬁw‘é (coefficients) FanuinArauduius (R Square) YaeanAdunnil

'
1 )

ANUEITUSABUYNEIMNG (13197 15 uag 16)

Y

M990 15 AduUseAnsanduiusvasrinugu kag ORAC

Unstandardized Standardized Coefficients

Coefficients

Model B Std. Error Beta t Sig.
(Constant) .565 5.141 110 914
Turbidity 563 .033 978 16.944 .000
a. Dependent Variable: R=0.987 R Square Adjusted R Std. Error of the

ORAC =0.957 Square=.953 Estimate=7.80577

aun1sdduaun1slugULuL Y = a + bX

Taoil X Wusuusdasy uay Y iusudsmy muduvesdude b uay a Aagndn
(A1d y lo x = 0)

Y e dwessuuseu (V) Gwvhviihinensalaruduiudidad

[y 1

a A9 9an A1 WinnuAYee Y wiaAn X = 0

o,

a

A9 WA AduUsEaNSeY X; ArAtmutuvadunnney e Y wWasuwlaaly

X  #p Aeewusdasy (X) Tvinuneaweg Y
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A519N 16 aumiaﬁé’mﬁuﬁ‘@aLé’uﬁuaqmé’qmmwiazfj

Number 2 Observer correlation Equation R Square
1 Crude extract* ORAC Y= 8.119+5.693X 0.960
2 Crude extract *% Radical scavenging Y=-3.043+1.279X 0.900
3 Crude extract *% Turbidity Y=10.113+11.10X 0.968
4 Turbidity*ORAC Y= 0.565+0.563X 0.957
5 Turbidity*% Radical scavenging Y=-3.463+0.131X 0.852
6 Turbidity* Crude extract Y=-1.138+0.098X 0.970

2.1 anuduRusaduvasrdunausase
NAUNITIUAITNA 16 WAAILTNTIVAIAINVDILFAZARILUST Nau1snLA1Aanly

g
aunsImeInsaimAideansmauusazgld aunisfananaansamamduudidady
vousazafuUs wagnsluldusslonilumeneinsalldded

1. ANAUNUSLTUEUY crude extract fuAT ORAC

ANFUTUSITudUTes crude extract ffud1 ORAC Lllofa150uIN5 4 scatter
plot (Al 20) u&amudn Wukansandufusves crude extract fuAn ORAC Suualdy
Fuiusiadunsadaau Tnevesnuinen crude extract (wnu X) fiA13950U 9 waw Y 7iduen

ORAC 13U Al 19 uanduiusdaiunsaassaunisneinsallausiuglusedugs (R

Square =0.960)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: Crude extract

Expected Cum Prob

Observed: ORAC

AN 19 N3 scatter plot 85U18N15NTLAFAIVBIAT X (crude extract)

VULEULNY y (ORAC)
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INAUNTT Y= 8.119+5.693X NINeINTAUANUFUNUSVDI crude extract AUAN

ORAC ilatniigauaunisnudndiauuaiugn fail

Y = 8.119+5.693X

Y = AlousA

8.119 = eAsil (a)

5693 = fAsdi (b)

X = AfivsuutLeuTeLUsHuTURer crude extract

wnuAnlugns auyRdnd X = 4.25
Forfurn Y asinfu 8.1194+5.693(4.25) = 32,314 +3.50 Fawudnen Y (ORAC) il
Inddestuanesafiveaauldlunsed 14
2. ANUFURUSITUEUVDS crude extract AUAT %radical scavenging
AUFUNUSITUdUves crude extract U %radical scavenging iofiasan
N3 scatter plot (N W7 20) w&INU31 EuLansanduTuSUBIA crude extract fUAY
%radical scavenging SuWAlUUFUNUSITUFUATITALAU IABALNUINAT crude extract (WU X)

a0 a a @ 1 i . a a 1% v v A
UATNTBU ¢ WA Y MUuA1 %radical scavenging L¥IuUIN AWM 20 LEUFNAUNUTUAIUTA

assaun1snensallausiugnluseduas (R Square =0.900)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: Crude extract

Expected Cum Prob

oo 02 04 06 08 10

Observed: ORAC

AN 20 A5 scatter plot 85UBNITNTLAFAIVEIAT X (crude extract)

vuLdULAY v (%radical scavenging)
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o s

9INAUNIT Y=-3.043+1.279X Fldne1nsainnuduiusves crude extract fudn
(%radical scavenging LﬁaﬁwmﬁqaﬁammiwudwﬁmmLLaJuE]’W el
Y= -3.043+1.279X
Y = %radical scavenging

13043 = AAsi @)

1279 = fasil (b)
X = efinsueuiueuvesiiuUsdutufien crude extract
wnuAnlugns auyRdndl X = 4.25
FITUAT Y 9zLifU 3.043+1.279(4.25) = 2.393+1.33 Gamudnfa Y (Geradical
scavenging) fiflndiAeatuaassiinageuldlumsnadi 14
3. ANUEUNUSITUE RS crude extract AUAT turbidity
AUFUTUSI3uduvas crude extract FUAN turbidity Wefiasaunnsl scatter
plot (AT 21) W&ImuTn Eusansanduiusuese crude extract fuan turbidity Suualiy
Fuiusidadunsenau Tngasnuine crude extract (wnu X) fidn3sseu o wau Y Fduen
turbidity Beuan awil 21 duandiiuslanmnsoatsaunsmensallfususlusedugs (R

Square =0.968)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: Crude extract

Expected Cum Prob

00 0.2 04 08 03 10

Observed: turbidity

AN 21 N3 scatter plot 85UNENTINTEAAIVOIAT X (crude extract)

UL y (turbidity)
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AINANNIT Y=10.113+11.10X Aldwe1nsaiaudunusvae crude extract AUAN

turbidity etsnfigataunisnuindanuusiug fadl

Y =10.113+11.10X

Y = turbidity

10.113 = fAsdi (a)

11.10 = Al (b)

X = AfivsuutLeuTeLUsHuTURer crude extract

wnuAnlugns auyRdndl X = 4.25
Foruen Y 929U 10.113411.10(4.25) = 57.288+4.46 Fawuinen Y (turbidity) &
Arlnddestuanesafiveaauldlumsed 14
4. ANUFURUSITUEUYBY turbidity AuA1 ORAC
ANFUTUSFLduves turbidity fuAl ORAC ilefiansainnsanl scatter plot
(AN 22) wEINUIT EULERIANFUR USRI turbidity fuA ORAC Huudlduduwus
Fadunsadaiau Tngsnuine turbidity W X) SA13aseu 9 wnu Y fidudn ORAC 134

UIN duandiiusianunsaasisaunisneinsallaudugilusedugs (R Square =0.957)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: Turbidity

Expected Cum Prob

oo 02 04 05 08 10

Observed: ORAC

A 22 3l scatter plot 83UnenIsnsEatefivesan X (turbidity)

vuLduwAY y (ORAC)
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9INAUNTT Y= 0.565+0.563X Tildnensainnuduiusdues turbidity fum1 ORAC

iinihungadaunsnuIaULug Aall

Y =0.565+0.563X

Y = ORAC

0.565 = eAsil (a)

0.563 = @mafl (b)

X - AfinsruAuiueuresuUsEutuAaan Turbidity

wnuAnluans auyAdnm X = 56.87

(%
[ RY) 1

FaTuAT Y 92491RU 0.565+0.563X(56.87) = 32.583+3.50 FanU31A1 Y (ORAC)
fimlndidestumassiinaaeulglussed 14
5. ANUFURUSITUEUYeY Turbidity AU %Radical scavenging
AuduRusi3aduves turbidity fudn %radical scavenging ilafia1sansn
scatter plot (MW7 23) W&INU1 EuLansanduRusvoan turbidity fuA1 %radical
scavenging fuunltiuduiusidadunsetaau Tnevsnuinan turbidity (wnu X) fidTiaseu 9

WA Y MUuA1 %radical scavenging L3aUan A9 23 W@uanduiusanunsaaseaunns

wensallausiugnluseugs (R Square =0.852)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: turbidity

Expected Cum Prob

00 02 04 06 08 10

Observed: %radical scavenging

AN 23 A3 scatter plot 85U18N1INTLABFIVOIAT X (turbidity)

UULEULAY Y (%radical scavenging)
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NANNTT Y=-3.463+0.131X Aildmensaiauduiusass turbidity fuen 9eradical

scavenging tlatdinfigataunsnudndiauuaiugn fadl

Y =-3.463+0.131X

Y = Yradical scavenging

3463 = AT (a)

0.131 = @mafi (b)

X - AfinsuAuueuresulsEuTiufar %radical scavenging

wnuAnluans auyAdnm X = 56.87

1%
Y] {

FauA Y 28U -3.463+0.0.131(56.87) = 3.987+1.33 Fanui1A1 Y (%radical

scavenging) fialnalAgsiuarassvageulalun1sed 14

6. ANUENNUSITUE YRS turbidity AUAN crude extract

AuduiuSiBaduaes turbidity fuan crude extract Wisfansanns w scatter
plot (0l 24) udmuTn WWuLAREMdNTuSTaaA turbidity fUA crude extract fuuali
Fuudidaudunsedaau Tneazsnudnad turbidity (wnu X) fA13e50U 9 wnu Y 7iduen
crude extract @euan nndl 23 Wuanduiusianunsaadisaunisnensallausudaly

59Uga (R Square =0.970)

Normal P-P Plot of Regression Standardized

Residual Dependent Variable: Turbidity

Expected Cum Prob

00 0.2 04 06 08 1.0

Observed: crude extract

AN 24 N3 scatter plot B5UNENTINTZAILAIVBIAT X (turbidity)

YULEULNU Y (crude extract)
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L3 (% (% s

91N@NN1T Y=-1.138+0.098X Fildnansaiarnuduiusves turbidity fuaa crude

extract Wiahinigadaunsnundanuuiug fadl

Y =-1.138+0.098X

Y = crude extract

1.138 = MAsil (a)

0.098 = @mafl (b)

X - AfinsruAuiusuesinUsdutuAean turbidity

wnuAnluans auyAdnm X = 56.87
AatiuAY Y 28 -1.138+0.098(56.87) = 4.435 FanU1A1 Y (crude extract)
AlndiAesiuaassivageuls
nsldaunisanneeienensalALUsUHINAY SANTIVAMILEY VTaAIwUS
a . . N £ a 6 o . .
W83 (simple linear regression) kagBa1wAILUTINBNEINITUAILUSWHS (multiple linear
. & 1 v v o 4 ¢ o = ) .
regression) Wunudlesinsldiuenansvane o aans nilusfinuaztagdu Violato and
Hecker (2007) na11i1nisadisaunisanaseiiienisnensehdungumaiianisadfld
dmsumsiasigideyanatefinlsiveindiuusulanaganuduiussendinediud sl
Anun U sWRLIMG B kazN133T8AUNTANYY kagn1IN1swnng n1sUsEendieNaunIs
annaguImeINsalA1fys tnhanldlunuddeanuiueds waglainansideunyssyndls
TunismanziuAaig 9 ldegrauiug aumusalidndusosianipass enaasnsdunud
= 1 = = > se ° Ao o w 4
gailaugeniazinudss nMsldaunisnensaldgninanlaludinusedriu wanisummg

saa ¢ =

wazdug unensainleulduiniianfedsniswnng galatiinisneinsalafiudsingu

|
& v A w =

AdamilavTovarefauldnensalmdifuusiddnydndandsls ieandunulunis
FAs1ziase Uaoade wazuszndanan Tuvasiildnauduguviady walt and Wyndham
(1973) naitAusaiunsanensaiaudlunisiunionisia fednsnisldusuna
gondlauveturazay wazldiiumeinsaldnsiniseaniidiniefimuizauvesusazau
Yamanaka et al (1984) la51891uaUN151150ANENYAMEMTUNITVINUIEANIZAUIENAS
H1RA Boaz and Smetanamd (1996) laaiunaunsyinuienisusinaneanesalusims A
ﬂ’]iﬁ)@ﬂLLUUHE)Uﬂ’ljJﬁﬂIﬂ‘UUWﬂ755@ﬂ’J’lllaISU’eNE]’Wi’]i‘ﬁlﬁ?i/iuﬂﬁﬂix‘tﬂﬂiéjﬂ’mﬁL‘ﬂuiiﬂlmmﬂ
303 Carrillo (2013) l#Anunfaudsiifinadenisidendenmisifieguaimiiiodny

ANNENTUSYBILAaELUTABNSNanen1sAnaulade Rattanajitti et al (2019) laAnwinIs

THaunsBaduLiayinuIefstiuIan1gaInNsauLen
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wanNMsaun1slugnsunndudidalinsussyndldaunadaduludanens
9115 INeenand awInden wazdu q wu Rittiron et al (2021) THFEnwaunisuuLae
gumgiiues Kawano et al (1995) tleiSsuiisumaiia NIR Tuszuumsiauuuassioundud
129 MENARY 1200-2400 nm #&38 MLR Kawano et al.(1995) ld@nwinsléinada NIR
IAgN15a19aUNIThU YA U TA1835 Multiple Linear Regression (MLR) Tun1s
nvdauAIUSNdG (Brix) Tunaiiy aeulul 2018 Campos et al. (2018) wag Chapanya et al
(2019) lnfinwnavesnsadsaunIsuuuvAEaun iUy Rattanachal and Bangwaek
(2016) leAnwin1sudmALla near infrared spectroscopy (NIRS) unlalunisuseidiuysune
15 GABA Tulwdndmassaziiden Wisuisumsiaszivunums GABA mela3es
high performance liquid chromatography (HPLC) 1A173As129LE uvaunisanaes
\WWeannsidualemalla partial least square regression (PLS) Whiting (1995) na1211n7%
wensaigaTInetewIisaunsaaunEiidundeslonfiaualunsinaununi i
duns1eTUsUATY critical control point (HACCP) LLazmiﬁ@?{u%Lﬁaﬂmmﬁu%gaﬂ’izmm
miLLiﬂsuaamsLU?sJuLL‘anﬁmmh%Lﬁmsﬁuiuﬂsmmi@%u‘m%‘s? Pérez-Magarifio and
Gonzalez-Sanjosé (2003) lsUszgndnisiinTzinisannosuuunygLares19elazy
msUsziuioaisaunssadinmansundsliamnsaussiiunsiines CIELAB Lobell,
and Burke (2010) l¢@nuifion1saianisainansenuienaiiniuainnisasuutasanin
piienAdenandnvasglagn1asIvaNnITNeInsalIINYnauAUIsRAN NN ARE LS
Sefunsnensaia ORAC luwdnfashindsaaiioguninandaulsduiinsuauiueuded

Anudulle waslvnanduggunel iy

n1snagauUsEANSAINYaINIsIaal ORAC Tuthilsnatiagunw

#1895 In house method standardization

Walaas In house method standardization 3MN@UNTNEINTAILAD bAUNANNITLU

NYINTAIAT ORAC A@39UUN NUULRUUSUNMETSaNA (crude extract) MNs1UUSUULUUDU

aslulundisnn Tdnseurunsudnluaniizaswwesnisudninisnaiiioaunin 1nfieg1931n

q

o w 1 N

nswanwUseendu 2 @ dwi 1 iluinranugu waztidadwi 2 Thnsizian ORAC
Imhegusnsiaseiuagineusy andulavuinis unninends wina dinailaainng 2

drusneaevaunIsiitaunseudunasal
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Tand deenisnaniidenanilal ORAC Wiy 250 uag 1200 pmole/TE M1uady

feaduansanacrude extract TuuSunavinle

1. 35Aa
nndeyalude 3 MFesnsmenisaiusinuamsataiielilian ORAC muiivune
ansnsodeuduaunisléded
Y (Usunauansadn) = a+bX (ORAC wWwng)
1. Y= a+b(250)
2. Y= a+b(1200)

2. N15ATUIN
1. WAduUseansandunusuasnn ORAC wazai1sana (crude extract) 31NN

AIUMIAT a wa b laAduUseansandunusiunsas19aun1SeansIen 17

M990 17 AduUseAnsanduiusvasanugu kag ORAC

Unstandardized Standardized Coefficients

Coefficients

Model B Std. Error Beta t Sig.

(Constant) -.865 .835 -1.037 319

ORAC .169 .009 .980 17.768 .000
a. Dependent Variable: R=0.980 R Square Adjusted R Std. Error of the
Crude extract =0.860 Square=.957 Estimate=1.28397

2. @5eEunsaNmIe 16 el
1. Y=-0.865+0.165(250)
Y=41.385
MUUANNINNNDINTS ORAC 250 pmole/TE ADaANENSann crude extract
41.385 fiadnsu
2. Y=-0.865+0.165(1200)
Y= 203.665
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PUBAIUINNIRDINIT ORAC 1200 pmole/TE Apaiinansana crude

extract 203.665 daansy

3. NISNARKATIATIZIING

=

dakusuaeansann crude extract TuuSinamndwadaluiiegraingdge uanily

[ '
) = %

9@elsrAU 105 sarwadua Wwnan 5 widl wdniludnsginian ORAC iieu3nis
AATIERLAEHNaUTY an1ulawuInig unInedeuiing wavdunialiaTeiA1AINY
- a s = a Y} ) vy % -
anvinermanswazmalulagnisemns unine1desiagstnnssal lnafmisnei 18

s

A151991 18 Wan15PUduA1 ORAC 91NAIANUI LaEN1TIATIY

Number Sample Crude extract Total ORAC from ORAC- Turbidity  Turbidity
Prediction ORAC crude prediction from lab  prediction
(mg) from lab extract test
test
1 Mangoste 0 1,683.70 0 0 148.34 0
SR +55.11 +7.51
control)
2 Mangoste 41.385 1,945.94 262.24 250.00 612.60 469.19
4 +53.98 +11.68
3 Mangoste 203.665 2,838.30 1,154.60 1,200.00 2,417.20  2,270.80
en juice+ +87.44 +15.09

9157971 18 2ENUTIE1FaanNI15A1 ORAC 71 250 wa 1200 pmole/TE dotsiinn

q

[y

100 1a3ans Aeadua1sana crude extract 1 41.385 way 203.665 TAdNSU AUAIAU

NaaIlUIATIEMITINNUIBUSNITIATIERALHNDUSY @01UuUlnvuINIg YnIne1aeuing

a1

NANUIT A1 ORAC qaﬂ’jﬁmﬁwmmaﬂ%mnLﬁaqmﬂiuﬁssmwa%aﬁwﬁmwm ORAC

9

agApuY19gIRBNTEAY 1,683.70 + 55.11 umole/TE siayilana 100 dadans Wieoindn

ORAC 2105551 RveiageAruANlUinauaennuitAl ORAC Widelinfiu 262.24 uag

a a

1,154.60 umole/TE siatslenn 100 Hadans auadu WatTouiguiuan ORAC A1AnTa

1%
o w

iU 250 wag 1200 umole/TE Aaudsnn 100 faddns nuinarfilaarnnisnensailag

q

Iaunsialnafesiunniuinmseiasainiesdjuiinig wazadseglugag standard

deviation vilvinsldaunsnennsaliianudiieiiogs nasniulanaasddaunisneinsal
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'
1 )

lun1smAtaugueadnlinn wudl WliansssuvRiaugualnasiliazareunegi

q

s¥AU 148.30+7.51 NTU ilotharanuquiine nsalldfisedu 469.19 uag 2,270.80 NTU
Auaau WwWSeuiileuduAiniuguann1sinasalan 612.60+11.68 wag 2,417.20
+15.09 AUAIAINNYUTITUYIRBBNNADAIANMUYUWINAY 464.26 Lag 2,268.86 NTU
pud FadnitialdfianadndidsaiuariildannsneinsaluazAdeeglutag standard
deviation yhlimsldaumsnennsaiiiruindedogs

nsBudunasmenisiiaunisivldusslenilunisnivasuna wieldunudinigd
98106119 9 @131509LA 19U Zeb and Ullah (2016) laUssyndldaunisidadunsalu
MsMIuABUNANIT AT IERaNsYU Ao nsalsTeu1sdn3n (TBARS) dududviidmiunis
Wesoendinduvesluduluoimisauaiunan lnewWseuiioudviazats 2 anududy
Toun 1) pure glacial acetic acid way 2) 50% glacial acetic acid waglaasrsgunis
Wisuisunalunsaifidenldarsazareflasanis uenaind Kirasak et al (2015) ladns
AUN1T0ANBYVBINANIIATIVABUAMNNVB DDA IeLasgUIndBuNsInanlnalnd
Fourier-transform near-infrared (FT-NIR; Antaris II Analyzer, Thermo Scientific, USA.)
Wisuifieuiuranisimszinaaiineniniiall waznuinaunsilddnawdugfiaunse
inlUldlusgavanamnssy

HAN1SITEUINNTTUNTLUINNISNMIHERUNTIRALTIFUNNATIH Lalandaudednis

1Y

PNFUILNANFBINSHARS T NRNAMN N Faanansaimuarugnvedenalunisilyadie

413 ORAC lafisgRunugnifngafossesil 6 NseUIUNISHAAAITITAIUTaUNAT gaT

¥
S A

X vy ao v A = ~
Z‘mlﬂiﬂ?flLGUEJ"L@@WEJWMWIUQ']U?QEJUE’WN’WOLa@ﬂim@mﬂ%uIUﬂqiﬂqusﬁ@W 105 ayALssayd

v a a

a1 5 Uil insizgauugliiinadenisanasyesan ORAC Falimisldgmungiiasnniiuly duu

9 Y Y

'
=Y

A1 pH lufinasionisanasvedal ORAC Fsanunsatnandszendldiiiolian pH udaiivue

szaugaunnliselinfigalundning angn1siusnuvewdnduninananIsanasuosn’

9 Y

ORAC Fsanunsnuszendltifudnfimunfununeigvesnansusildiilo ORAC anasunnii
Afianans dhuannisneInsalan ORAC wudn A1 ORAC SinvmidifusiBadunsafudini
YU 1 DPPH uazAniiduduvesansadavenvannidensianelussiuanandesigs i
nswantninndsandunounisind ORAC ivesufoRnisnisuen Aldnatuiuuas

fAnlga1ege iseAnldnensala1 ORAC aunsadalaegnsireldiailindalue S

Y a [

asanuiulalviuindnuaziuslaninaglasuansiueyyadasslunindusiseauiininniy

Y Y 9

(% d'

WAUNNaeNAIINER FauinnssunszuIunIsNIsHanUITIRaieguAIMIINUITe T

q
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ansaadeyaarlinuninduaiinfinaieguamldegiaumima wazdanunsauszendly

funsideau 9 nnsidaunisneagamansuduiigie
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dyuna

=Y

1NATANTUNUITEF0WTNNTTUNTTUIUNIINITHARUITIAALNBAVN I d1115U
nandeeen lngdveulnnuidenenisdrsianumaniweifuilaa uariinuaands

Aundndugiu iUl TR nEERd g sAnwagveslinaden sTiuTuaens

'
a =

Aruenyadase nzuiunIsnanfiinadeansaiueyyadassioafign 01an15AuTnYIT

anansaf g siuinuiealdesnamngan nieufuissldfnunmisinnesias
fusyyadase wazduinnsinasainandenteniielsilausunmansiuoyyadass
Tuihfanaitogunmlusiuunudivie Tnsnsldaunismeinsaimanuduiusvesi
apeiauls Mntuthwantsvaaesildlugudunadensiisuiisunanisneinsalifusa
AATeRtureluanIg

31NN1381599ANUAIANTIVREUSIn AT e N1 TRAIARATN AN MLETI M 51N

1 vV

fama Mngdndmutetlne dends Juilaalunalsane uazidsoandiuan 59 s ey

Y

e 32 au AnvluSosas 54 waslunda 27 au Anuderay 46 orgdnounuuaeUAINE Y

¥

Tngjoryeglugag 30-40 YSeway 30 sevasmnenaiiu 50 U Sawax 25 nsdnwdiulngdnsa
n13AnwIsEAUUIYInITouas 56 wazaugenitUsyyinifesar 23 s1ulavesdnau
wuvasuaIudulnguInni 6.0 wauumvseliesas 37 wazituld 3.0-6.0 wauuvsal
$ovar 37 ondnvegnounuvdsuaudiulngiduidivesgsiaesiosas 62 uavvinnu
diudidosas 20 laglduuiAndrulssaunianisnaln 7Ps AaelLuUaaUnIN NAN1TE1579

AUANANIINRIEUSLAANS 7 A1u WU 1) Aundadne guslaalininumanisiiununmn

]
I v oA LY

wazauAnUTElevgaigawiniunseau 4.24 azuuu 2) A1us1aT JUslnaa1aniednga

WAL UUAKYENEANTEAU 4.12 Azl 3) AuanIuil manisindmuieniuy

A d'

A a [y 1% ] a <@ ! aala 1%
YAAANUILYBOBENNEFANTEAU 4.21 Agkuu 4) muauaaumsmmmmmmﬁm’nmﬂgﬂmm

Y

] (% !

! dl Y o Yo 1 Y = a Yy vy
ﬂ@u%ﬂﬁmi‘jﬂw ¢AU 4.24 AZLLUY 5) muqﬁmﬂs F’]’]@ﬂ'}ﬂ'}qaﬂ"muqEJEﬁ']EJaSLQEJ@ﬁU?WIWWQQ

'
a

NgaTiseiu 4.22 AZWUY 6) AIUNTTUIUNTT AARITInazdaouAudeg195IAsIgegnT

q

SEAU .24 AZWUL WAE 7) AUANINLIAADUNIINIEAIN AAWIIINEUAIAITINNUNETUSIUN

deaz a' a Y]

aveadeiolagenganseau 4.22 avuuu Teyadendngaulaaiuisaiiluussendldly

NsUINGASueESHIMTUITAA kaENITIANITANUNITAAIALUBUIAG
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SefnwiegvesinnreUTinuasiusyyadasenudy miél’ma%aﬁaizﬁwm
(ORAC) waulnlgsniiu (anthocyanin) wazlnaduea (poly phenol) Lﬁmﬁmﬁlamaﬁq@@am
fanugnifindu minnsmasemui augnuestinasERy 6 fA1aNIueULABaTEAINT
ANLENTEAU 4 uag 5 luFenslnaurtaiatinansdnueyyadaszeenin wuinasiueyyadasy

7199139 (ORAC) LnTuLaashaulnlweniu wazarslwaiuea anad wWawSouisuiuildsn

o =

faanan Wethaisadnandendenaluldluindinauaifnwidnsnavesgungiilunis

a Aaa

snFonazarmulunsandeasinueyyadasysin wudl anen1snannidnsnase

AransinueyyadaTen Ingddldaangilunisawengudransiueuyadassdanas
A < | = Y & o o o 2 Yy a v &

TuvauriAnnutunsaaaliiing nasndudnhfmalunulinegamgiivies iluszesom

'
a A

0 4 8 uay 12 W WadaAE1IAUBRLABATEIIN NUTN ANANSTHINLOYYADATYANaToY 9

3 1A =2 v A = [ 14 =
PINDIYNITLNUINYT LATNUTIUNTANAINITRYAY 18.48 LN@N@WQﬂﬁiLﬂUiﬂ‘U’]\Lﬂ 14

=

Tudruvesnisadrsaunisiiiensnsalaransdueyyadasy 1nansiijmiuuuoy
ogatien 1 A1 iieldidudoyalunisneinsalaiidesnismsiu annisiseldvinisideans
ansafainsuAuiuoundniluTad1 ORAC A1AuYu wage1 DPPH TuresdfAnas
theadinsgiindugfiofnumeuduiusifaduresisaestadossrinansatnuasadanady
q ielfannsaldauduiusiadaumadadudiovunsmmsinuouyadaselundnfus
Famamsidenuaumsneinsainlfainnisfinuanunsaiunmenave sindudsdaiunas
fulsaa ilethaunisluvhunsuagldlunszuiunisndnate wudraunisalaunsaneinsal
visovinelfedaiusyavsnin wagiiruindeieluszaug

miAdedesninssunssuiunmsnmanihifeaieguamdmiunaindieand u
M3uIneINIsHae 9 fans uysannsuduluaniveinis un aansduniseain
fuinermansuians duinenmanduszgng duinuasaiand Fuingreaniniseinis
wazduadinmans auldtunuoeninduuinnssunsruaunisnmandmindnauioguniwlif
flansiueyyadasrgeiiganntunounisnda 1nelan1zn15AIUANALAINLNNTEILATT
fusyyadaszionsiietaunsmandaman e nsaimaudsidosnssuaneii
NIUALLLEY HuRon1TNeInNTalAT ORAC 91N AT DPPH uazAUIinaansai

o

peUNLUADNTIAR YiNla1u150a351995 Inhouse method standardization unlglaasalu

q

a a L4 14

NITUIUNITHANAUAINNAEN N1583193TAIVANUINTFIUATY Inhouse method

9
[
a

standardization fﬁ'jaL‘flumaLﬁaﬂﬁﬁﬁﬂmwﬁqﬁﬁmamLLazQ’U%‘Lm%zlé’fﬁuiﬂuﬂ%mmmﬁ

Y

Aueyyadasy awnsaandlditgannisdeitedisliiiasiginiguen Usendaiianain
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1. n19i13deaselldaiuginlunisfinwiainuaianisvesusinadadiulng
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cal v Y]
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§ @ q

6 L

UYBY UAZFUANYDINYEE AITINUNUNTYINITeag 1saUARY

2. mifesmsnaiiugidsiesiinnegiansiueyyadaszlurosufianisilasu
ns¥usEINesAnTTessEVaefiegne uanes vilAnAlddegann dafumnilasanla
rfnwUsziundieiumsfinuiisnslieseimenueauinmuwiuginounside

3. mMsfnwogmsiuinwiiunuddededldiaiuie arsnununisaniunuide

ag9saUABY WialaITeiasanysallunariitivun
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Benjamas, D.. Varith, J. Arivadet. C and Thechatakerng. P. (2017). Effect of Process Conditions
and Shelf life on OFRAC (Oxygen Radical Absorbance Capacity) Value of Supplement Mangosteen
Juice. International Journal of Agricultural Technology 13(7.1): 1403-1412.

The fiuit of Garcinia mangostana Linn. (mangosteen) is a popular fruit in Thailand. The fruit
rind contains antioxidants of which a major constituent are anthocyvanin, polyphenol and
xanthones. These are influent to ORAC (oxygen radical absorbance capacity) value content.
The ORAC walue has recently been proposed as a quality index of total antioxidant in
supplement juice. This study was undertaken to evaluate the content of total anthocyanin
(mg/100g). total polyphenol {(mg eq GA/100g) and ORAC (pmoles TE/100ml) in fresh and
dried mangosteen rind in 4, 5 and 6 ripe levels extracted. Study the stability of ORAC on
supplement mangosteen juice in different process conditions by varies pH value at 3.0, 3.5 and
4.0 and temperature at 105, 110 and 115°C degree. Study shelf life at 0, 4, 8 and 12 months.
The process of this study was used plate heat exchanger method. Fresh rind extracted in 4, 5
and 6 ripe levels the total anthocyanin were 4.06=0.17, 4.04=0.24 and 5.09+0.18, total
polyphenol were 632.73+21.14, 686.59+2906 and 707.39+29.73 and ORAC were
17.063 36+883.25, 20958.61+725.08 and 24.744.62+784.78 respectively. All of value was
increased when the rind was more ripe level. Dried rind extracted the total anthocyvanin were
1.10+0.01. 0.99+0.03 and 0.17+0.01. total polyphenol were 922 87+6.11, 1.010.03+42.95 and
T98.37+6.97 and ORAC wvalue were 23.550.05690.88. 26.634.41=1132.74 and 33.802.98
+1.374.38 respectively. The total anthocyanin and total polvphenol were decreased when the
rind was more ripe level but ORAC was increased. The temperature was influented to ORAC
wvalue but pH and interaction of pH and temperature were not. The ORAC value was decreased
in 12 months shelf life. the wvalue start at 2,183.56 +51.47 at 0 month and decreased to
207747412 87. 2,057.05+49 .64 and 1.945 58+10.98 at 4. 8 and 12 months or decreased from
100% to 95.15% 94.23 and 89.10% respectively.

Kevwords: supplement magosteen juice, ORAC shelf life. anfioxidant in process conditions,
OFRAC in process condition. total anthocyanin, total polyphenol. ORAC content.

’ Coressponding Author: Duanrmung Benjamas; E-mail address: mju5813701001 @mju.ac.th
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Introduction

Garcinia mangostana Linn. (mangosteen) 15 a popular fimt m Thailand. Tt
1s commonly cultrvated m Thailand, Malaysia, and Indonesia. Most of mangosteen
is consumed fresh or exported to foreign market. It contams high nutritional
values. In essence, it 15 a rich source of vitanuns, minerals and fibers such as
vitamm C, E, folate, calemum potassmm and magnesmum (Limpisathian, 2008)
Mangosteen pericarp has been used mn traditional Thai medicme for treatmg skin
mfections, wounds, and diarthea for many years (Mahabusarakam er al., 1987).
The frutt rind contains anfioxidants of which a major constituent are anthocyanin,
polyphenol and xanthones. The major anthocyanin in mangosteen was
cyamdin-3-sophoroside (Du and Francis, 1977). Several researchers recognized
phenolics and anthocyamin for thewr antioxidant properties (Robards er al.,
1999; Karalaya er al, 2001; Rosst er al., 2003; Davalos er al, 2005;
Balasundram  2006). These are mfluent to ORAC (oxygen radical absorbance
capacity) value content. The ORAC value has recently been proposed as a
quality mdex of total antioxidant m supplement juice. In Thailand, the rind
extracted 15 used m products such as herbal cosmetics and pharmaceutical
Recently, mangosteen rind extracted is used in mangosteen juices or dietary
supplements mangosteen quices. It has begun to be widespread around the
world supplement.

Mangosteen contains a substance called xanthone, which 15 a flavonoid
and polyphenon compound. It was found that xanthone extracted from the
mangosteen rmnd, called alpha-mangostm, beta-mangostin and garcinone B can
mhubit Mycobacterium tuberculosis (Suksamramm ef al, 2002). Alpha-
mangostin 15 a major component which possesses anti-inflammatory and
antibacterial actmvities against methicillin-resistant Staphvlococcus aureus, S.
epidermidis and Propionibac-terium acnes which is the critical eticologic agent
m acne (Di-ngam, 2009; Sikhamchum 2009). Accordng to the report of
Sakaganu (2005), xanthone has antioxidant, anti-cancer and anti-bacterial
properties, respectively. A recent study by Sukma er al. (2011) also clammed
that alpha-mangostm 1s anti-mflammatory, reduce mflammation m NG 108-15
cells.

Because of mangosteen has high beneficary for human, supplements
factories are focusing on dietary supplements mangosteen juices. But
processing method has an mmpact on phenolics anthocyanms and total
antioxidant value. Heatmng has varied effect on several products depending on
heating temperature and process conditions. But no report on effect of process
conditions on total antioxidant as ORAC wvalue. ORAC 1s not mcliding
antioxidant only anthocyanin and polyphenol but included strong antioxidant as
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xanthones. In this study will be reported the antioxidant value from different
mangosteen ripe level effect of process conditions and shelf life on ORAC
value.

Material and methods

This study 1s used organic mangosteen fruits from Chanthaburi province
m different ripe levels (4, 5 and 6). Specifications of mangosteens were selected
by mangosteen harvest and post-harvest guide book from officer of Agricultural
research and Development regions, Chanthaburi, Thailand. The rind of fruit
was separated from white pulp, grinding and divided into 2 parts (1) fresh
grinded rind and (2) made the dried rind at 60°C, 12 hours m prior of extraction.

Each part of fresh and dried mangosteen rinds were immersed m 95 %
ethanol at 1,000g.: 3,000ml ratio for 7 days, extracted 2 times. The extracted
solutions were combmed together and evaporated to 1,000ml by rotary
evaporator. The antioxidants from the rind were dissolved in liquid extraction
such as anthocyanin, polyphenol and xanthones.

Anthoecyanin analysis

The total anthocyamin content was determuned by wvsing of capillary
electrophoresis (CE) analysis under acid condifion has significantly mcreased
peak resolution and mmproved the detection hmits by several orders of
magnitude. CE offers the advantage of economues of very small sample size,
very small solvent consumption, and short analysis times along with the future
possibility of being combmed with MS defection. This study was analyzed at
Food and Nutrition Laboratory, Institute of Nutrition, Mahidol University.

Polyphenol analysis

The total phenolic m mangosteen exfracted content was deternuned
according to the Fo-Lin-Ciocalteu spectrophotometric method. The extracted
solution was determuned at 760 nano meter (mm) absorbance. The measurement
was compared to standard curve of prepared gallic acid (GA) solution, and the
total phenolic content was expressed as nulligrams of gallic acid equivalents
(QAE) per gram of day weight (mg eg GAE/g). This analysis was conducted at
Food and Nutrition Laboratory, Institute of Nutrition, Mahidol University.
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ORAC analysis

ORAC value was used by Cao et al method which measures antioxidants
scavenging activity agamst peroxyl radical induced by fluorescem (FL) (3'.6'-
dihydroxy spiro[isobenzofuran-1[3H].9'[9H]-xanthen]-3-one) as the fluorescent
probe. The FL oxidized products induced by peroxyl radical have been
wdentified by LC/MS, and the reaction mechanism was determmed to proceed
as a classic hydrogen atom fransfer (HAT) mechanism Unlike other popular
antioxidant actvity methods, the mmproved ORACE assay provides a direct
measure of hydrophilic chain-breaking antioxidant capacity agamst peroyl
radical (Ou er al. 2001). This study was analyzed at Food and Nutrition Laboratory,
Institute of Nutrition, Mahidol University.

Process conditions and shelf life study

pH conditions

Mangosteen juice was prepared from wlute pulp, the seed was separated,
used only juice and pulp mmxed together by colloid nuller. The juice 15 96%
mixed with 4% mangosteen rind extracted solution. Divided the jmce to 10
parts, each part was 100kg. First part used as control prepared by heating at
72°C degree 5 munutes with added sodmm sorbate 0.04 % (400 ppm), and
divided mto 6 groups of package to test the shelf hfe of those antioxidants. The
other 9 parts were adjusted pH by citric acid to 3 levels, 3.0, 3.5 and 4.0
respectively, each pH adjusted in 3 parts of mangosteen juice.

Temperature conditions

After adjusted pH of mangosteen juice by citric acid to 3 levels, each pH
Juice was heat m different femperature at 105, 110 and 115°C degree by plate
heat exchanger mstrument. Samples from each temperature were divided mto 6
groups to test ORAC shelf life.

Shelf life study

After prepared the juices by different pH and heated m different level
the juices were keeping for ORAC shelf life study at 0, 4, 8 and 12 months.

Experimental design and statistics methods
Study of anthocyanm, polyphenol and ORAC content m different mangosteen

ripe level was experiment designed by CRD (complete randomized design)
method one way ANOVA was used for determmation of differences between
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mangosteen ripe level and process with SPSS V.14.0. The Duncan multiple
range test was used to compare means value. A probability level of p = 0.05
was considered as significant. Study of process conditions on ORAC value was
used m experiment of factorial m CRD method mixed conditions were 9
treatments from mam factors pH and temperature, pH were used 3.0, 3.5 and
4.0 and temperature were used 105, 110 and 115°C degree. Effect of conditions
on ORAC value was determmed by 1 way ANOVA from mam factors, and
mteraction factor. Any interaction contrast will be written as a linear.

Results and Discussion

Total anthocyanm polyphenol and ORAC valie m different freshness and ripe
level, dried mangosteen rinds were extracted from outer and mner part of shell.
The total polyphenol, anthocyamn and ORAC content in each ripe level are
showed 1n table 1

Table 1 The total polyphenol total anthocyamn and total ORAC content m
different mangosteen ripe level

Mangosteen rind Total Total polyphenol (mg Total ORAC (pmole
extracted anthocvanin eq GA)/100g TE/100ml)
mg/100g
Fresh rind extracted
Ripe in level 4 4.06+0.17° 632.73+21.14° 17.063.36+883.25°
Ripe in level 5 4.04+0.24° 683.58429.63° 20.958.614725.08°
Ripe in level 6 5.09+0.18° 70739429 73" 24 744 654787 78°
Dried rind extracted
Ripe in level 4 1.10+0.10° 922.8746.11° 23,550.054+690 88"
Ripe in level 5 0.99+0.03° 101.03+4295° 26.634.41+1132.74°
Ripe in level 6 0.17+0.10° 798.3746.07° 33.802.96+1 374 38°

Total anthocyanin

Anthocyamn in different freshness of rinds 4, 5 and 6 ripe levels extracted
were 406 + 017, 404 + 024 and 509 + 0.18 mg/100g. respectrvely and
significant difference (p<c0.05) (Table 1). The trend of anthocyanin was
mereasmg when the rind was riper. Dried extracted, total anthocyanm were
1.10 £0.1, 099 £003 and 0.1740.1 mg/100g respectively and significant
difference (p<0.05). It was decreased when the rind was riper. Heat m dried
rind process destroyed anthocyanin confent. Anthocyanin from mangosteen
fruit 15 use fresh rind for extraction better than using dried rmd.
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Total polyphenol

Polyphenol m table 1 are showed that fresh rind extracted the polyphenol
content were 632.73421.14, 683.58429.63, and 707.39429.73 (mg eq GA/100g)
m 4, 5 and 6 frut ripe level respectively. The content in each ripe has
significant difference (p<<0.05). Polyphenol was higher when the fruit was
riper. In dried rind, polyphenol were 922.87 + 6.11, 1010.03 + 42.95 and
798.37 +6.97 (mg eq GA/100g) m 4, 5 and 6 fruit ripe level The content was
higher than fresh rnds extract (W/W). Total polyphenol m mangosteen ripe
level 5 was strong with other level and significant difference (p<0.05). The
polyphenol from mangosteen fruit was found m dried rind, this research has
confirmed that whether needed to extract the antioxidants from mangosteen
fruits, the dried rind 15 good chance for user because the polyphenol antioxidants
are still consist and easier to storage.

Total ORAC content

ORAC content m fresh rmd 4. 5 and 6 ripe levels extracted were 17,063.36
+883.25, 2095861472508 and 24 744 65478778 umoles TE/100 ml respectively
and significant difference (p<0.05). The trend of ORAC was mereasmg when
the rind becomes riper. In dried rind extracts, the rind ORAC content were
23.550.05+ 690.88, 26,634.41+ 1132.74 and 33.802.96+ 1374.38 pmoles TE/100
ml and significant difference (p</0.05). It was mcreasmg when the frmt was
riper. This result has shown that the total antioxidants are dependmng on the
ripeness of fivits. In commercial antioxadant extraction 1s possible to use the
most ripest of fruits and it 15 easier for user to select the fruits for extraction
because the color of fruits 1s most purple-dark color. In dried rind extracted the
most ORAC value of this research 1s depending on polyphenol and xanthones
content it 15 not dependmng on anthocyanin because anthocyanm will be
decreasmg when the frut was riper.

Effect of process conditions and shelf life

pH and temperature conditions on ORAC value

Table 2 the mangosteen juice was added 4% of rind extracted before pH
adjusting and heating process. Process of this study was used plate heat exchanger
method. The ORAC vale was start at 23866948087 umok TE100ml and reduced to
2,183.55+51.47, after treated by process conditions.
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Table 2 ANOVA of mamn factors, temperature and pH affected on ORAC
content after process.

Source Sum of Squares df Mean Square F Sig
Corrected Model 2434411 471(a) 8 304301 434 1522 218
Temp 2338866435 2 1169433218 5.851 011*
pH 17015462 2 8507.731 043 058
Temp * pH 78320574 4 19632.304 003 082
Frror 3597813.770 18 199878.543

Total 130481494 876 27

Effect of process conditions, mam factor temperature was mfluented to
ORAC content (p<0.05) after process. pH and mteraction factors pH and
temperature were not mfluentened to ORAC content value. In tlis result showed
that the ORAC was strong m pH but varies with temperature. When treated
high temperature ORAC value will be loosing more. Heating has a varied effect
on several products depending on heating temperature. Sterihization reduced total
phenolic, procyandim monomer, dimer, trimer, tetramer, pentamer, and hexamer of
canned peach and Brownmuller er al (2008) report that thermal processing
resulted m marked losses m total anthocyanms (28% to 59%) and ORACk
values (43% to 71%) m all products, with the greatest losses occurring m
clarified juices and the least i non-clarified juices. Patrasa ef @/ (2010) found

that anthocyanin pigments readily degrade during thermal processmg which can
have a dramatic mpact on colour quality and may also affect nutritional
properties. This review attempts to summarize some mmportant aspects of
anthocyamn degradation during thermal processmg. Conclusions regardmg the
mechamsms and kmetics of anthocyamn degradation during heat treatment are
postulated based on current findings. Luke (2012) report that the steps m
processing where significant losses of polyphenols occur, anthocyanins and
procyanidins are also degraded in processed products stored at ambient
temperature with losses accompamed by mcreased polymeric pigments (PPs).
Elizabeth (2006) was studied the effects of processmg on hydrophilic
anfioxadant capacity of black beans and found that there was a significant effect
of thermal processing black beans at 110° C for 10 and 30 mm. Compared to
uncooked beans (22918 pmol TE/g), there was a decreased of 91% m
antioxidant capacity for cooked beans (19.13 pmol TE/g). Junpatrw er al (2017)
study heat teatment on purple vegetable antioxidant and found that the
anthocyamn contents were decreased m steanming with water vapor and boiling
m water at 98-100°C treatments more than uncooked samples. The anthocyanm
contents decreasing percentage m boiling method were higher than steammg.
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The decreasmg percentage m bollmg and streaming at 14.69 and 4.14 % were
found m purple sweet potatoes, 72.65 and 71.98 % in purple eggplants and
18.89 and 4.47 % m purple cabbages, respectively.

ORAC value mn 1 year shelf life

3000
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E .
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S .

o 2000 —%u_ —f=pH 4.0, T115

- s pH 3.0, T110
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Figue 1 ORAC value m 1 year shelf life mn each process conditions. (M0-M12
are the month were storing)

Effect of Shelf life on ORAC value

Shelf life of supplement mangosteen juice n each 9 conditions was stored
at room temperature and test ORAC value at 0, 4 8 and 12 months after
process. The ORAC value was started at 2,386.69+80.87 umole TE/100ml
before process; every condition was slightly reduced after process and more
shelf life storage. The average of ORAC value in each month was decreased to
2,183.55+51.47, 2077.74+12 87, 2,057.05+49.64 and 194558+10.98 or
decreased from 100% before process to 91.49% 87.05% 86.21% and 81.52%
after process at 0, 4, 8 and 12 months shelf life respectvely. This result is
consistent with Brownmuller er al. (2008) The ORACy values showed little
change during storage, mdicating that the formation of polymers compensated
for the loss of antioxidant capacity due to anthocyann degradation. Methods
are needed to retamn anthocyamms m thermally processed blueberries. Wang et
al (2004) report that the antioxidant capacity of honeys was reduced after 6
months of storage with no impact of storage temperature or contamer type
detected at the end pomt of the storage period. Thankkar (2012) was studied
effect of processing on the antioxidant activity and other qualty parameter of
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muscadine grape quce, the results showed no significant change i total
phenolics and ORAC affer process but during storage, total phenolics and
ORAC value decreased with time. Junpatrw ef al (2017) study shelf Lfe of
antioxidant on purple vegetable and found that the stormg of purple vegetables
m various temperatures found that the decreasing of anthocyanm contents i 10
and 15 °C treatments were lower than stored at room temperature.

Summary

The total antioxidants; anthocyanin, polyphenol and ORAC value are merease
when fresh mangosteen fruits are riper. In dried mangosteen rind extracted the
total antioxidants were increasing varies with ligher ripe only anthocyanm
decreased when the rind become riper.

The effect of process conditions found that temperature was influented to
ORAC value; it was reduced when used high temperature. But it was stronger in
pH and mteraction of pH and temperature.

Shelf hfe of supplement mangosteen juce will affected to ORAC value
changmg. The ORAC will be decreased when shelf life storage is longer.
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Abstract

To study consumer expectations for marketing and supplements mangosteen juice product. The
respondents were mangosteen juice suppliers 59 cases. Used the concept of the marketing mix for the
TPs to survey respondents to find the best condition in each market mixed for market and product
development in future. The results of the survey of consumer expectations in all VPs market mixed found
that 1) Products, consumers gave the same high expectations of quality and properties at the level of
424 2) In terms of price, consumers expected that they should not differ from other brands, the highest

at level 4.12. 3) Location, the product should be sold through the trustworthy person at the level of 4.21.
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(an=ndan f|x) Food Engineering Program, Faculty of Engineering and Agro-Industry, Masjo University.
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{N1E a"«:ﬂqH] Program in Agricultural Interdisciplinary. Faculty of Engineering and Agro-Industry, Masgjo University.
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(ﬂ"H’a"aﬂqH] Business Administration Program, Faculty of Business Administration, Masjo University_
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4) Marketing promotion, considered that there should have the review from other customer at level 4.24.
5) Personnel expects dealers to have the best product description recommendations at level 4.22. 6)
Process aspect expects to deliver product as quickly as possible at level 424, and 7) Physical

environment, expect to sale in clean shop and reliable at level 4.22,

Keyword: Expectations of customer, Supplement, Mangosteen juice for health
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The Ind Mational and International Conference

Bansomdejchaopraya Rajabhat University

PREDICTION MODEL OF ORAC VALUE IN
MANGOSTEEN PERICARP EXTRACT

Abstract: The objectve of thiz research is to dilate the exact xanthones concentration to measure
three observations to study the linear relationship of two factors between xanthones value and other
ohbservations valie. To be able to use this relationship to cTeate a line equation. This equation is used
to predict the antioxidant vale in xanthones-based products in the fumre. Which the ressarch results
showed xanthones at levels 4.25 850, 12.72, 17.00 and 21.2% mg /100 grams. The OFAC was
analyzed as 29047 = 0.50, 66.70 = 1.64, 70.70 = 290, 105.71 = 3.70, and 13094 = 3 50 ymoles TE
respectively, thers were stafistically significant differences (P <0.03). The measurement of %%
Padical Scavenging was 307 = 1.33, 7.55 = 1.83, 12.73 = 296, 1791 = 282 and 2507 = 3.00
respectively, there were a statistically significant difference (P <00.05). Measured mrbidity values
were 56.87 = 444, 10847 = 9.04, 14930 = 1190, 193.15 = 16.14 and 25040 = 1427 NTU
respectively. There were stafistically sipnificant differences (P <10.05). And can be used to do linear
equations with high precision which can be observed from the B square value of 0.872-0.970.

Eeywords: Model prediction in OFAC valne; Turbidity of xanthone; Mangosteen exmract; Use of
turbidity in xanthone.

Introduction

Garcinia mangostana Linn. (mangosteen) 15 a popular frmit in Thailand. It 15 commenly cultvated in Thailand,
Indonesia and Malaysia. Most of mangosteen 1s consumed as fresh fruits or exported fresh fruits to foreign
market. It contains high nutnitional values. In essence, 1t is a rich sowrce of vitamms, minerals and fibers such as
vitamin C, E, folate, caleium, potassmm and magnesium (Limpisathian, 2008) Mangosteen rind or pencarp has
been used in traditional Thai medicine for treating skin infections, wounds, and diamhea for many vears
(Mahzbusarakam et al., 1987). Among the fiuit peels, mangosteen peel 15 an impeortant source of natural
anfioxidants. The mangosteen peel contains various bicactive substances, i.e., phenclic acids, flavonoids,
anthocyanin, polyphenol and xanthones. The major anthocyanin in mangosteen was cyanidin-3-sophoroside (D
and Franeis, 1977). Several researchers recogmized phenolics and anthocyamn for their antoxidant properties
(Fobards et al, 1999; Karalaya et al., 2001; Rossi et al., 2003; Davalos et al., 2005; Balasundram, 2006).

Mangosteen contams a substance called xanthone, which 15 a flavoneid and polyvphenon compound. It was found
that xanthone extracted from the mangosteen nnd, called alpha-mangostn, beta-mangostin and garcinone B can
inhibat Mycobacterium tuberculosis (Suksamrarn et al., 2002). Alpha-mangostin 15 2 major component which
possess anti-inflammatory and anfibactenial activiies agamnst methicillin-resistant Staphylococcus aursns, 5
epidermidiz, and Propionibacterium acmes which 15 the critical etiologic agent mn acne (Di-ngam, 2009
Sikbhamchum, 2009). Accordng to the report of Sakagamu (20035), xanthone has antioxidant, anti-cancer and
anfi-bactenial properties, respectively. A recent study by Sukma et al {2011} also clammed that alpha-mangostin
15 anti-inflammatory, reduce inflammation in NG 108-15 cells. However, poor aqueous solubility of xanthones
limits 1ts bioavailability and hence the full exploitation of 1ts bislogical properties (Aisha, 2012 and L1 Yoke Heo,
2017). Hanthone insoluble when it drops into the water, the sediment 15 elearly visible.

Becanse of mangosteen has high beneficiary for human, supplements factonies are focusing on dietary
supplements mangosteen juces. But processmg method has an impact on phenclies anthocyanms and total
antioxidant value. Heating has vaned effect on several products depending on heating temperature and process
condittons. But no report on effect of process conditions on total antoxidant as OFRAC value. OFAC is not
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ORAC measurement

ORAC (Oxygen Radical Abscrbance Capacity) value was used by Cao et al method which measures
antioxidants scavenging activity against peroxyl radical induced by fluorescein (FL) (3',6™- dihydroxy
spire[iscbenzofuran-1[3H], 9'[9H]-xanthen]-3-one) as the fluorescent probe. The FL oxidized products
mduced by peroxyl radical have been identified by LC/MS, and the reaction mechanism was
determined to proceed as a classic hydrogen atom transfer (HAT) mechanism Unlike other popular
antioxidant activity methods, the improved OFACEL assay provides a direct measure of hydrophilic
chain-breaking antioxidant capacity against peroxyl radical (Ou et al, 2001). Thus study was analyzed
at Food and MNuotrition Laboratory, Institute of Nutrition, Mahidol University. ORAC values were
calculated as described by Cao and Prior (1999) using a regression equation between the Trolox
concenfration and the net area under the fluorescence decay curve. The area under the curve was
calculated as where f0 i3 the initial fluorescence reading at 0 min and fi the flnorescence reading at
tune 1 The net AUC was obtamned by subtracting the AUC of the blank from that of the sample. All
antiradical activity measurements were performed in triplicate, and results were expressed in pMTE/
kg dry mass (DM) (Judith et al. 2016).

1 (f2v f3 i
AUC = u.s—{;—ﬂ + (%.]Jrﬁrr'_o% '--+[£)

DPPH Measurement

A part of xanthone solution was measured by DPPH assay. The method of analysis was performed
according to the method of Brand Williams et al. (1995) with some medifications. DFFH stock
solution was prepared dissolving 24 mg DPPH in 100 mL absolute methanel (100%), and stored at 8
°C until needed. The working solution was obtained by 10 folds dilution of the stock solution
Aliguots of 10 pL of the xanthone solition extracts were mixed with 999 ml of the working solution
The absorption was measwred at 315 om using a UV-Vis spectrophotometer model UV 1800
Shimadzo by immediately after 15 min of incubation at 25 °C. Beport the value of absorbance by
equation as below. The value of DPPH method will be report as ECy % Radical Scavenging as
equation below

%Radical Scavenging =[ (AB - AA) / AB] x100

Turbidity measurement

Twrbidity of xanthone solution was applied measurement by Turbidity meter Lovibrand model TB
210 IF. The sample were prepared for 5 levels of xanthone concentrate start with 4.25 milligram/100
gram because of the turbidity meter can be detected sediment in water sclution at 5-1500 NTLL
Turtndity measurements are reported in nephelometric turbidity units (INTU).

Statistical analysis

Results are presented as mean values with their standard errors. Statistical analysis was carried out
using single-factor cne-way ANOVA. DMRT post hoc test was performed to determine the
significant difference between the groups. Results were considered sigmificantly different when
p=0.05 was obtained. The correlation of data was testing the coefficient from SPSS program.

Prediction model

Linear regression attempts to model the relationship between two variables by fitting a linear equation
to observed data. One variable is considered to be an explanatory variable, and the other is considered
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to be a dependent variable. For example. a modeler might want to relate the weights of individuals to
their heights nsing a linear regression model.

Before attempting to fit a linear model to observed data, a modeler should first determine whether or
not there is a relationship between the variables of interest. This does not necessarily imply that one
variable canses the other (for example, higher SAT scores do not cause higher college grades). but
that there 1s some significant association between the two variables. A scatterplot can be a helpful tool
in determining the strength of the relationship between two variables. If there appears to be no
association between the proposed explanatory and dependent vanables (1e., the scatterplot does not
indicate any increasing or decreasing trends), then fittng a linear regression model to the data
probably will not provide a useful model. A valuable numerical measure of asseciation between two
variables is the comrelation coefficient, which is a value between -1 and 1 indicating the strength of the
association of the observed data for the two variables.

A linear regression line has an equation of the form Y = a + bX_ where X is the explanatory variable
and Y 1s the dependent variable. The slope of the line is b, and a 1s the intercept (the value of y when x
=0).

Eesult

The result of this research was shown in 2 parts. First, reported the detail on the observation value as
ORAC, DPFH %Radical Scavenging and Turbidity and second, reported the correlation between 2
factors which responds to the ORAC value in linear regression to predict the OBFAC value by

prediction model.

I'he observed value responds fo exact xanthone concentrate

The exact xanthone extract concentrated was analyzed three observation values: OFRAC, DPPH and
Turbadity. The initial xanthone extract was started at 4.25 mg /100 g. This concentrates the turbidity
meter can measure appropriately. The results showed that the ORAC value was measured at 29.47
pmoles TE at an initial xanthone value of 4.25 mg / 100z, According to the amount. the concentration
of xanthone extract increased. And it was up to 130 OBAC pmoles TE when the xanthone extract was
concentrated at 21.25 mg / 100z, And the OFAC values of the 5 levels were statistically different
(P 0.05). When the DPFH was analyzed by absorbance at 315 NM it was found that when xanthone
extract was started at 4.25 mg / 100g, the absorbance was at the level of 4.76 and decreased steadily.
As the amount of xanthones increases and when the maxinmm extract concentration of 21.25 mg /
100g, the absorbance decreased at the level of 3.67 and were statistically different (P 0.05). When
calculating the % Radical scavenging, it was found that at the concentration of xanthone extract at
425 mg / 100g, the value of% radical scavenging was 3.07. And the value increased steadily as the
amount of xanthone concentration increased. Xanthone extract concentrations at level 21.25 % radical
scavenging values were higher at 25.07 and there was a statistically significant difference (P <0.05).
And analyzed the turbidity, it was found that at the concentration of xanthone extract, 4.25 mg / 100g,
the turbidity valuee was 56.87 NTU. When the xanthone extract concentration was increased to 8.50,
12.75. 17.00 and 21235, the NTU value increased followed by 108.47, 14930 193.15 and 250.40
respectively. The observation value was shown as the table 1.
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Table I The observation valus as ORAC, DPFH % Radical Scavenging and Turbidity.

Crude Xanthone ORAC DFFH %Radical Turbadity
{mg) {(pmeles TE) Absorbance 515 NM Scavenging (NTLD)
425 20470500 4760102 307133 56.87 =4 46°
8.50 66.70 + 1.64° 4.52+0.90% 7.55+183"% 108.47 = 0.04*
12.75 7070+ 2.090¢ 427=0.16° 12.73 £ 2.96° 14930+ 11.90°
17.00 105.71 £ 3.70F 402014 1701 £282 193.15 + 16.14¢
21.25 130.94 =3 504 3.667x0.15° 25.07+3.09° 25040 = 1427

Prediction model

From the results of the estimation of ORAC, DPFH and Twhbidity value, when compare with
xanthone, it was found that all values tended to increase significantly with the increase in xanthones
value. Where all values have a variable linear relationship. Therefore, varions values can be analyzed
for correlation to create an equation to predict OFAC from other values with linear repression as
shown in Figure 1.

Trend of Observation Value
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DFPH A bsorban ce 414 BIR Snhadical Scavenging
e Tt chiby (T

Figuge 1 The trend of observable value relate to xanthone value

A linear regression line has an equation of the form Y = a + bX, where X is the explanatory variable
and Y 13 the dependent variable. The slope of the line is b, and a is the intercept (the value of v when x
=0).

The regression equation is written as ¥ =a + bX
Y is the value of the Dependent variable (Y), what is being predicted or explained
a or Alpha, a constant; equals the value of Y when the value of X=0
b or Beta, the coefficient of X the slope of the regression line; how nmch Y changes
for each one-unit change in X
X 13 the value of the Independent variable (), what is predicting or explaining the
value of Y
The Equation of each medel was calculated from coefficient of 2 factors were related in linear
regression as table 2 the coefficient of xanthone and ORAC value.
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Table 2 Coefficients of 2 factors correlation nurbidity and ORAC

Unstandardized Coefficients Standardized Coefficients
Model B Std. Error Beta t Sig.
(Constant) 565 5141 110 014
Turbidity 363 033 978 16.944 000
a. Dependent Vanable: BE=0.987 E. Square Adjusted B 5td. Ermror of the
ORAC =0.957 Square=953  Estimate=7.80377

Table 3 Linear equation of 2 factors correlation

Number 2 factors correlation Eouation B Soquare
1 Xanthone* ORAC ¥=8.119+5.6033 0.960
2 Xanthone*%s Radical Scavenging ¥=-3.043+1.2793 0.900
3 Xanthone*%s Turbidity ¥=10.113+11.10X 0.968
4 Turbidity*ORAC Y= 0.565+0.5633 0.957
3 Turbidity*%e Radical Scavenging ¥=3463+0.131% 0.852
6 Turbidity*Xanthone Y=_1.138+09803 0.970

Linear equation of xanthones and ORAC

From Table 3, it was found that the two factors with a linear relationship can be written as a
linear equation. And have relatively lugh confidence with high B square value of 090 and above
makes it reliable that tlus linear equation can predict each other precisely. And can be applied to
measure the healthy mangosteen juice to determine the antioxidant value in the future.

Summary

From the research results, the exact xanthones were diluted to measure all 3 observations to study the
linear relationship of the two factors between xanthones and other observations to be able to nse this
correlation to construct a linear equation to predict the antioxidant value in xanthones-based products.

Which the research results showed xanthones at levels 4.25, 8.50, 12.72, 17.00 and 21.25 mg per 100
g were analyzed for ORAC wvalues of 2047, 66.70, 70.70, 105. 71, and 130.94 pmoles TE
respectively. Measured % radical scavenging were 3.07, 7.55, 12.73, 17.91 and 25.07 respectively.

Measured turbidity valoes were 56.87, 108.47, 149.30, 193.15 and 250.40 NTU respectively. And can
be used to do linear equations with h.tgh precision which can be observed from the B square value of
0.872-0.970.
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