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Abstract °

The usage of jackfruit seed from jackfruit industry by extraction and
purification of phenolic compounds and prebiotics is the motivation of this work. The
objective of this work is to determine the optimal condition for purifying prebiotics
extracted from jackfruit seed by crystallization and the optimal condition for purifying
phenolics (Gallic acid) by solid phase extraction. In crystallization part, firstly, 0.4 L
crystallization tank was used to investigate the optimal condition by considering non
reducing sugar and molecular weight analyzed by Gel Permeation Chromatography
and Electrospray ionization-mass spectrometry methods. The studies parameter were
speed of mixing (0, 50, 100 and 150 rpm), crystallize temperature (55, 58, 61 and 64
°C) and cooling rate (0.5, 1, 1.5 and 2 "C/min) with 60 minutes for crystallize time.
The results shows that the optimal conditions is at 100 rpm with the crystallize
temperature of 58 °C and cooling rate of 1 °C/min. After the optimal condition was
found, this condition was used to design and construct 5 L- crystallization tank.. The
results of this scale up shows that it provides yield of 0.051 Serystal/ Sdry extract WhHICH 1S
twice h|gher than yleld from the operation in 0.4 L crystallization tank.

..In addmon for phenohc (Gallic acid) purification from jackfruit extract and
Jackfrunt extract which was already crystalhzed the concentrations of the extract
feeding to 18 Sep-Pak Cartndge were varied from 3 to 5 %wt. /v. After the optimal
concentration was obtained, the ratio between the height (L) of the C18 and column
diameter (D) and the flow rate weré studied. L/D were varied at 2.2:1, 15.3:1 and
”4'0.'55‘1"énd flow rates were varied from 2-5 mL/min. This part found that the
optimum concentration of 4%wt/v with L/D of 15.3 and flow rate of 3 mL/min gives
Gallic acid yield of 90.22%. Additional, it is unecOno'm‘ic' to reused C18. And the last,
the order-of separation was shown, if both phenolic and prebiotics were need, the
purification of Gallic acid should be done first. -
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yhaluduneud 1 umdsudnainsanaswesgamaiidu 0.5, 1, 1.5 wag 2 °C/min

Tngldmnunsisevitldlude 1 gumpiilunsanwdniildandumeui 2

ileldanefmnzandosiuud Yransafauazansanandenisanuaniile
A3I9AOUNIBLASEY Gel Permeation Chromatography (GPC) uag Electrospray ionization-
mass spectrometry (ESIMS) uitetutunalianafiflundn ndsinduihannsdananluld
Iumsaamwuu,aza%wm?aqmﬂmﬁﬂmmmmmag 58R5 wazMANMERMINTaNBnASAe
dwdumssdunmsanuanluedesmnudnuuin 5 a0



2.3.2 msanwaneimanzaulunisuenaisiusandlasldmaiia SPE

nsnnassd 1 waududuvesarsaiaimunzaslunisuen

Ingldmodutinarainuuinidniiuisy €18 usgaduansuszneuiiuednd (C18
Sep-Pak Cartridges: Verti-Pak " Cartridee 300 fiadn$u, Vertical Chromatography
Associates Co., Ltd, Jatujak, Bangkok, Thailand) AININUIENDU 2.2

mwusznau 2.2 gunsaluenansuszneuilueiinduiln C18 Sep-Pak Cartridges

ansafinsnografuasatnanudavyuiiunissemeudiwazinldiuisuuiden
wisanduvhnisdnwinisanalasuansduneulunisaiiumsaassniniwilssnau 2.3

daii

Precondition cartndges

with 5 ml of methanol, Add 5 mi Wash cartridges. . -Elute phenolics
followed by 5 ml dry crude with 3 mi of with 5 mi of 0.1%
of 0 01N HCI extracts 0 01N HCI HCI in methanol
Drned by place
cartridge for
1 hour
_
- @)
"u

} |

Waste residue . Waste residue Sugars, organic acids Phenolic
and other potential compounds

interfering materials

AmUsENaU 2.3 nsznunstindniotu (hana naduv3d wazdudevudu 9) eenan
ansafinlagld C18 Sep-Pak Cartridges wielilfansuszneuilusdnduians
(Kim et al., 2002)
sumprlunismanudududesuvesarsadannudauyu noud  C18  Sep-Pak
Cartridges figvail

(1) MASuNavoInds mewyiusa 5 Jadans wag 0.01 N vesdnsazatunsalalas
AABRSNLULN 5 Uadans



(2) HuAIANAINUAATYY TnawSouiinndudu 3 Wesdumiminaeusunslu
thinnu 5 fadans uasie Sep-Pak #slifigumaiveadunar 1 4lus el shgedy
nelu Sep-Pak Wire?

(3) 6w 0.01 N wesansazanensalalasaasinluth 3 faddns edvdaievu ER
Igurthana nsndunss uazansuszneudu 9 senainaisanin

(@) gzansusenauiiuedndesnsig 0.1 Wesidus vosansansararensalolasaasinlu
WNUea 5 Haddng

(5) maUsunuansuszneuiuednd

(6) ¥hmsvaaeste 1-5 wiiudsumudututusudu ¢ uay 5 Wesiudmimings
USH1ns muaiau

(7) Fpsnevina

NINAaH 2 mmnutfﬁm‘fﬁuﬁaqﬁumamiaﬁ’mmmuéﬂwuﬁwmmsmﬂwﬁﬂLtﬁadaumu
C18 Sep-Pak Cartridges

(1) MIwSsuasadssnuunuea 5 iadans wag 0.01 N vasarsazatsnsalalng
pao3ntuth 5 Saddns

(2) ansatainudnuyu wisuiiaududu 3 Wesiuddhminsouiumslui
110 5 fadans wazha Sep-Pak HsliTigumgivioadunan 1 alua ieldingadunislu
R

(3) W 0.01 N vosasazanenislalnsnasinluth 3 fiadans edsdadavu 49
Ifunthma nsmdunds uavansusznaudu 9 sendinaisann

(4) szarsusznouuedndeanmis 0.1 Wesidus vesansansazaisnsnlalasaasinly
WNIUDa 5 Hadans

(5) mmﬂwwmmaﬂsmauﬂuaaﬂa o B

(6) FMsNAADITTe 1-5 LmL\Jaaummmmmsmmﬂu 4 uay 5 LUasL%umm‘wuﬂma
U3uns suainu

7)3 ’;memwa
sneansdi 3 wdnsinislnaiiing aﬂumwﬂﬁlmmsﬂuaaﬂamamﬁimmaamuum
YA 200 NaAdns WWukuguina1s 25 Taduns uazaugenedut 500 Taduns a9

AmUsEnauT 2.4

; i,
AMWUsENBU 2.4 YaneduunenansUsznauluednd



14 C18 Usunm 12 n3u ussalunedudas 55 fadiuns Wuiduansiiuednd Tnedi
moutagldanududuiiminzanainmsvaansd 1 emsnsnsinaimunzavosansana
Mnwdnyuriuaeding lasvhnsAneidnsinisiva 2, 3, 4 uaz 5 Taddasrew?l uaz
fulunsnaanesai

(1) WwisurareudasiewyIuea 200 1addns way 0.01 N assasazatunintalas
Aassnluth 200 fadans muﬂaauumaamwmﬂma 2 Jaddnsnauni

(2) mumﬁaﬂﬂmﬂmammuwmmmmu 0 Wesidusthminsousuansiuti 200
faddns udnsINIsinaredans 2 ladbnsneui LLavmﬂaauum”LmqmuqmaaL‘Uunm
1 4l Lﬁalﬁ@f’aqﬂsﬁfum&f[,uﬂaﬁuﬂuﬁaﬁa

(3) 51w 0.01 N vsansazaronsalalnsnasinluti 120 faddns fednsnisiva 3
fadanssouniiededadovu elduiima nsndunis wazansusznaudu 9 sananans
anm

(4) wzarsuszneuiusindoonsiu 0.1 Wesidun vesarsansazaisnsalalasaasin
Tumiuea 200 ladans mednsinisiva 2 Taaansaound

(5) wiaUsunaesusenauiuednd

(6) ¥nsveaasinde 1-5 uaasusnsnisivavesasataiupeduiidy 3, 4 uag
5 fiaddnsnaud

(7) ImsIL9iNa
nsweaeash 4 Anvinisusnuazyilildansiuednduiavsleednwlunedniuhvuin 25
waz 50 adans y

ldnaduuuwi Ysuns 25 fiaddns Imauaﬂmumaammaq (L) 994 C18 lupoduise
urnugugnans (0) Wu 40.5 84l €18 USina 12 nfu ussqlumedutauldriugs 405
fiadlns uarAodutiniU3uns 50 faddns (L/OWu 15.3) 14 C18 Y3uw 12 ndu ussqey
Tunodinigs 230 fadwns Wuiduasituedind Tunsnaaasil vhautumeulunisnaaosdi
3 uildmnududu 4 Wefdudimindeusues uazdnnnisivavesansafinanudauyu
HuAedIT 3 Tadansseundt awhnsanelunedul 2 vuedaiinaiauda
nIMaaesd 5 Anwinistn C18 nduinldenlureduiviiving 50 fiaddns

AUTIUNMTNAABINUNTNAADIN & usth C18 Triunislduazdraudundln

° = = = Cfg
2.3.3 memhbinsaunagniiannuudavsau

ilasnlunisuenansusznouiiueandlagld C18 luduneuveanisszansusenau®
uadndosnuvsiiiioUurainineging Farasiinmsaziiusmsaiienssidansaeenty Iﬂa
msmssmmsaﬂﬂmﬂmammuuwmumsLLaﬂnsmLLnaanImalﬂs C18 sep-pak cartridge vn
amfavwmwaﬂ Imawsaﬂmmsmaaqav | §iaddns Tnsutanismaasseanidy 3 msvnasiel
nsNABDH 1 msanﬂmﬂmamuuwmu C18 Sep-Pak Cartrigdes lUszive MeOH aanang
mimmlfmqquwaa wanhlUaziiiuiuiug (0.1%w/v NaOH) 37uau 1 fiaaans



msmaaw 2 msaﬂmmmuamuuwmums C18 Sep-Pak Cartridges anvuthlussine
MeOH aaﬂmamsawamwnu 50 °C \Juvan 2 4lus nuthluagdiuduiug (0.1%w/v
NaOH) 37u7u 1 Ladans

nINAaaed 3 arsananiiu C18 Sep-Pak Cartridges 91w 1 fiadans lunauiu 0.1%w/v
NaOH a%mu 1 ﬁaaém

nsneaosi 1-3 mammswmaauaiﬁ]au ﬁ]ymmsmamﬂﬂammmﬂsmmaﬁﬂs naUWua
andgutiansaunadn N eansaaed 24 unUSsuiisudu miaﬂmwmuammuum
W1W C18 Sep-Pak Cartridges Lwagmmumwmaamﬁﬂizﬂaumaaﬂa

234 Wisuifisuuszandaweastumaulunisusnansnilulednduazansusznauilue
and
Hunisanerdigudunsuszuinanisuennilulefindeannau Aunisuen
ansusznauiusdndoanneu lasdin1saniiun1sne
nsnaaasn 1 Anwnisenudnanswiluledndneunisuenansusenouiiuednd
yoasdlasansdnanswilulednddsuaanudnuuiadn (04 Taddns) luanned
RGBT LLazﬁwﬁaaéNwﬁnﬁlﬁuﬁLﬂsﬁzﬁﬂﬁa;&amﬂmswmaaq ntuhansataanwdn
yyundansumsanudntuviinisuenaisusenauitueindlasly C18 column wua L/D
Wu 153 Immm‘%Uummvﬁu%‘umsaﬁ’wé’amumsmmﬁﬂﬁ 4 %w/v WazeRsINISluaaITans
tihuredni 3 fadansdewit uazihimesafildliiaseideyananimaass

NSNAABIT 2 ﬂﬂmmsLLaﬂaﬁUsz\aUWuaananaumsmnwaﬂmswﬂﬂamna
’Lﬂuamazqum"\nmswmaamaﬂmsﬂsxﬂaUWuaanammﬂ13u.ana'1fiﬂsxnau?\lua
éﬂﬁaaﬂmaaﬁar‘fm1ﬂLuﬁﬂ‘uuuw%fauﬁﬂﬁmthaﬁlﬁﬂime“ﬁmﬂ%mma”isﬂizﬂa‘uﬁlua
and lowsnansuszneuuoandiadony mmswmaammﬂmsLLanmmmwnNaﬂmiwi'
‘lwlednd Imtﬂmamamwamlumwﬂwaﬂimmwmaawmmaﬂ 0.4 Tadans) 9niuth

GI’JE]EJ’NNﬂﬂVﬂ,ﬂﬁJTJLﬂTI may}amﬂmsmaaa

2.4 33n153Asen

2.4.1 n1sAwszvindsanuuinianinue (Total Sugars)

FiAsgiUSinanisnanavus (Total Sugars) 3elaun Wwlunaanlsd laugaailsd e
Alnusratlss wazindueanlsa #1u3s Modified Phenol Sulfuric Method (Dubois et al.,
1956) Tnewndenfosamaniinududy 0.03 Wedidumihmindeuiuns 29 lulasans 14
Tu lilasiwan 96 vau Wiuansazans 5 wWeiidus Huea Usinns 29 lulasins wihlulas
wan w1 deliassanfulssana 30 3uai Win Conc. Sulfuric Acid USuns 143
Lulasang Intuwgung delwassaniulszanm 30 3w udUalulasiwan defldula
wazlaviusiogiduion ihlul¥mnndeusisernhmuaugumglin 80 °C Wunan 30 wiil
wdrniuyliduauiguvgiivies u,avmlﬂmmmmnauuawmmmmau 492 wly



LIRS mmmwmauuawlﬁlﬂLUwumaummlmnumww:nmmuua AU UN
mmamwmlumamamaﬂiuwmauaammaiﬂamammaﬂ mﬂuummamlﬁlﬂﬂmﬂu yield
YDIHAN m]zlmUsuwmuwmwawawmmiuuuaUmaaﬂsmqiﬂamamumiaﬂm

2.4.2 M53s1iUSaLIn1a3ag (Reducing Sugars)

BnsngiuTinahmaiing (Reducing Sugars) dslduithmalungululuuaeanlss
wavlauganlsaniuis Modified Dinitrosalicylic Acid Method (Miller, 1959) Tagnsau
Fregandnanmduty 0.05 wWesidus 1mnseu3ums 100 lulasans ldlululasinan 96
viaw inansazans Dinitrosalicylic Acid Usinas 100 lulaséns wdrlulasiwaniung dolv
answaufuyszan 30 it Unlulasiwan MeildulawasUaviviegaiuien ke
%’auﬁwéwﬁﬂmumammﬁﬁ 80 °C 1wunan 30 w1 mnﬁ?uv‘iﬂﬁu‘juauﬁaammﬁﬁaaLLa“
mlmmmsmmﬂauuawmmsfnﬂau 575 wlulung mmmsmmﬂauuawlé”l.ﬂLUsaumau
mvﬂ,ﬂﬂuﬂmemmuLLaummmmﬂsummmaimﬂumamwaﬂlumuwuaaﬂiuﬂaiﬂa
fonsSuaNsana

2.4.3 mawiUTununaligniaag (Non-Reducing Sugars)

mmmwﬂﬂ'ﬁmmmmaimﬂim% (Non-Reducing Sugars) %nlmuﬂmmalunamiaa
IﬂLLmﬂﬂwlsmLLaquaLmﬂmlsmwLﬂuﬂamaawﬂﬂamﬂa ToptUSunanmanauanausiy
U'smmmmasmszjmaumsw 1

Non-Reducing Sugars = Total Sugars-Reducing Sugars (1)

2.4.4 M3hwsziumiinlaananieis Gel Permeation Chromatography (GPC)

wawesiiotulasunlans i (Gel Permeation Chromatography) tBuwmafin@iny
nsnsvanerenimiinlanavemedmosduasivinsonadwestanm Faduisnsuenlay
mﬂammmimaﬂamaqwaal,uas msLL&Jnmmmu’tuﬂaauu“lmuﬂmﬂs'mlwussa]meamm‘mm
WIUWIOLRa (gel) Toelusinldifanedalady mmumswaﬂads"mwﬂuLaﬂa wazgnguy
vioumfiugngu Inofedrmwesarsavanenedueiiioanazgnldatiylunading uazy
fenseuarasiainazats  lulanawedweiosinudagnunazarunsounsidnlulug %
aﬂwiuvmmwsumuﬂwmﬂimLaﬂama&waaLuamaummmaﬁwsu Tuanavunmieg azgn
gosnunanAadninudwurue lanavuialvyiiliannsaunsidriulugnguldassin
Aeduianunaullusuduusn muiuLaqa‘ummLaﬂaummag”lugwqumamau,aqfhsL’Jmasﬂu
ADANULIUNINATONTLBBNLNNYWN
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2.4.5 mﬁmﬂ:ﬁﬁmﬁn‘lmmaﬁaeﬁ%‘ Electrospray ionization-mass spectrometry

(ESI-MS) '
Ainswhminlnanaveswdnnilulefind lnsdsinegdluiineiiguiiniedle

Fneneans unInedsawauaiung §u33 Mass spectrometry MiiniI9Tn (detector)

Yiln Electrospray ionization (Hernandez et al., 2009)

2.4.6 nmsinyineiinvasansuseneuiiuaindlasldin3as High Performance Liquid
Chromatography (HPLC)

a'ﬁaﬁ’muéﬂmﬂwuﬁauuawé’qmﬂmw‘iﬂm(f”xmsﬂizﬂau?\luaaﬂéﬁqwéﬁaa C18
Sep-Pak gniludesgiuinuansysenoutuednduilansaunadn (Gallic Acid) ERCIELY
Agilent 1100 Series HPLC (Vichapong et al., 2010) ldwaila Reverse Phase High
Performance Liquid Chromatography Iagla Zorbax Eclipse XDB C8 Column (4.6 x 250
fadwes vwineynia 5 luAseu) wag Variable Wavelength Detector finuenadu 280
wluwns 14 Mobile Phase fo axd@lnlulaiv : 1 WesiGuvensnasain
nasusuld 7 wWedidudesdlnlulag
nan 0-2 uit 14 15 wWesidusiesdinlulasy
wan 2-5 Wil 19 35 Waiidudesdlvlulas
nan (5-7 i) 9 55 wWesiusesdlvlulasi
SasusHildAe 0.8 fadansreuni fgumall 30 °C Mfetasainanudnyu
feunasmdnmsviliulavsde C18 Sep-Pak arsnasgiunsazalinwiouiiaududy
30, 50, 70, 90, 100, 150, 200 way 250 ppm aﬂﬁlaﬂﬂﬂL’ﬁﬁLﬂ%BQLﬁaﬁﬁﬂ’ﬁ%m‘iwﬁﬂ%&ﬂﬁﬁ
20 lulasdng | '

2.4.7 msiaszidaya

Tunsiaseinieadaléldlusunsy One-Way ANOVA uag Durican’s Multiple
Range Test V B

11



3. Nakazanusigna

3.1 Han1seRNKUUYAaUNsailun1mMAaDY

3.1.1 NANITORNUUUYAANKANTUIA 5 ART

gaanuanwua 5 ans  Ianadiadudedesiuiainauauiad 2unAug 5 s

[
@ =

ﬂjuuaﬂuﬁwl‘vzaﬁ&msaué’aﬁaéfm%umzamqmwgi drutuluAsusiINd I MSUNITANNEN

€

1Y

muuuﬁuaumLLaxﬁma"Nmauﬁaﬁgﬁ&iaﬁ’widﬁfmdaLs‘?ulmaﬁauiauﬁwmﬁﬂ ppnLuUlag
vinsuiudndruruianugeesds (L) wazsiduriugudnans (0) dandu 2.5 wihwosyann
udnouin 0.4 ans lasaruusznavveanissmnuannilulefnduuin 5 305 Ussnausie &9
PnEAn Ynszureauiou fuimaoibu gauelnosluinnIuLuy anchor gARIUANTFUY
VLR FIUanInMUTENBU 3.1 uay 3.2

AMWUIZNBU 3.1 UHUNIWEIRNNANUUIA 5 BT

o [
fingunqll YBIABS lUNANIUET

Tudannman

fInguUN Yl
a g <

Tudeanasitu

v
YR v
NUIMADWU

a YAANHEN

YUIA 5 8RS
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¥oqlaasiall L
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: ; c vosldasiail
A51a3 . .
ISHAIGRIIG RPN
dlianudou
d slienusau
Meylufannean
lanuiou
Tnaaaaniue
aiamslamdaanu 1S iantiee
AVIAIRZAIN
S 0UTAD
vavigy
D . SIS
friauazasn
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avgiivesasinil

Yulsuens

ms lnaveaih e YAAIUAN
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Hoolgu

AWUIENBU 3.2 YARNNANVUIN 5 8nT (a) wasdiuusenaume
(b) uwaszureAUTau (o) YasldarsuazUdesansiall
(d) slviauseungludnnudn uaz (e) ynAruay
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3.1.2 wa calibration curve dwiumadnsnisanaungiiluyannudnvuins ans

AU st uidnsnsgungiifudnmstleuimaeiiu wildanusuden
Sasinslnavesiwmaeuiicisieg wazbianiilflunisvinldiasadmannudayuitgumgd
Sudu 85 asrwaliua anaumde 35 ssmueaidsaiieriAILMSATINsanaes
gl Fedoyamnuduiusiiléinlush calibration curve fanwusenay 3.3

— 2_5 -1 '777»7- T YTy T oy o o o : 3T J e S ‘riﬁ»w, =
= i ’, ! |
—
pud
-8
T 2
)
5
=
= 1.5
o
>
A
(=
= 1
e~
&
=
&
G 0.5
o
(ond
o
[amd
e
a% 0

7 8 9 10 11 12 13 14 15 16 17 18 19
8031M3 marmaodu (Basmoui)

mMwusznau 3.3 calibration curve dwiumndasinisangumaiilugannwdn 5 ans

3.1.3 wan1sesnuuuYnnadNlsenaisusenauiuedng

5 ]

yanoduluonansusznaufiuednd druusznevussyanaduiuenarsusznauiiue
dndusznausmeneduiuiivuin 200 fiaddns laefiduiiuguinaisnodu 25 Tadwns
ANUEIADALL 500 Tadiuns uazdnTidaugs C18 sevumduriugudnats (L/D 1Ju
- 22) Mdrmuaudnsinsivaveseinia uariluan wanwiinmussneu 3.4

14



MwUsznau 3.4 yareauiuena1susenauiiueand

3.2 wan1suenanswsluledndlaeyannudnauin 0.4 dns

3.2.1 HansAaTeiaungiilunisanaanvasaswslulofng

Ainsnzigunginnndnvesarsadnlasldiniesile Differential Scanning
Calorimeter (DSC) WUIRAVADUMAILALIARNNNANYBIAITAD 64 WAz 55 BIANIAYE
AUEIAULARINARININUTENDY 3.5 ﬁaﬁuﬁ@ﬁﬂmsﬁﬂmmsmﬂmﬁﬂlumqqmmﬁ 55-64
A TALTY

1.43e+0]
1.4291

4287 Peak = 0.017 °C

End = 56.284 °C
Onset = 54399 °C

1.4277

Area=62.916

1.4267
) ] Peak =55.316 °C  Onset=61.877 °C
1.425 End = 63.727-°C
Area=-0.015 °C

1.4247

1.4237

Normalized Heat Flow uj) (Wig)

1.4227
1.4217

1.4207

1.4194 ; . : : .

40 45 50 55 60 65 55
Temperature (°C)

AwlsEnau 3.5 namsinsgigaumginnuin lagldinIea Differential Scanning

Calorimeter

15



3.2.2 namsAnsanzimvanzanluyaanuinuuin 0.4 &ns

3.2.2.1 manmsmanuiaseulunsnaudasdu

519 3.1 Taenaslalusunss One-Way ANOVA way Duncan’s Multiple Range
Test vhnsiassimeana wuimalivewdniuiuetafifoddyiisssuanudoriu 95%
donnudiseuiiiviuauia 100 seusawit wazlfengaand 100 sousewd Vailiiu
wsz3nsnusstiswiisnihliAnanmnisiiaduadeald Sailinisiulavessdn
Paduldd Berger, 1977 and Taylor, 1973) nturaldvemanananiionuibisouiinty
i 150 seusteunit esnanuiseviiiadwiliimaniuegnaguussauwilitnedled
Masasesnlulasmdnumgaoanuitlian mnisiieliieduangaas (Berger, 1977 and
Taylor, 1973) drunisvaassildfimsniuilildualédesidonnaninadleiinsnizass
Ifoslavhsiausnaianedn Joildnsivinvemdnintulalid uasndefinnsanain
vignivesmsluladndlasgainuimaniaaiiligniid nuitanuuigniiiadude
ArEITULRNTY Aufa 100 sy anuudaviiinunnasudianaiionmiisey
WfisBuann 100 B9 150 seusiewit metesanamnniaseviinasgrannfunaldveandnn
Aulednd uilifinadethmaimunuazimaimdg suiumnudiseubesiufimnzan fe
100 seusEW T Fuiilinaldvandnnilulefndiian 0.026 nfundnseniuansatauis ua
Usinashenaligniindiads 12.51+0.48 findn3unglaasionuansaniaus

A5 3.1 wavesmuirsevlunmsmulowusienalaninuazinialignianig

ALLS50Y o L o
. & 0 ) 50 100 150
(S9UMBDUN) ‘
Halandn . . g b
0.019 0.024 0.026 0.023

(nSuednmensuansannum)

Yhmaviavan o . o, .
a o o Ve e 863.83+1.04 | 864.44+2.40 | 865.00+1.92 | 865.06+1.92
(FadnFunglaarneniunin) : -

vaasang L T 2 2
o alw D e 385.40+1.83 | 386.8+2.62 386.37+1.91 | 387.97+1.47
(Sadinsunglaasieniuwin) n

Wwnalign3fng

. e T L 1a78.43x1.11° | 477.64+1.097 | 478.63+1.84° | 477.09+1.68°
(uaansuﬂqiﬂamansumaﬂ) :

Uenalaign3ang - o
(fiadn3unglea 9.21+0.21° | 11.8120.24° | 12.51+048" | 11.05+0.04°
RonSuaTANALIA)

ARIUIING Ao Aade (n=3) = dauleauusnnigu
snuwsenfmlouiulunsazund v ldfiauuandegisiidedifyanuds One-Way ANOVA uag Duncan’s

Multiple Range Test fisvsiuarindesiu P < 0.05
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3.2.2.2 namsvnauvgiiimanzaslunisanudn

dofansanwaldvessdniienainduarswilulefndainaise 3.2 wuin azwmmma
senaldvesmdnifisndniesbivnnrsegaiituddy fgumgilunisanedn 55  aemn
waduaiinaldin Wesdsasmnisiinanimbusindwnniiuldasyiliaisazatsiiany
wilagaiinavinlviensinisiaulendnanas (Berger, 1977) wazmnldosanisiingnwiuein
Behunansaniiniandle dndosTsdsmalinaldfonfutubdneomindy widefiansan
mmu‘%am%maaaﬂiﬁmmuﬂuw“ﬁlﬁiaaﬂé an%mmﬁwmaﬁy’wmLLavﬁwma'%aaséwuﬁwLﬁa
amunmawu Uimmmmamﬁmumammwa,aﬂuaa uAtmaiindanaseiias il
wuiiilornidlegunaiiastuiviasaisannsaas aemaldfniininfigamgdic
(Treybal, 1980) muum'{l“nQmwgquamummwﬂuaxmamma‘[maqaLaﬂaaﬂmﬂu
Uinauiiinnge dseziuldanaise 3-2 91 ednidimnaiisdaduiealuanaidn
DRRGE Lﬁ'aamﬂﬁﬂmaahwﬁﬂﬁazmané’uqﬁ mother liquor

aviu guuglifinzaslunisanedn fe 58 sarivaiiva dvlvinalivaandng
0.026 nfurdnseniuansatiauis wazUSinaihmaiilignifadedil 12734068 fiadnfu
nalaasionsuasanaus

A3 3.2 wavesgumpiilumsnnuiindenaldndnuavinanaligniiig

AUNAIUNISANKEN
' * - 55 58 - 61 64
(3AwaLgea)
nalonan
0.025° | 0.026° 0025 |  0.024°

(NSURANABNSUATANALLIA)

WIRNANINLA

881.88+0.58" | 873.83+1.58" | 860.83+152" | 846.61+3.10°
(uaaniuﬂaiﬂamaﬂsmwaﬂ)

mma'ﬁmsu

- a - 383.63tl.l9q 379.63+0.66. 377.4611.45b 372.40+1.31°
(Fadnsunglrasianiundn) | : v

hanalignIang e o, b L
. a o .Y 498.25+1.31 494.2+1.99 483.36+2.90 | 474.21+4.35
(uaaﬂiuﬂzﬂﬂamammaﬂ) ' '

hnaliignidag
(@adnsunglea 125020.26 | 12.73:068" | 1233:0.74° | 11.8+0.02°
AonSuasanauia)

A1RIUTING A ARRe (N=3) * dudsnuunnsgiu
dnusenimilouiulundazues wneds ldfimuusndisegeiideddyn1uds One-Way ANOVA way Duncan’s

Multiple Range Test #isssuprundasiu P < 0.05

5.2.2.3 Han1smdns I sanauugiilunisanuan
WA InalaveIndnaNmnTe 3.3 wudi walsiiududiednsinisangumad

9/
Y

iguaunssnallAlndiAesiy Welddnsimsangamgil 1 89 1.5 sswaideanowndl viall
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lssandignazateivasuagiiiiatuinnenagitliiaudniaunluudazdisveanis
WasuwUad Tunendununalenduanadnsnauin Lﬁaé’m’mﬁamqmmﬁl,ﬂu%wﬂu 2 996

walganeui asnilleangungiisnednsinisangungiigenazinisanuinlugag

gumpiifinfendiusiiivaanatlumssnudniidundt Jehliignazaisiivasuegiinaites
Wuluiozifiansaneanesnun (Giulietti et al., 2007) WARYININABINIINA AR INANE A
annsalddnsnisangumgilugig 1415 ssmwadsaioundi uaziliefinsanmiuuians
°Uaaw?luiaaﬂé?éq@ﬂmu%mmﬁﬁmaﬁ”’wmLLasﬁﬂma%?nsﬁ mﬂnﬂﬁ;mﬁv‘hmwmaaalﬁ

wansaiuNInin welienusunaiiaanlignimdgeanndnsinisangumvgil 1

937"

AT YARBUNT LLavﬁ'\’wamﬁaé’mswmiammmﬁ@u 1.5-2.0 9eFgalduasoun Mduiiud

‘\‘g Luaqmﬂasmmsaﬂamwﬂuuwaammmﬂ‘umalmaamaﬂ mwﬂwmmmammaqwﬂdamﬂa

IﬂEJWD']ﬂ‘u’\ﬁl’\ﬁlllﬂﬂi(ﬂ’]‘lillﬂ”iLLG\ﬂGl’N’e]EJ'NQJUEJa’\ﬂiULM&JEJ‘Uﬂ‘UﬂWNalWUaQNaﬂ‘Wd‘L‘UIaG\ﬂE’IWJEJ

GN‘U‘L!E]G]5Wﬂ’]3€1(5\QQJMQJJVILM1ﬂ$E11J A 1 pvAalduanaui WsEIinvlanalaves

panwsluleAnduazauuiansvensiule

a

Andilengegn lnsinalaegn 0.027 niuwdnsie

nIuansanauis wagusunamanligniiideyi 13.74:0.01 fadnunglaasiensuasans

WA
A5 3.3 navesdnanisangumniidenaldndnuasinaligniing
FRIIN1TANDUNN
- U 0.5 1 1.5 2
(DIPNVATHANDUIN)
HALARAN b g . s
v = W o v 0.024 0.027 0.026 0.022
(NTUNANADNIUATANALIAY)
UNRN1aNINUG a s ) 5
n o o Ve e 875.55+0.67 | 875.55+0.82 | 875.38+0.42 876.44+0.91
(HadnFungleasianiundn)
ﬁﬁma%a’z‘g b a ab ab
- o Voo - 378.03+0.25 | 374.53+0.41- | 375.73+2.34 | 376.2+0.26
“(@dadnfunglaaseniundn)
enalugn3fiag a b b | b
n e e Yo 497.52+0.86 | 501.03+0.45 | 499.65+2.23 500.24+0.72
(HadnSunglaadaniundn) ‘
wnaliignisag
(fiadn3unglaa 12.18+0.18" | 13.74:001° | 12.9840.13° | 10.88+0.10°
fONSNANTANALI) -

AIUTING Ao ARG (n=3) = daudeauunnigiu

dnwsunmiiouiuluusazund wunede lafieuuansteegaiidedrAgniuis One-Way ANOVA wag Duncan’s

Multiple Range Test fisssuanundesiu P < 0.05

3.2.2.4 uan1suianansassulunisniuiwunzaulunisanadn

ASNAaBDL

Wun1syinginisneasatunaun 1

FIANUAUNUSTENING walanu

mwm%asa‘uLLazU'%mmﬁwmaﬁhign%ﬁa%ﬁummLéasauﬁlﬁﬂﬁwﬁuwamﬁmﬂmi‘mmaaq
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Funouit 1 \ofsainalévemdnnslulofndainesns 34 wuih armdisoutindy
naldfiiuiuetemng auiisgageaniinuiiseu 100 seusioundl nunaldanaodig
$19 wlomnuiasouiinuiiuain 100-150 sousewd wazilefnrsananuuiavdvomdiule
And wuindleruiasouiindu mmu%zjm%{ﬁl,ﬁu%muﬁ@ 100 seUGIUNT ALUIAVET8S
WENGLAT uaraniuiiernuiseuiniu 150 sousouit arwuiavdvemanazanas
fuRennudseuitnzasmsendy 100 sousouit selinaldvomdnnilulofinday
0.028 n3unAnsaniuasatnuis uazaUavsvemmilulefindgee fiusiahmaiilign
Findogil 14.05+0.09 fadniunglea/nSuarsadaus Fadurmalduazannuusavsillian
mnﬁqmﬁlﬁﬁwmiﬁnm‘lumwmaaaﬁ

A1514 3.4 navasAuiiseusenalarantasiaalignifag

A58V
. - 0 50 100 150
(SaURBUN)
nalonan N c d b
0.022 0.026 0.028 0.024

(nSunAnsansuansanmua)

UNAAVIINUA

. | 874.44+1.25" | 874.45+1.41° | 875.55+0.67° | 874.40+1.08
(uaaﬂimgiﬂamanwman)

UAa3HG R , ) \
- A o Vo e 374.73+0.83 | 373.23x1.79 373.2+0.65 373.56+1.19
(HadnTunglaasieniuwin)

Yaaldanifng N a a a
- a o Voo o o 1499.71+£1.35 | 501.21+3.16 502.35+0.81 | 500.87+1.54
(TadnSunglaarieniuwdn)

thaaligniag
(fedndunglas | 11.26+0.74° | 13192017 14.05:0.09" | 12.14+0.15"
FoNSuANTANALA) = .

mmaUsIng Ao Anade (n=3) + dudoauuinasgiu

o

Snwseniwileunulunsaziad wneds lufinuuenssedeiitedidyniuidd One-Way ANOVA wag Duncan’s

Multiple Range Test fissdummuidasiu P < 0.05

3.2.3 an1saTziiminluanavawadnaieds Gel Permeation Chromatography
(GPQ)

dinluanavesansafinannuidayuainmsataanudauyudie 50% evuea
fowuNIRINREN wuTansanadild Tihaadhmadiiiwiinluanadssno 246 anadu @
F1 DP Wity 1-2) 883 snasiu (@1 DP winiu 5) wazihitnnaidwidnluanagauszana
1367 Madiu Fadian DP wirtu 7 dwansdlumwusznau 3.6 windsannmsanwinuayinans
afafeiunmsanrdnudruniessinuiadie OP 13 danmuseneu 3.7 uasiilonsivaeu
ndnnuinil daivdnluianauiunanadssuna 1367 a1adu wiedien DP ity 7 d

19




nwlsyneu 3.8uanvindruveniminlianadiil OP 5 eraAsulassasidlifuimail
dwiinluanaanas OP 3) ludumunsmulinnufeusswitemsanadn @1 DP vendney
Turewaslealnueanilss IasiimlndlAeetu fructoolisosaccharide  @ausznauludie 1-
ketose, 6-ketose way neoketose (Usznousiianglad 1 Wanauazwynlag 2 luiana) 3o
starchyrose  #aUsznausnenglan 3 Tuanauasvignleg 2 lutana (Wichienchot et al.,
2010) favaneq wiiailedlnuemarlssmiuarsuseneunsluledndilusaduseney Wy
nsuidion, shvey, wisliss, dawdes, Sudsuazudiing Wusy (Wichienchot et al,,
2010) Tneledlnuzamilsafiannliondaundos fades uazuiasfinsivasuesiminluana
Indiisiulealnugaanlsriildvnmsanudnansatnanudsuyy udledlnusaailsdiadin
nvheniilea (artichoke) uasBlng (chicory) fhfmiinluanageninledlnuananlsaiardn
Ianfeghandnilldanmsmnidnansatnanuidinuyu (Wichienchot et al., 2010)

S

SRal s\,ﬂ‘;\\\?ﬁe\“
10.00 o rocgiipunels
AR
8.00 " Q\\“""Am\ :
DP=1-2

6.00 DP=5

4.00

MV

2.00

0.00

~3 00

0.00 2.0 4.00 6.00 8. Q0 10.00 12.00 14.00 16.00 18.00
Minutes

 pwusznav 3.6 leslaunsuvesasadamdauiu laomailalasien GPC

12 00 -
10 00
‘800
8 00

4.00

NV

. 200

O DD« oo ot
-2.00

-4 00

0.00 2.00 4.00 800 8 00 10.00 12 00 14 QO 10.00 1800
Mnutos

nwusznau 3.7 lasinlaunsuvesasanawdavyundnnuindisgnlagimaila GPC
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MV

-3.00 ! — S

0.00 200 400 600 800 10.00 1200 1400 1600 1800
Minutes

Mwusenau 3.8 lasulaunsuveawaniiedeilalaewmatin GPC

324 wamsiasizhimidnluanavesarsanandsnnudnlaeldis Electrospray
ionization-mass spectrometry (ESI-MS)

namstuduimiinluanavesiiedmdsnnudnudnlagl933 £sms wuithuin
luanadaus 144.1-705.3 maduvide DP saust 1-4 (nwUszna 3.9) Samudniwafidy
aaﬁﬂssjﬂau‘[,umsaﬁ’wé'amﬂwﬁﬂﬁﬁvaﬁﬁﬁma‘[maqaLﬁa’;uas‘[maqa@:smagéﬁa Famanis
NRADITINAIADAAABITUNANIINARDININGG GPC ABUW 9INHANITNAGBINUTINITAN
mﬁﬂmmsmwﬂLmﬁwmaimaqaLﬁaaLLaquLaqagjaanmnmﬁﬂ@h@&i'}ﬁé’

PPl Dp=2

1821 _188.1 381.2_

e DP=3
o pat.s v S

. L T G
100 150 200 T 250 300 350 T 400 450 500 550 800 650

T 3 T mz
8OO 850 00 850 1000

Awusznau 3.9 lasunlaunsuvesansaiavdmnadnisgnangaanadnuun 0.4 anslag
WAAIATIER ESI-MS

3.2.5 wamsiSeudisuuszansnmvasganneinuuiadniugannudnuuin 5 dns

MnMveaesnsgaanrdnuumaniiildansivengay fe gamginisanedn
71 58 perwawtud a1 60w Anutssaulunisniuas 100 seusesuIl 9nsIn1Tan
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gruupil 1 asrwaldgansunil 3nTuan el za®INYA NRENVUIMANLRNEEN

9
v

AILYRANNANTUIN 5 §RT IHDAUTEANDTN NVDIYAANKEN LAATINTIN 3.5

9

M54 3.5 lWpuigulszvsnmuesgannwdniuin 0.4 dns Augeenuanuuig 5 ans

YARNNEN talsvaadnnslulofnd Uhnanhmaligndfng
(nSumdndenivansanauwis) | (@adnsunglaasensuaisanauia)
UR 0.4 G013 0.028 14.05+0.09
YUIR 5 G915 0.051 30.85+0.986

AN 3.5 WUNUsEANTAWYRIARNKENYLIA 5 émsﬁuﬁﬂisaw%qum'jw@
AnRANTUIA 0.4 Fnsia 2 wh Fagldanawalduazuinanihmadilignifag femana
wszilugaanndnuuin 5 dnstiyaliauieunvuiuves uasilluinsuelvgiifiaanny
nhwweduiaiuludeeuvesdannadn Fauanssiuluyannudneunn 0.4 ansiisliay
FouuuULYNIY v‘iﬂﬁ’lnﬁmmué{aaﬁwmmmﬂ*ﬁwuaﬂuﬁﬂLLﬂuauﬁa{]aaﬁ’ulﬂmuﬁmmu

Q:\

‘V]']ﬂ’J'INLﬁEJ‘Vi’]EJﬂ‘UGl’ﬂ‘V]ﬂ’J'}iﬁﬁ)ulﬂ G]’JEJL‘MG]U‘GG‘VI’]IVI‘UWGWNaﬂ‘UUWG‘I 5 amsiuszan

wnneenuEnuuIn 0.4 Ans dsdladeilvinliarswslulefndidesnisilenadudar
ansimamnuantauinnIgannudnuuin 0.4 803

3.2.6 Naﬂ'ﬁ’lLﬂi’]“ﬁﬂ'\WUﬂINLaﬂﬁﬂ’liﬁﬂﬂ‘lfia\‘mﬂwaﬂﬂ'JEJ‘UﬂGlﬂNﬁﬂ“UU”Iﬂ 5 EWl'i f28735

Electrospray ionization-mass spectrometry (ESI—MS)

Namiauauuwuﬂimaqa‘uaamiaﬂﬂmaamﬂﬁmwaﬂé’a&Jﬂgﬂmﬂwﬁﬂ‘uum 5 &ns lag
« v a3 o s =t o o < [ <
35 ESEMS suandiumdnluanadnvaziieidudunaniimaaslugannadnauiaan fa

2/
s

Aaue 144.1-705.3 arasuvie DP faus 1-4 (nusznau 3.10) luansafavaenmsanaan
faunnuanismeaasdnanifiisnmsuanatswilulendiioiSnsannantdu wediazusn
wmaraaindunsluleindesnanmiwialuanapeiuasluanaala - -

100~

DP=1

198.3
-~ o 1. DP=3 DP=4
2 [oosz 4582 sasz} {7082
l ) :sirz . l o B o=

S8 50200 T 250 300 . 350 400 ¢ aso | 500 550 800 650 700 750 800 850 200 950 1000

AUsENaU 3.10 1ASUNlARNSHYDIENTANANEINNHENAIBENAINYARNHANIUIN 5 AT
TrswmATAIATIZ ESI-MS
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3.3 wan1suena1susznouiusand

diethansatnainwdavyuunieszimeiavesasusznaufiuednd Téun nsauna
an  nsauamindnuaznseine3an aieds Hich Performance Liquid Chromatography
(HPLC) axlsviinvpsansussnauiluedndiinuluarsafauwisainudauyu Aensaunadniiios
yioufied (ssuiun] adaduazany,  2553) wagdiegwnanisiasgilduansly
awdszneud 3.11 dufu muddeisddihmsAnunisuenansuszneuituednduiansauna
an nnveaasldnadiil

~ VWDT A, Wavelength=280 nm (T120JUNE31.D) o —
mAU :
200 -
g |
i K i
150 - o
| ©
N
o
100 q ‘
50 i
| | - J
} »y N . /,—/—v‘% _\‘\-W_/J
o—_ TN T
R S T
S 0 1 2 3 4 . 5 . ] . - . . min
a
VWD1 A, Wavelength=280 nm (TI29JUNE12.D)
mAU ]
175
1
150

Gallic

125

1.921 -

100

T e e 1 T T T
0 1 2 3 4 5 ] mirn

Amusznau 3.11 lasuninsunsuvesansuseneuituedndvesarsatnwanuyu (@) nou
b1 C18 Sep-Pak Cartridge uae (b) nasannwtu C18 Sep-Pak Cartridge
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3.3.1 wansuenaisusznauiueandlneld C18 Sep-Pak Cartridges

3.3.1.1 wan1sAnwasududuansaiaanudauyu
nsuenanslasldaiududuaisadnainuaayunoudiu C18  Sep-Pak
Cartridges Anududy 3, 4 uaz 5 Wesdumhminaausuins 9nensmei 3.6 wui 1ile
SrunfinunsaunadnluaisadadulfegluguihuinnsaunadnaethminingAvaisare
WAINLUAAYYY I1NHANITNAABINUI d5ainaInuanuyundaiiy C18  Sep-Pak
Cartridges fiUsumunsaunadnegludie 1.64+1.12 i1 1.86+1.31 dadniuunadinAenivens
aauvs uazlvirn3osaznIaunadngsaail 86.49 Aeansainanudnuyumnaniu C18 Sep-
Pak Cartridges fipnududucugu 4 Wesdumiminaeusuns damuinduanududu
ﬁﬁﬁqmﬁwuaﬂmsmzﬂau?\luaﬁnﬁma‘lﬂ? C18 Sep-Pak Cartridges wagalyAuudy
Suduvesasainnudauyunoudiu C18 Sep-Pak Cartridges fimududusnindilid
fovaznsawnadnei oraduwsizitansadnainudavyuiitoudng C18  Sep-Pak
Cartridges ﬁm’mL‘ﬁwﬁuﬁasﬁﬂﬁﬁmwmim%ﬂLﬁmsﬁuﬁmgaamamm%’uﬁmaa asgnaadu
arulngazunsitnglnsiigadu mmLﬂumu‘ummmnmm%muwmaaﬁl3amaaamqnmsa
(M3aadu, 2552) mﬂmﬂmmﬂwamaqmsmu C18 Sep-Pak Cartridges mLUumﬂmmiwu
9k C18 Sep-Pak Cartridges finnuannsadunsaunadntdlufiussdniawiviniinng
sazuenanitldanududuansafnanuinuyunoudiu C18 Sep-Pak Cartridges fifings
Ail 9elW C18 Sep-Pak Cartridges finmanansalunsdunsaunadnandosaiig
wuiy 1lesnnuSinn €18 lu C18 Sep-Pak Cartridges ﬁ’uu%mmmiaf'fmmmuﬁﬂwumﬁ
lUTL C18 Sep-Pak Cartridges fiuSinalliaugafiu Iuilildaresaznsaunadnansag

3.3.1:2 Namsﬂﬂmmmwmua'ﬁanﬂmnLuamuuwmun'\smnwaml,afa o o
mamm&mnsmmaaﬂiﬂeﬂ‘vmsaﬂmmLmamuummumsmﬂmaﬂLLaammmwmaaa
Fanmzaudutudienfufuide 3311 910A1509 3.6 nan1svaaesfilduIng Il
é’nwmmﬁmﬁ’u Ao Heududuvesansain 4 LUa‘ELG‘?judﬁmﬁnﬁiaﬁmm Tnsaunadnd
GRRNGT upReseiy Ao Usunaunadnneusinu C18 Sep-Pak Cartridges JUSuauteaninns
wmammmammLaﬂuaaLuaemnmswmmwmamLﬂumsaﬂmwmumsmﬂwaﬂmu,m 919
ansgapdeUsinauunadnlunismnass wu ammalﬂnmuamaﬂwﬂuiamna maawamaa
lﬂlusumwnsaawanmﬁulﬂlm athslsfianu nansnaaasniide 3.2.1.1 way 3.2.1.2 &9
dieldlusunsy One-Way ANOVA wag Duncan’s Multiple Range Test ¥nsilas18ivng
adRnuTeflatinuuensnsiuegditeddryiiseuanandosiu 95% FauRInNIMAADe
AU eay fe Amnudiduansada ¢ Wedduiimindeusinns
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A15199 3.6 AadsvasUsununsaunadnuarissazualansaunadn laadnwiALINTY
Susurassatnnudaryuiaduniy 3, 4 wag 5 Wesiudumindeyusung

YSUIUNTALNAAN

YUAVDIANTANG @adnsuwnadn / nsuaisanawse) | Seway

AoUEIY C18 Ay C18 nale
5 . 3 2.26+0.03" 1.63+0.02° | 72.46"
ANTANAINUAAULU 3 c c

f e s% N 4 2.22+0.01 1.92+0.03 86.49
(Uastgunuivun / Usunas) d b 5

5 2.24+0.02 1.85+0.01 82.79

asafnnudnuyuiikiunsenudn | 3 | 1.80£003° 1.32+0.03" | 73.06°
. Ca ey L 4 1.79+0.02° 1.44+0.02° | 83.93°
wan (UBSEBuAUIMUN / USues) 3 5 5
5 1.82+0.02 1.51+0.03 79.21

AIRIIING AD ALAdY (n=3) + dIUBLULNIATEIY
dnwseninilouiuluisazaedul wuneds lifienuuandrsedrelidodfyninis OneWay ANOVA  uaw

Duncan’s Multiple Range Test #iszfunimuidosiu P < 0.05

'
=l U

LazaInAInUsEnay 3.12 wandiiuiinismaanane 2 Wdennanuiwaltulidan

L%

mMsuunnsawnadnlulunmadeliu fe Aaudutuaisana 4 wWesiuauininaousuingae
TnSosaznsaunadnlaunniian

B anududums aden adaayy

100 - 0] anududums avan nwdasyuiinnndnnd
95 -  86c

90 -
85 - .
80 722 T3a
75
70
65 -
60

=

84b

83b

aAnNIALLNDAN

¥

sHal

Y,
3000

3 4 5

o < P o
anuudums asanadasyu oleiizumimiinalzunag)
Snusimitousuluudazuviansaw vansds Liflauuenavegwiidedidyaudd One-Way ANOVA  uas

Duncan’s Multiple Range Test fiszfunandiasiu P < 0.05

Anlsenau 3.12 AuduRLSsEieYarazNalivanIaLNadniuANUIINTUANTENR
PNWARVYY

25



< [ o =% =Y = Y r:f
3.3.1.3 man1sAnwin1sin nansusenauiusdndviinnsaunadniinauusans
- 9

A519 3.7 ALRdsvaslsunnitownadn (A + ANDSIULNINTIIU)

DY YSuaunsawnaan Gaansusoans) USinauhiownadn (fiadnsy)
A 82.73+0.87" 0.082"
B 81.05+0.10° 0.081"
C 62.21+0.18° 0.062°
D 80.31+2.39" 0.080"

SNETENT VI O UA L I T Ag AT MTais Wi LAns 1108 TNIDa A e s Ofe Wy ANOVA
waw Duncan’s Multiple Range Test fissfupamndosiu P < 0.05
Note: A fip avsafmaIniudasyuiiiy C18 Sep-Pak Cartridges

B Ao ansannainudnuyuiiiiuns C18 Sep-Pak Cartridges uazszive MeOH aaniigampiiviearou
ez fiuiuo.1%w/v NaOH

C #o ansafninwdnuyuiiiiuns C18 Sep-Pak Cartridges fisziug MeOH aanfigamgii 50 aarm
wandua [Wunan 2 9l fewmiluasifiuiuo.1%w/y NaOH

D #io ansaiaiiinu C18 Sep-Pak Cartridges auiiusig 0.1%w/v NaOH

ansannanuanuyund s C18 Sep-Pak Cartridges wilnsauagiunusaiviony
Fagoarndneanlapuiluasiiiuiu 0.1%w/A  NaOH  uazsswmeuvnuea @san1izlunis
sniiunsisnaturiililsusinaunsaunadnuaziiounadnaefudsmnsned 3.7 aandegne B
war D wuilduSinanieunadnlndifesiuiesn A ?z'ial,ﬂua'\saﬁ'mﬁchu C18 Sep-Pak
Cartridges DU19LAYY LAAIIINITAY quﬂsmmﬂuaalum'zaawqaﬂsanﬂmmuam‘uuwaemu
C18 Sep-Pak Cartridges maLualumamaﬂsmml,uml,ﬂaaﬂ uAlueEN C Usmmmmma
' 'aﬂumuaEJaaauLuaqmmﬂm'msaulumsaumsm’tmsmLmaamaauamamamu Faud
asﬂlmnﬁmswm‘twnwLmaan Uiawﬁmulutuaamuﬂa vnsmaassmnudunouluiiesns B
sm%‘lwmﬂsmmmaLmaaﬂqqqm

3.3.2 nan1swengdrsusznouiuadndlaeldasaul C18 column

3.3.2.1 Namsﬁnmam'lms‘lwa%amianﬂmu C18 column
msnnaswenansUsznauiueandlasaeduiludesuty éinsesnuuunedinl
uiwuaUTey 200 Heddns Tnefiduiiuguinanned 25 Jaduwns LLavmfmamaauu
500 fadng ‘mmsmaaaLwﬂmiﬂsuﬂaUWuaaﬂamumﬂianaanimfl‘uama Arfianain
nsmeaadluy C18 Sep-Pak Cartridges #® Fomaduiuasatn 4 wWesiduddwiinde
Usines  Ieevmsinwdatbressninsivavesarsataainudnuyuriuaodut 9
nwszney 3.13 wuiisasnisinaansadiaiuag 2-3 ﬁaéﬁmaﬁamﬁ lﬁﬂ'ﬁaaa“walﬁ
wnadniiLTy LLavlwmaaaﬂmmwmﬂm 3 fiaddnsmounit ienYeuaz 78.71 Maamﬂuuw
Snsmslvaansailutag 3-5 fadanssoutt Jovazualdunadnanasesranniiesan e
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& g é{ n.y/ L% q; ] 1 .Y @
veslnalndauniinanniuy ANuuveIturedlnasaufgaduIzuNas inlngnsinsgadu
1% 2 - U
Wnfud dstuansgnaedudiulvgdshiunsiinginswesigedu uiiadeunesnainasauy

88195903 (M3gatu, 2552)

100

= <0 73.85¢. 78.71d
<
c 62.03b
& 60 - 54.98a
A&
"= 40
=
(Bé
= 20 —
@
Ay E
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Abstract — Purification of prebiotics by crystallization is an accessible and low cost. That is able to
extend to the higher production level. Therefore, should be the aim of this research is to separate
prebiotics from extract of jackfruit seed using crystallization method. Evaporated extract of jackfruit seed
was crystallized in laboratory scale in order to study the effects of crystallizing temperatures and mixing
speed on crystallizing yield. The work found that range of crystallizing temperature of prebiotics is 55-64
'C (by using Differential Scanning Calorimeter) and the best temperature to obtain the highest percent
non-reducing sugar is 58 'C. Moreover, percentage of non-reducing sugar increases with increasing
mixing speed and the best of mixing speed is 100 rpm. For higher than 150 mixing speed show lower
amount of non-reducing sugar.
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1.7 Introduction

The jackfruit (Artocarpus heterophyllus Lam.) is a
species of tree in family Moraceae. It is native to India
and grown wildly many parts of Southern and Southeast
Asia, such as Bangladesh, Burma, Sri Lanka, Malasia,
Indonesia, Phillippines and Thailand [1] including
Brazil and other countries that there are humid tropical
and near-tropical climates. In Thailand, we can find
Jackfruit all year round and the best time to find it is
around the end of rainy season in October or November.
The green fruit is cooked as a vegetable. Additionally,
the ripe fruits are normally eaten fresh or used in ice
cream and also processing into canned and snacks
products [2]. The residual seeds are mostly discarded.
Previous research found that the jackfruit seeds
contained phenolic compounds [3] and about 6.03 mg/g
extracted non-reducing sugar [4] that is Prebiotics.
Prebiotics are non-digestible food ingredients. It is a
part of oligosaccharide and non reducing sugar that
stimulate the growth -and activity of bacteria in the
digestive system that beneficially affect the host by
improving its intestinal microbial balance. Prebiotics are
carbohydrate. The composition of food classified as
prebiotics include oligosaccharides and polysaccharides,
such as fructo-oligosaccharide (FOS), galacto-
oligosaccharide (GOS), inulin and xylo-oligosaccharide,
which are non-reducing sugar. The structure of inulin
and FOS are shown in Fig. 1.

HOCH; HO-Coey

Ho . CrgOn, on

(a)_ R ()
Fig. 1. Structure of inulin (a) and FOS (b)

~ Prebiotics can be obtained by extraction from plant
" or synthesis. However, verifying prebiotics is more
complicated, non-reducing sugar and molecular weight
of oligosaccharide have been considered instead in this
work. S
Should be .considering only non-reducing sugar,
previous work [5] found that the optimum condition for
maximizing the crystal of prebiotics from an extract
jackfruit seed was at crystallizing temperature of 77 'C
for 60 minutes without mixing process.

In our work, the investigation of effect of
crystallizing temperature, mixing speed and rate of
cooling on the crystallization by consider amount of non

reducing sugar and molecular weight have been studied.2‘3.
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2. Materials and methods

2.1 Materials and chemicals

Tongprasert-jackfruit seeds were used in the
experiment. Fresh seeds were cleaned with water and
grinding before sizing by sieve shaker. 95% Ethanol,
sodium hydroxide and concentrate sulfuric acid were
purchased from lab-scan analytical science (laboratory
grade, Thailand). Sodium potassium tatrate and sodium
carbonate were purchased from Ajax Finechem Pty Ltd.
(NSW, Australia). D-glucose anhydrous and gallic acid
were from Sigma-Aldrich (Steinheim, Germany).
Sodium sulfite and Folin-Ciocateu reagent were
purchased from Merck (Darmstadt, Germany). 3.5-
dinitrosalicylic acid was from Fluka Chemie (Buchs,
Switzerland). Phenol was from Fisher Sciencetific
(Loughborough, UK).

2.2 Method extraction of prebiotics

Fresh seeds were cleaned with water and grinding by
blender to size of 1-2 mm. The seeds were extracted
with 50% ethanol using batch extractor. To concentrate
the extract solution was filtered by vacuum filter
(SIBATA: Circulating Aspirator WJ-20) and then was
evaporated by rotary vacuum evaporator (Buchi:
Vacuum pump V-700).

2.3 Crystallizing procedure and conditions

The concentrated solution was heated to 80°C for 10
minutes and then decreased this temperature to the
desired temperatures with cooling rate | "C/min at
mixing speeds (0, 50, 100 and 150 rpm). The
concentrated solution was crystallized for analyzing.
prebiotics. :

2.4 Analytical techniques of prebiotics

The previous related research about analysis melting
point and crystallizing point by DSC has an indistinct
result. Therefore, this research study is-performed the
laboratory in new temperature range. Sample of crystal
is prepared by crystallizing the concentrated extract
solution at 61°C, next the sampled was analyzed by
DSC to verify the melting point and crystallizing
temperature. The result showed the obvious range of
crystallizing temperature graph. Consequently, this
research has extended for new range of crystallizing
temperature. GPC method has been test to verify the
molecular weight. And non reducing sugar (NRS) have
been tested for total sugar (TS) and reducing sugar (RS)
by Modified phenol sulfuric method [6] and Modified
dinitrosalicylic actd (DNS) method [7], respectively.
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Table. 1. Show the werght of crystal with mixing speed
And temperature

Temperature Mixing speed (rpm)

(C) 0 50 100 150

55 0.140 0.104 0.194 0.144

58 0220 1 0.118 0264 0153

61 0.125 0.152 0.121 0182

63 0.197 0.090 0.117 0.235
Crystal weight (g) 0.682 0.464 0.696 0.714
Total solid (g) 30 256 284 312
Crystal weight 0022 | 0018 | 0024 | 0022

Total solid

3.4 Effect of operating parameter to weight of crystal

Studying about operating parameters including
mixing speed and temperature was shown in Table. 1. It
express the ratio of crystal weight to total solid which
explain how much crystal generate per total solid. The
result shows that crystal weight/total solid the maximum
is 0.024 at 100 rpm then we can conclude that this
mixing speed can create the most amount of crystal.

3.5 Molecular weight of prebiotics

From GPC, Fig.4 the shows that the molecular
weight of crystal sample is about 1367 which is in the
same range of oligosaccharide {8].

802
5¢0
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. Fig. 4. Analysis of molecular weight by GPC.

4, Conclusion

The purification of prebiotics by crystallization
process was investigated. The two factors affected

4] S Nualla-ong, P.
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crystallization were temperature and miking speed.
According to this study, the highest percent non-
reducing sugar was obtained when using the mixing
speed of 100 rpm at 58C.
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