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Abstract

Project Code: MRG 4880086
Project Title: Study on extraction, composition and functional properties of Yanang extract.
Main researcher: Jittra Singthong, Ph.D.
Mentor1: Asst. Prof. Suwayd Ningsanond, Ph.D.

School of Food Technology, Institute of Agricultural Technology,

Suranaree University of Technology e-mail: suwayd@sut.ac.th
Mentor2: Adjunct Prof. Steve W. Cui, Ph.D.

Food Research Program, Agriculture and Agri-Food Canada, Guelph, ON,
Canada e-mail: cuis@agr.gc.ca

Project Period: 2 years (June 2005-May 2007)

The aim of this study was to optimize the extraction process of gum or hydrocolloid from
Yanang leaves and charactering its compositional, structural and functional properties. Yanang

(Tiliacora triandra) is a vegetable and used particulary in the cuisines of the northeast of Thailand.

The optimized extraction was solid:water ratio 1:6.6, temperature 85°C and extraction time 100

minutes. The major constituent monosaccharide of Yanang gum was xylose and small amounts of

other neutral sugars. The dominant structure was established as B—(1—)4) and B-(1—)3) linkage
using methylation analysis and this structure was confirmed by FT-IR. The FT-IR spectras of Yanang
gum was similar to that of xylan. Increasing in Yanang gum concentration increased viscosity and gel
strength. Viscosity was decreased at high temperature. Yanang gum also increased viscosity and gel
strength under acidic condition (pH 3-5) whereas viscosity and gel strength decreased at pH > 5. The
addition of NaCl and CacCl, significantly decreased viscosity and gel strength. In addition, the presence
of sugar increased viscosity and gel strength with increasing sugar concentration. Yanang gum
exhibited shear-thinning flow behavior and the extent of shear-thinning was concentration dependent.
The mechanical spectra of Yanang gum at low concentration (0.5%) was typical of semi-dilute to
concentrated solution. However, with increasing concentration, the solution tended toward a weak gel
behavior. Using Yanang gum is a stabilizer in chocolate ice cream. The results showed that Yanang
gum at concentration 1% is accepted by panelist from sensory evaluation including color, odor, favor,
appearance, texture and overall acceptance. It was not significantly different from carrageenan that
was a commercial stabilizer. Furthermore, Yanang gum gave a suitable viscosity and %overrun in

chocolate ice cream that were effective to get a smooth texture and retard recrystallization.

Keywords: Yanang, Tiliacora triandra , Xylan, Gum, Hydrocolloid
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RRNRBIRied (WA 1) awewadlusnd 5-10 EUGNAT 1119 2-4 1 TuAlwes vauly
=1 £ ~ a r=| A =1 =3 | ) g; 1
3o Mulusdszinm 1 1[Fudues sanaanfnfeslzwmain sanidutesusg e
lu wanawlng Weourdedmdy waalulfd drwaduianwuluundissrumausim
nauRaall thesdy wazthldssluniaaziuaanidaaniia uNInIaawARNIZANEN 1L
1 | =} dlcg/ =) a v > U =3
mmuﬂuwmmﬂu@unmm Lm:ﬂgﬂvl,@nﬂqg] mmmwuﬁ@almﬂmwu,l,azﬂm,ww:ma@
(Smitinand & Larson, 1991)
a ) ' S~ YA a A Ao = ° v @
Faswktianludan lunAdiawein Il Tl an e nhyILazyin launy
%ﬂavlﬁﬂguﬂmmmuavlﬁ vﬁasqﬂﬁuavla]’ vr9uriain ldunenuaman  ssinaudwsldls
WNIURL day waznun daduwa1nisdsuanaly uanmnﬁfuﬁ'\awmﬂummaﬁqmmma
R1TAIMIT LAULAWIZENIULA LI LaRLT W LATTIALAAN luﬂ%mmga FIUNNLIWN §
s 6 a [} Aa A a e . A A aa e - 6a A
gseamasuanauTie 1w Asaladu (Tiliacorine) AGuladiu (Tiliacorinine) uasnisula
591 (Nor-tiliacorinine) tJudu v1thudnlsnngrwsanduaauinalfiduenuinsuazwd b
aunnofia 1w ldwia 148an8la udu (Mahidol, Sahakitpichan, & Ruchirawat, 1994
wae Wiriyachita & Phuriyakorn, 1981)
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a & A Ao & o ' A a wn ' o A o
VAN nRIaNan et uiag nuudazsiaasiiguauiauanedani avin T wauasle
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1. NMSLAIYNINDAL

lughws (Mudl 1) Teanamasa dunanIuiinu wiaguanmil \ian
wnanzluguaun aausnlunuinFelasiedaanduie ssianuszena Aeliazidaiin
nnuwih ldeuieaadianmanududiuiaiasauauia (hot air oven) Ngasnni 60 a3en
wados 1unan 3 lus Aldian hlduadunsuszuislugggameaiieinly
= a o & ]
Anvispauda’ly

° 1 A [l A a Ay a 6 a nﬂq’ v

ihlughuweneunmsauiisaadSunamanuduanieszrmdSnmanads @0

Tus@w lusin uazitialy auituas AOAC (1997)

2. NSTUIBNISANA

inluguwnafidumseuieantSinmanuiunands 1 ananaseiiazain laod
Tasslunsanen 3 Jady laun

- Sanaweslughwseuuisdatii 3 ey da 1:5, 1:10 waz 1:15

- qmﬂgﬁlummﬁ@ 3 320U fa 25, 55 Was 85 aIFLTALTUE

- szmznmlunisane 3 se6b @ 1, 2 uay 3 T2l
1a8NILNUAINARBILLY Central Composite Design (CCD) (Myers, 1995) 61'\‘1@1’1‘5’1\‘1"?'1' 1
uaz 2 mﬂifuﬁnmuwauaﬁ'ﬂvlﬂLmﬂmﬂI@Umiﬂsaumuqmvtywmﬂ (vacuum filter) U@
Lﬂéaaﬁul,%filmmmﬁaga (Centrifuge) lagldanuisrsay 9,000 saudauwfi (rpm) iu
LIa1 15 WA ﬁqmﬁgﬁﬁaa Wousnswlauazmn shawlalinlwidutu Tagnsuonian
ﬁywaaﬂﬁaUm'%f'aas:mmuuqrym;mﬂ (rotary evaporator) lagtSunasfiszinalyzanm
aseniinaslSinastenszme  udnhlianaznaudrsanmueaduiuioss: 95 laold
USNasiansmes 3 Winvassingwsiszmeled felsdudn  shaznoudilelvinusde
Lﬂ'%aaaml,ﬁaqtyzyﬁmﬂ (vacuum oven) ¥ lJUAKAZHIUAZLATILENLUBS 100 2U1@ 0.0059
‘f:’.l (US Standard Sieve Series, ASTM E11 specifications, Dual Mfg Co., Chicago, USA)
aldmanatinntunielalaseaasasdainluinwms  aniwinlSenesimdSanm
HARA® (%yield) Auwila (viscosity) Seta3asinnIunila (Brookfield Viscometer model
DV 1I') wazanuudousivedian (gel strength) ersiaiasiaanuwuziftasuda (Universal
Testing LLOYD model LR series)



idayafldundianzidnisada laolslusunsuduiagy Design Expert 6.0.10
LNARIRNN MR NERNAIRIUMIENAFNTU Iz IANN UKo lalasnaasauaainbutiwig lay
LRONINNZNIIRNAN IAHANES ANURLA LLaxﬁhmmLLﬁaanaamaga W lTluniy

NaaaITWa 1

(9'1’13?’1\‘1“71' 1 @129 code level 14 Central Composite Design (3 ﬁ%’«?&l)

Treatment Code level
SANEIUE WA NN qmﬁgﬁ (°1) hl! (%L';‘[m)
1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
13 -1.68 0 0
14 +1.68 0 0
15 0 -1.68 0
16 0 +1.68 0
17 0 0 -1.68
18 0 0 +1.68
19 0 0 0
20 0 0 0
WANBLAG): -1 = 32@udh (lower level)

0 = JzAUNAY (center points)

+1 = iz(ﬁ"]_lg;m (upper level)



I 2 UWNBNINARBILLL Central Composite Design

Treatment a3y
SANEIUE WA NN oDl (° ) hl! (%baim)

1 1:5 25 1

2 1:15 25 1

3 1:5 85 1

4 1:15 85 1

5 1:5 25 3

6 1:15 25 3

7 1:5 85 3

8 1:15 85 3

9 1:10 55 2

10 1:10 55 2

11 1:10 55 2

12 1:10 55 2

13 1:1.6 55 2

14 1:18.4 55 2

15 1:10 5 2

16 1:10 105 2

17 1:10 55 19.2 wf
18 1:10 55 3 Tlud 40.8 Wil
19 1:10 55 2

20 1:10 55 2

3. msﬁmsnaﬁﬁﬂsxnauwm LA

Mastszinnnunia lalasnaanasanana leaInnISUIRNNIFNANANIZ UGN

2 AATEAMUINIMANNTY LT awiTed AOAC (1997) USunmldsfu  (NX6.25)

GT’JEJL@%I'EI\‘] Automatic Elemental Analyzer (ThermoQuest ltalia S.P.A. EA/NA 1110, Strada

Rivoltana, Milan, ltaly).

USunmihenaninae (Total sugar) LLazﬂ%wwmﬂs@gISﬁﬂ (Uronic acid) #2833U89

Dubois et al. (1956) waz Blumenkrantz & Asboe-Hansen (1973) MNBIAL




Usmnmluluusaa lsdniaianaluianai@s (monosaccharide compositions) 1
79U89 Wood, Weisz, & Blackwell (1994) @18i1a384d Dionex High Performance Anion-
Exchange Chromatography (HPAEC) system (Dionex Canada Ltd., Oakville, Ont.,
Canada) f1LA389a7737AULUL pulsed amperometric detector (PAD) lagaz¥inmisialasla
FadatniianIadania (H,S0,) [udu 1 luars Ngannd 100 aseoaiFos iluna 2
Ly A e & Faee a o v o N
T luaialilaluluuonanlsd annuisliiin 13991987850 Na% NIBIEULEHUNTBIVUG
045 luasen newihludanneeanyt edienzidSunaluluusaa lsdiisunusns

AW

4. n13ANE 1 AIIFIY

4.4 mafinmlanaidisniasyiieamauanesy Sunrsamunlniliaas
(Fourier Transform Infrared (FT-IR) Spectrometer)
Qs L =) 6 1 v a U 1
sanadsziannanialalasaeaassaanlugnwe louawnemsen 3 oia laud
"Lsml,aumnﬁmgﬂ (beechwood xylan, x4252) "Lsml,aumrm%g@ (birchwood xylan, x0502)
waelouauannldamuart (oat spelts xylan, x0627) 31n Sigma-Aldrich Co. (Steinheim,
Germany) #h@adnd 4 s wevuisusznivlilulngaanuunioumsiienzidan
1A384 FT-IR Spectrometer (FTS 700 FT-IR spectrophotometer, DIGI-LAB, Randolph, MA)
lagltunasiniiauasdunsnisaann Golden-gate Diamond single reflectance ATR ¢
a @ a a & A & @ wad a
LAIDIANTINIALRIDUNINIATUALNDTURALNALADT (Thermal detector) I@Ua']ﬂﬁlﬁ&]ll@]'ﬂlﬁn@
dl o A v a A& a A &
ﬂ”I‘JLiJaEJuLL‘lJadﬂ’]dﬂdﬁuiauﬂladmSL&JavL@ﬁULLa\‘iauWT]Li@ LLUUVLWIiaLﬁﬂﬂjﬂ@LﬂﬂL@]ai
(Pyroelectric detector) lagldasdineisalasinadusaing (DTGS detector). laatiuiin
o ' ' ° { -1 . .
ainasuluglrenaneszninsduwinaa (wave number) 4000 — 400 cm (mid infrared

. A . -1 ° [V . . af
region) NNI3LEN (resolution) 4 cm  LLAERWNY 128 scans il signal-to-noise ratio @V

4.2 midnwlariasae3tiusaiasi (Methylation analysis)
iatdssiannunia lalasnassasanana launazanaluiinan LRZHIWANT

wunenudaunslwinnawdwian 3 ﬁqmmgﬁﬁaa I@mﬁamaﬁﬁ’mﬁfﬂimaqa 8,000

ARG (Spectra/Por® RC membrane, Spectrum Laboratories Inc., Rancho Dominguez,
CA) Mniurutidaetasrnuiiuuussfie  (freeze  drier) 1henagned ldunrinns
TR lATIR IS TIUT LT M1NAT89 Ciucanu & Kerek (1984) laafimisauilas
LhbeH ﬁn@“hasj’mﬁ"lﬁ”tﬂauvl,a'mwu%mmnﬁﬂﬂﬂn@@mmﬁuﬁﬁwaaWa%’mwumn‘lsﬁ@T
(P,05) Lﬂ%éf’;@@mm“ﬁuﬁmﬁu niuazaesagnsluasazany  anhydrous DMSO 7

a = & < a | oA o \ A
aqm%ﬂu 85 DIALTRLDUR LﬂuL’Ja’] 2 °H'JI§J\1 Iﬂﬂuﬂﬁﬂuamd@]ama{l LLEIZW]VLIJNW%LWJB\‘]
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é"uéf'smﬁmﬁmmmﬁaga (sonicator) e 2 Falug Lﬁalﬁé’aaamazmslaamauyini
MNUWANRI sodium hydroxide (20 Iaan3u) AwslaaNuTw waz methyl iodide (0.3
EREGR) I@ﬂﬁmmuammmﬁaaﬁqmﬁnﬂﬁﬁad 11 partially methylated polysaccharides
luanadae methylene chloride waznIaIH1% sodium sulphate column arndain wazvin
wisaelamalulasiaw ¥ dried partially methylated polysaccharides lulslasladee
n3@ trifuroacetic acid (0.5 VaRaM3) ANNTNTH 4 lwas Tunasananssfidasin 7
gunni 100 asrmaiBoa (uiian 6 T lus Mnswinuismeldmalulasian dased
ldazgnifadeny  deuterated  sodium  borohydride wazvh e maziofisad
(acetylation) 6128 acetic anhydride (0.5 Na8a73). §1I8zA18VaY partially methylated alditol
acetates (PMAA) ﬁ]:gﬂamﬂ"uﬂ%ad Gas Chromatography — Mass Spectrometer (GC-MS

system, ThermoQuest Finnigan, San Diego, CA) Nlfnaauil SP-2330 column (Supelco,
Bellefonte, PA) 1#1@ 30 X 0.25 Aadluas w1 0.2 lunsaw ‘ﬁ“ﬁaaqm%gﬁ 160-210 84
LERLDE) SI8AAT 2 aIA LRI /WY LLa:ﬁ'maqm%Qﬁ 210-240 2IALTALTE AILDAT
5 aamaalTur/ng uwazdanuintasuNaatdnlniliees (MS) lasiinTadnTiaiauuy ion

Al' 1 A s £ % o A ral'
trap MS detector iNaTalunsingulasianananvasansussannunislalasnaaaasan
gna laannlug1w

5. NISANHIANT ALBIRWIN

5.1 ANNa (viscosity)
o o oA ed o Y . = YN
'Ha’]a’]il]izl,ﬂ'ﬂﬂ&lﬂiﬂvlﬁiﬂiﬂﬂﬂaaﬂ@‘ﬂaﬂ@‘l@'ﬂ’]ﬂlﬂUquqﬁwqﬂﬂjﬂ"] ﬂma“ﬂ@]@"lu
A A o Ao A v A ¥ Y 6
ﬂ']']&l%uﬂi(ﬂUW"i]'ﬁm’]ﬂﬁ]"ﬂf_lﬂllNﬂLﬂU'J"Ua@ )] ﬂ':nllL?ll]?lu“llﬂﬁﬂ’ﬁvl,ai(ﬂSﬂaﬂaaEl(ﬂ'ﬁ]']ﬂlll
g gl anaudunsa-dng eH)  uealBouaaalid  Indouasalid uazany

v v :’ v { a . . +
Wadupasiaa lagldiaIasiaainuniia (Brookfield Viscometer model DV II)

5.2 ANUTILTIVILIA (gel strength)
o o A o‘n:i s v 1 = A v
aTdssiAnnunIa lalasnaasatdNana laanlug I @n s AFNUAMU
AMNUTILTIVBILAR AN TN NANALN LI T D fa AN UTHURIENT LalaT
6 1 I g =) 6 = 6
AEARANNlUEIWY  anUdunIa-end pH) LAMTENARD G LTGuNARE 136 LAz
ANMUTNTUVBIENIANS SBLATaIIaaNu Ul haaUNE (Universal Testing LLOYD model LR

series)



5.3 @mzmﬁ'ﬁ@”mnsztmﬁwm (rheological properties)
anewnanssunsmanasensdssinniy wielalaseessssdnanaldanlugiwg
I@ﬂ‘l‘*fm'%'aa'%‘[aﬁma% (ARES controlled strain rheometer ,TA Instruments, New Castle,
DE, USA). lagldviiauuy parallel plate geometry (50 mm diameter, 1.0 mm gap) ¥i1n13

1AN9 steady shear flow Waz oscillatory measurements

6. mMylszana 1%L asnw

=< A ° o ' o o A
AINMIANBNEIWIT N ANIIUINEIaNal T NN U lalaTAaaaa L@ bkl
HNUITILLNNANATS  LASRINIIDLAALIR L6 é’aﬁfuﬁaﬂixzqm@l“lfﬁmsaﬁ'mnﬂluzhmal,ﬁa
FAUNNAMUAIA LNRAN TN Lo AN T W UL UAURITIANANNAIAINIINITAN

(carrageenan) NITluNAaA A loan3y

6.1 &unauvadlaaniy (Uszynedann Marshall, 2003)
1) EIUKFNVDS loAnIT

1. vhmala 500 NaRaAT

2. 5Utlsedu 288 3%

3. hananmeen 150 nsu

4. §1IAANNAIA?
4.1) AMINAUUB 0.25, 0.50, 0.75, 1.00  n3W
4.2) s1sanaanlugiung 0.25, 0.50, 0.75,1.00 5w

5. 'luuas 2 o

6. Tanlnuaa 10 N34

7. walnld 5 n3u

8. LNfd 0.1 N34

Tagldsslwanuasdranlugiwefivsanmionss 0.25, 0.50, 0.75 uaz 1.00
WIsufiauAumslgansiianuasanIn1ansan (auun) Usunuieuar 0.25,  0.50,
0.75 uaz 1.00 I(ﬂUlfgmi%aﬂIﬂLLa@I‘ﬁlﬁfi’]La&Iaﬁu

2) shamnavaasnadlandouasluasln Tasldwda 2 4w e lwanusauruin
TOUUAZAUANDALIA wvl,cﬁqm%gﬁ 50 B4FALTALTHR

3) duswnaNusadly auliidntu uazazanealwiaidoiu

4) Ejulﬁﬁ”auﬁ 65 avenLraldos uaunlandastunan (Blender) ldausigiga
Uszanms 1 wid (dnliuasaslugasi)



5) wastwnasndoley mseedlssn 63 aseaaifos Wwan 30 wi udarinla
LEWNUNAIBMIRAaLEY

6) hlUSadenuniiadiseiasiannuniia (Brookfield Viscometer model DV
I mﬂﬁf’uﬁﬂﬂLLﬁLﬁulugTLﬁuLﬂunm 24 139

7) tudrmeiastuleania lasUdeslhadesdulliSen amm’%'amyuné'uvlﬂ
NRLAN waadInlaanInudaaauan

8) Yaf1 % Overrun anuwinlaansuluugudszanm 3-4 9 luainull laansa
dzudadann

9) @wItk % Overrun

% Overrun = (U301 3084 loanTu-USuNasuadaIuuas) x100

YIUATVRIRIUNEN

10) NARAUNIUTTIMFNNT lasnagaunssaniy 355ladin (Hedonic Test) 14

;jmaau%u'{hmu 25 A

6.2 NITINUNBNITNARSY

o v d' U a 6 aa o <

mma;&aﬂvl,mnﬂmimaadmaLﬂmwmﬂﬁaaml@ﬂ‘*ﬂﬂmmummgﬂ SPSS for
Windows Version 11.0 lagiilutn1INaaadiuy CRD NaAnHUSN At RINE auT0981T
Twanuasaranlugrwalunisvinlaansufaalnuaauazibosunsloaniy  lagldznylw
aMNAIAN U TwNYIIN I asa: 0.25, 0.50, 0.75 Waz 1.00 WIguiaunumsltans
IWanwasdimamId (a3uun) dSanasasaz 0.25, 0.50, 0.75 waz 1.00  lawldgns
FanlnuaaNadaNanh ¥ININARAINIRNA 3 F1 MTILATERANNLLTUTIN Lasnagay

AMNLANANVaIALaRslasAT LSD NYzauanalTaNniasas 95
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a 3
AANIINA[DILASIINIIIMHAANTITINA A DI

1. NILUIBNITINANLANIZEN

1 dl 1 1 d‘i/ a a A‘y k% a L ﬁl
lughuwafidiuniseulaanudw SUsunaausu i1 Tusaw ludw wazidale
(total dietary fiber) Jo8iaz 10.42, 8.96, 10.04, 2.66 A% 68.30 ANNRIAL IINWH
nsanEInszuIwMTEnaasUstiAnnunIe lalasneasas@annlug 1 u1IaIua1Ten 2
o wan A v A a a . A . . !
msanaseuguautaiiesdn e UTuNHanEa (%yield) anuwila (viscosity) Loz
ANuLdILsIvadLaa (gel strength) tNaltlumsiaszimanizimanzanlunmsanalas
AFNIZNTINANANICRNUUWILF DI AUTUNUNANRD AR WASAIANNLTILTIVD
AN oo A
1989 HAN ldaaan 9N 3
dll o v dl v n; o a 6 d' [
Weihdayanldanansn 3 snsdensdmanniziunzaslunisaia
lavlgldsunsniiaszdinnealid  Design-Expert 6.0.10 Aiavizieananlugtvasaniizf
WANNZRY (optimized  condition) WUIN&ANIZALANNZANVBINITANA A BATIEIUVDI U
. o 42 Aad o a ' A o A
tuveuuidain degangiinltlunisania (esruoaidos) dananflilunsana (wif)
{ & { o Q { Q 1 v = Q 1
1 1:6.6 : 85 : 100 TalavnmsanananzaInanliasanadssiannuanlugiusle
USinaiann uazlidnanunia uwazanuudusavedias gallaSouinounuan1izauy
AIRNNNT
%Yield = -1.19885 + 0.24383"ratio + 0.035527*temperature + 0.021424*time
-3 .2 -5 2 6, . 2
- 3.30624*10 *ratio + 8.88649*10 *temperature + 6.99380*10 *time
3, B,
-2.19167*10 “ratio*temperature -1.32917*10 *ratio*time
4 2
- 1.17361*10 *temp*time (R = 0.7952)

Viscosity = -3387.79421 + 426.08568"ratio + 58.16183*temperature + 23.89365*time
-20.03240%ratio - 0.38573*temperature” - 0.11025%time - 1.24450*ratio*temp +
0.35202*ratio*time - 0.038440*temperature*time (R2= 0.9695)

Gel strength = +0.44356 + 8.50919*10 *ratio - 3.66523*10  *temperature
+ 6.28345*10 *time - 1.50135*10 *ratio” + 6.43246*10  *temperature”
- 9.62905*10 *time"- 1.6716*10 *ratio*temperature + 1.83633*10  *ratio*time +
1.42361*10 *temperature*time (R°= 0.6214)
Tag ratio Aa samsiuvaslugwsanusiasatin
temperature f@ qmﬂgﬁﬁiﬂuﬂﬁsaﬁ'@ (BIFLTALTHR)
time fa szoza Al lwmyania (W)

10



A1319N 3

USUNUNANES (%yield) anunita (viscosity) WazA1ANNLTILIIVBILAE

(gel strength) VBILGRZRNIIZTNITRAA

Treatment %Yield * SD Viscosity (cP) & SD Gel strength (N)XSD
1 1.73 £ 1.2200 264.00 T 4.86220 0.48840 1 0.0032
2 1.18 £ 0.8344 366.40 = 14.0627 0.27492 £ 0.0101
3 2.79 = 1.9728 706.67 * 1.15470 0.62133 1 0.1428
4 2.24 + 1.5839 181.67 * 2.61020 0.23291 £ 0.0122
5 2.98 * 2.1072 135.60 11.05830 0.29535 * 0.0057
6 2.15% 1.5203 779.73 £ 5.20510 0.22759 = 0.0119
7 4.51 £ 3.1891 420.80 T 4.45420 0.36389 1+ 0.0117
8 1.05 £ 0.7425 198.93 =+ 6.21400 0.27047 £ 0.0269
9 2.56 = 1.8102 1588.53 t 4.40610 0.39189 & 0.0082
10 2.02 * 1.4284 1434.671 102.104 0.32598 1 0.0000
11 2.45 1 1.7324 1623.33 1 7.0238 0.4188 X 0.02730
12 2.15  1.5203 1842.00 £ 8.0000 0.45614 T 0.0205
13 2.39 * 1.6900 303.20 % 0.00000 0.24346 1 0.0049
14 1.44 £ 1.0182 272.27 £ 2.01330 0.34493 * 0.0294
15 2.00 & 1.4142 872.67 X 14.5717 0.39165 T 0.0084
16 2.75 X 1.9445 572.00 & 2.00000 0.736551 0.0492

17 2.22 + 1.5698 869.33 = 6.11010 0.24672 1 0.0035
18 2.22 + 1.5698 293.87% 1.22200 0.35790% 0.0053

19 2.33 = 1.6476 1688.67 £1.15470 0.32206 1 0.0009
20 2.01 £ 1.4213 1736.67 = 1.15470 0.33897 * 0.0042

winog Aadstandosuuinaiau

NFUNITRINITANIUDIANT WAV DS AATEINVAILEN WIS LR IG i
qmﬁgﬁLLa:L'smﬁl*’ﬁ'Lumsaﬁ’@ﬁﬁwa@iamﬂ‘%mmwawﬁm ANMUABA  LRZATANNLTINTI
2a9198 WlnAamsle asuaaslunind 2-10 Saugasluanmwuenstn 3 8@ uaz 2 §@ (3D

surface plots Wazcontour plots)
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NMWA 2-4 URAINATBISATEIN  AAnnd LAzIAT M NITRNAA A1 LS I T

NAKAA LOSNINN 2 LEAILWI LN IUSNIMNANES e rua A aaI I UNIINAAIN
dl 1 nﬂl L Al J o v A a a v Al J =%
7 1:6.6 wuinlananluwnIan AN wiN IRUS U N AN A AR W [N L NN LLazqm%{]ulu

> n' é’ o v A a a v nl Cg/ dl a U
MIENALNNT AN IRUS U N AN A AT 112 [N L NN degmwpiigannni1 85 asmn

= o v A a = v A' J { v a a
EraLE sy LS I AN R L AT AWN 3 WRAILW LNV aIUS NI LNANRE
Lﬁaﬁmmlﬁqmwgﬁlumsaﬁ'@mﬁﬁ 85 DIANLTALTUR WUIN LUBDATEIBEIWIIGAIN
AI 3’ ) v oAa a a v dl dll Qs A' J o v A
LR LS AN Ea LW LTNaaad  waztiaan i Ianai st nasyin lvySunm

a a & P ') ~ a A o o o A A
NANRALNNTY MW 4 waadnwd lituraddSunmnanda tlatnwaldtaalunsanaasii
100 WA WuTeaTEIBtIwaatinlunITaNanaaaInlut I wIsauuwIdalin liAn 1:8
a:ﬁﬂﬁ”lﬁﬂ%mmwawﬁ@ﬁgo muqm‘mgﬁﬁﬁ]ﬂﬁﬂ%mmwawamg«a ﬁaqm%gﬁ‘lwﬁ’m 60-90
AIFLTRLTLR

IS

= (.559
0.851
= ggg? 114
1144 1437
1437 1729
179 [J202
J202 2314
2314 I 2607
I 2607 | Il 2689
I 2899 0 3
319 000 n % & 5 @ 7 g o Maoe
I above

Temperater(deg c)

MNN 2 n3 W 3D surface plots WAz contour plots LEAILIIENVIUSI UHAKNER
(%yield) Warmuualdaanaiulunsananinn 1:6.6
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(CANSVN

133
1338 I 1679
I 1679 20
o0 2362
2362 12703
2703 L1304
3044 [ 3385
I 3385 3727
R I 4066
- 4,068 0 I 4409
I 4409 0 2 4 6 8 10 12 14 16 I zbove
I above

Mwh 3 N3 3D surface plots LAz contour plots uaaduwIliNvaIAUS N NANES
(%yield) Wariwualigunpiilunisananini 85 asaiaaifos

o
4 2
9 k=)
% 5
z ©
[
=t = 1274
5 15%
= ]é;ﬁ = 17
2054 2314
231 2574
o I 30%
3614 o 2 4 6 8 10 1 @ 15 Mo
I above

Mwh4 nnw 3D surface plots LLRs contour plots wEaduuI LA USNIINANES
(%yield) Warwua liIaNaINn 100 wn

13



[ESUSCSS R UON

I 131,986
I 131,986 I 263,973
I 263973 [ 395.959
[ 395.959 [ 527.946
[ 527,946 [ 659.932
[7659.932 1791919
1791919 [ 923,905
[ 923.905 I 1055.89
I 1055.89 rem I 1187.88
I 1187.88 0 I 1319.864
I 1319564 0 0 2 N & % & 7w u g Mdoe
I above

Temperater(deg ¢)

o 5 . '
AWN 5 3N 3D surface plots Waz contour plots waaIww luvaIaAunila e
frualraaTaIwaINg 1: 6.6

£

g

a

g

7

()

3

I 119.018

I 119.018 I 238,037
I 238,037 [ 357,055
I 357.055 [ 476.074
[ 476.074 [ 595,092
[ 595.002 7441
71411 [ 833129
[ 833.129 I 952147
I 952147 I 1071.165
I 1071.165 0 — ] I 1190.184
I 1190.184 0 2 4 6 8 10 12 14 16 I ahove
I above

A o \ A d
AWN 6 NI 3D surface plots Waz contour plots waAILWIITaIANANNnile W
r‘immlﬁqrmgﬁmﬁﬁ 85 DIFLTALTR



(S RNSODSUN

WA 7

GOt NS O

NN 8

)
80
10
‘ 60
‘ s
(o]
h | ‘ N/ ?';50
Q
"’l N T
540
Q
W :
14903 )
I 298064
B 447007
[ 596.129 il
[ 745.161
] 694193 "
[ 1043.225
B 1192257
M 134129 0
149032 0 2
M above

| I 149032
I 298,064
B 447097
[ 596.129
[ 745,461
[]894.193
{ [ 1043.225
I 1192.257
I 134129
I 14903

& 6 8 0 2 w1 Mo

A3 3D surface plots L&z contour plots WAL LHENVBIANANNRILA LD

AU IRLIRIAINT 100 W7

I 0091
I 0182
0273
[ 0.364
10455
10545
[ 0.636
0727
I 0518 0
I 0909 0
I above

N3 3D surface plots Waz contour plots

A o v . A
VBILIR Luam%u@'lmmwmumﬂﬂ 1:6.6

I 0,091
0182
0273
0364
| 30455
0545
0636
0727
I 0818
I 0.909

n on % & o 0 7 g o Mdoe

Temperater(deg c)

wEadunI i IAIANNLT IS

15

15
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HAUBIENTIFI% QoAnndl LAZIA LWANTINAGAAIAIMURIA LRAIAIATNA 5-7
TauA NN 5 LEAIWI IENTDIAIANURIA afnualraaTaInKIt I wIIdasn lwnITRNG
A A & ' A A o a & ° o A A o
AINN 1:6.6 axmmwmaqmﬂgmmznmlumiaﬂ@memzmlﬂmﬁwu@uLLuaqu
QI ‘g’ =Y { 1 ) { 1
VAN I@mqm%guﬁmm:am:agluma 35-85 @IANTALTUN ULATLIANNIAZENIL D
11479 60-160 W17 NIWN 6 LIAILWI LENVAIAIANURIA LﬁaﬁﬁﬂuﬂlﬁqmmgﬁiunWSaﬁ'@
o o oA e A & . y
AINN 85 AANLTALTHR WUILLADATIAIWEIWIIADUNNNIINUNTII 1:6-1:12 ALHINALH
= o ' A A ' A ' . A ° Y
Fumiluaasdranunianirnaz s afmna’mmmzamzagluma 60-150 W 221N 1#
VL@Tﬂ"m'mwﬁ@qaq@ NN 7 LRAIL LENTaIA1ANUR AL AR R LALIA1AINT 100
\ { PP \ o Y a £ '
Rty wmnﬁaqm%gmwugomﬂ 30 avaaaldor azlwuni liuaIa R ANNTN ’I%
o ' ' .o A ' '
amwmumaommmau’mmmzauagluma 1:6-1:14
MW 8 URAILWI IENVBIAIANNUTILTIVD AN LR lRdaIEINAINN 1:6.6
1 { a J o v v { {
WUIN Lﬁaqmmgmgwu A AR N LTI TI VIR T LU LEUNAAaY LaZLUaLIAN
' a o = a o & A o '
11NNI 20 WIN ﬁ]:lﬂﬂﬁﬂawuLLmoLLiamaaLﬁmuLLmTuugwu WA 9 LRAILWI TNV aIAN
ANNLDILIIVAILA Lﬁaﬁmumlﬁqmﬁgﬁmﬁﬁ 85 AIALTRALTR WUINDAINRINVDIUN
AOEIUIIUNAADATIAINNLTILIIVDILARWDLNIN LLa:Lﬁanmqaﬂ’h 20 wNAavinlwa
v 1 { ‘2’ { v "
LLquNmaammWLL%&LLiwaamaﬁgwu NN 10 LEAILWI L8 IA1ANULT LTIV
LRALNMIARALAAIIRIAINTA 100 U1 WUIIDATIEIWVBINNG ot WIINNaG A1
LL%@LtiwadmaﬁaUmﬂLﬁuﬁuﬁ'uLﬁaﬁmu@slﬁqmﬁgﬁmﬁﬁ 85 AIANLTALTHR LazLid

a 1 v v 1 l&l l-'-g/
qm%gugom’] 25 831 LﬁiﬂL%Uﬁﬁ]zl% LL%’]I%&J“U 29A1ANNULTILTIVD L’%ﬂLW&liﬂG“ﬂ%

=
S

GLNBLS RS S
Time(min)

o
3

I 0529
I 0576
I 0623
[ 067

I 0529
I 0576
I 0623

=
3

) o717

% 8% O o764

oo o811

' 2 085
061

I 0,906
=gggg 0%
095 0 2 4 6 8 0 2w 1o Maoe
I above

o

mMwh 9 n3 N 3D surface plots LLRe contour plots WRAILWILINVDIANANNLDILT VDI

A o v a dAd ~
LIR L%Jﬂﬂﬁ%%@lﬂqm%{]&lﬂd‘ﬂ‘ﬂ 85 BIFALTRLDUR
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GORBUe NS WS

0412

0 I 0471
0471 033
o5 [ 0589
[ 058 Clos
o7 L0706
CJ0706 0765
076 [ %
W 0e Z e T
052 0 = L
0 0 2 4 6 8 0 1w 1 Maoe
I above

MwWN 10 n3 W 3D surface plots LLas contour plots WEAILUI Lt NIAN AN NUD ST

A o @ A P
VILIN Lwaﬂﬁﬂuﬂlﬂﬂ%’mﬁﬂd‘ﬂ‘ﬂ 100 N

2. agailsznaunisial

snsfimanzavpaslunssnassdiinntunie lalaseaasasdi ldanlugnug
Ao sansmvaslugwnsauusiasein @iaqmﬁgﬁﬁlﬁuﬂﬂsaﬁ'@ (DA TALTLR) doLai
I#lunsaria () 7 1:6.6 : 85 : 100 audIeL NNTWINETENANANENBIRUTZNELNN
0l WAMINAREIIANTIR 3 USinaninananinua s’mﬁ”'anm%ﬂiﬁﬂ fwuluassnad
USunmineas 70 %méﬁﬂﬂﬁdﬁuﬂ%mmmfﬁmaﬁwuluvlfmaumﬂu%g@ (birchwood xylan)
louauanldasiart (oat spelts xylan) wazlouauainiuaaing (cotton seed xylan)
fiBunaminenatouas 72.0, 73.1 ua 75.0 auE1GU (Sun, Yoshida, Park, & Kusakbe,
2002) lousuanuizoge uazlouaunaniudaine axtlsznaudsiinanalalss (xylose) waz
nsaglifia daulowawanldamaan wenanazdsznaudstiianalolsa uwazniaglatia 69
fisineaozdlua (arabinose) LLazﬂgﬂﬂa (glucose) usndsznauaiey &wIudIunm
1%’1(9’1’1&1% wheat straw hemicelluloses 3:AUSuNmSasas 70-80 la Lllf’lmaﬁLﬂud’mﬂ‘i:ﬂau
wanaa henalalss wasdidsznoudeiiaanuanlas (galactose) unwlua (mannose)
nalag  uazaznflus  lutSunoudnien nwﬁz\iﬁﬂ%mmﬂmgkﬁﬁaﬂaz 4-5 (Sun,
Lawther, & Banks, 1996) m‘sﬁﬁﬂ%mmﬁwmahLaqmﬁlm LL@:ﬂi@gIﬁﬁﬂluﬂ%mm
LANGNN% LﬁaammmdﬁmqauLmﬂ@'wﬁ'u unsaFmslumsdessitmansmualmiu

aaluanaiaen  (hydrolysis) dianahanaluanaiaslusmsaiadszinniunialalas
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aaanausfldanlugnmouaessinn i 3 uaznnd 11 legtinanafiduasdisznaunan
da sihanalalss (Gouas73) smaqmﬁaﬁwmang%a (Sawaz 11) Fovinazdumoves
nauAw (glucan) eSS awestinanaaz D lusuazmuaalasfisadnios Taginanan
gasvanluistusassensnlulasiains  (Ebringerova, Hromadkova, Petrakova, &
Hricovini, 1990; Sun & Sun, 2002)

A & a % o A & \
1IN 3 aﬂﬂﬂizﬂﬂﬂ'ﬂ’](ﬂﬂu"ﬂ 9\7ﬁqjﬁﬂ@ﬂizLﬂﬂﬂNﬂiﬂvLaI@iﬂaaﬂaﬂ@ﬁnﬂiu AU

a9fLsznaumaai F1IANAINLULIUN
(Fovazlagsiviin)
ANUBH (Moisture) 7.63+1.32
L1 (Ash) 8.46+0.99
11564 (Protein) 6.59+0.07
lasin (Lipid) 1.26+0.97
ﬂ'%mmﬁ’]@naﬁmmﬁotal sugar) 59.469+3.449

(as xylose equivalent)
YIuauen QIN Laqa La )

(Monosaccharide )

Rhamnose 0.272 (0.50)*
Arabinose 3.682 (7.70)
Galactose 3.640 (8.36)
Glucose 5.661(11.04)
Xylose 40.378 (72.90)

n3a inﬁﬂ (Uronic acids)

(as galacturonic acid) 10.12£1.15

WaNBLAe: dadstandoanuuunagiu

* relative %
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DX500 061124 #5 [modifiec Std! ECD
500
nC
400 -
o
(-]
s T
S 3 3
o £ L
300+ - L .
e = [ ©
ET 3 °’-
N ° < 23
x < : ¥ 0
' © o - «
- Q 3 T 9
™ ] (]
200 _;’ E §
< ,'<>‘ %
o E
©o
1004
‘ ‘ i | T min|
0P e e e e
6.0 10.0 125 150 175 20.0 225 250 275 30.0
(a)
DX500 070109-JITTRA #17 [modil ECD
500
nC
400 ~
~
o
N
[
8
300 2
n
200+ pd
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9 5 it ~
28 ° g
T £ ] 3
100 TR § 3
o ®© © [=)]
c (U] '
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g [32]
[+'4
| ) | 1 .
| I I min
10— e e e
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(b)

A by A
w11 lesininunsuvasianaluanaiaed
(@) lasulnsunsuihanaunasgin
(b) 1A INTLNTNENTRAAINLUEIUN

19

19



20

3. anHweN19laIIaIg

3.1 FT-IR spectroscopy
Wieainyuanesu Buwssasunlnialnl (FT-IR spectroscopy) Liluinadiad
fowltlumaiianed amasey Agal wazdnwufeanuluanavesas lasluianaaziia
MIsw  (vibration) w3afianiIngu  (rotation)  ¥hliWuszvadluananmianiia
(stretching) w3aifian13da (bending)  snasy FT-IR wadansdszinnanslulaiase
vV & dl dq’W a v A o dl A 1
sanTaltiduinTasminansmenslaseaing lasdndduiuaan wie wave number T3
. A A _ _ o Ao o d
EWIN 900-1200 cm  92138NI1 fingerprint region LHaIINEINIIDULNULZAUNTITAUIN
\F9inA (functional groups) uanslulawesandalnduoaalsale lasduniiuazaing
WavadaiUnasnvadudazlnausna lsfazianzaiuand1dny a9a1199 4 (Cemna et al.,
2003; KaCurakova & Wilson, 2001; Fillippov, 1992) énsuansanadssiannunialalas
o‘ai v ] A 6 s 3’ A A :‘ di
aaanauan lhanludhwiiasdiznaunanvasianaluanaasda  sheaalalss e
iwnSouisuiulauauminisd 3 ol ldun lowswaniege (beechwood xylan,
x4252) lmuauainu3zge (birchwood xylan, x0502) uazlouauanldamiari (oat spelts
xylan, x0627) 91N Sigma-Aldrich Co. (Steinheim, Germany) Teflasndsznaunanfatiiana
lolysr wdsans wudn sunesy FT-IR 2adatanadsznnnunie balatnaasasan la
Nlugwg wazlouaunansand 3 sfie JanBucAfuARING GININA 12 GIUNURNT
> % A €dl v 1 1 I
gnaUszinnnunie talasreasasan leantudiuwg wesdln lowan (xylan) annwaz
& { -1 ' o '
WAUINANUANDIANAN wave number 1030-1050 cm 32RINEIRNAINIUEWISUAL L

LABNINIALANAINULANTEE U221 HhaINNANBIENILATIRTIILATNUTE RS LTUAY
' Y A A B R .
wANENINY laNaf wave number Uszanow 1047 cm U9UBNDINUDE B (1—>4) linkage
Aa A -1 8 @ .
lupmueNNian wave number Uszanas 1030-1066 cm Luaniswusz 3 (1—>3) linkage
(Kaéurékové & Wilson, 2001; Kaéurékové, Wellner, Ebringerova, Hromadkova, Wilson, &
Belton, 1999) lazlassainszadlouauniinsnn thenalolssezisandanudiewuss 3

(1—>4) linkage uAAVBIRNTFNAIN UL Il AL AL Truaun1anselugag wave

-1 ' { [ (> 4 { e g
number 1030-1050 cm’ 1aztiiasnnaniulassaonan ians bolsgasiiandanuals
wusz B (1—4) uaz B (1-—>3) linkage A992NaTIRLBZVDITNIRNAIINIUEIUIIAE

o

ITMITalat (methylation analysis) (wiada 3.2 dald  vhldRang9aauaInan
IMAaNEINW wanaInw Iwinse B (1—>4) xylan  53dAA0ITI9AEUA 1125, 1089 uAz
897 cm’ MLdwt@ (Sun et al., 1996) usdnlulassaeiinaius: B (1—>4) uaz B (1—>3)

linkage WATITI9AAW 897 Uaz 904 cm ' aznAans i (KaGurakova et al., 1999) &11SU
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o A { ! -1 ' o
sUnasuNT9nAuIZRINg 3600-2500 cm aziiuanfisnisbazasnuszluianazas O-H
(O-H stretching) lasUn@ louaun laanmisana louauandie snazinsuenvasiues
8A (phenolics) Anfiu (lignin) 1U3@u (protein) uaziwa@u (pectin) atisy a1sfuaadauaz

a o A { $ o A, d -1 v, , i
lUs6u mfesdnasuninaeuda nuiT19aan1700-1500 cm~ (KaCurakova & Wilson,
v & o A { -1
2001; KaCurakova et al., 1999). BanNNWUUNATUNTINEL 1730 Waz 1600 cm U4
UaNHINIAMSUBNTAN warASUBNTLan (carboxylic acid and carboxylate vibration) 7tilw
fudsznaunan llna@n (Singthong et al., 2004) 3NaRUIzNaUNLANVEIENIENAIIN
' v o A A A & \ Y 2 A e,
lughwwluwiaden 2 wohdineglsfiadusudsznovagdis  Judunsbuduwilu
lassgsmnsanannlugiwsdinsaasuendan wazanafiansuendianidusiudsznaudis
< | ' { < o
Fanoindusndsznevfinululowaulasnild (Akerhom & Salmén, 2001) N

[ ] A Ap c!l A A:ll [} dl -1 dl =1 6 Aan
snafunuianugeniafuivesiafizaeniu 1730 cm Nuanfinieaiveandanluas
sianlughwganilulouauniamsed 930 lraun1anisaaznaualginea
lolsmiunan  dsuasanaannluduwnsdsfitinnmnsaglasiiagandi louauniamae

w38 LA AIZIN

AN 4 fUnasu FT-IR wasaslulaiasa: $r9adu anuituvasailnasy

o v

LLa:mﬁm%mﬂ
FIIAAU mﬁﬁmﬁﬂﬁ ANNLTNTDIFLLUNATY
(wave number, cm'1) (Functional groups) (Intensity)
3600-2500 O-H stretching Broad, strong
3000-2800 C-H stretching, symmetric, Sharp, occasionally double
asymmetric overlapping with O-H
1760-1730 C=0, esterified Strong
1630-1600 COO-asymmetric stretching Strong
1400 COO-symmetric stretching Weak
1380 C-H bending Weak
1300-1000 C=0 stretching Weak
1200-900 Finger print of carbohydrates Strong
830-500 CCO, COC, symmetrical and Weak

asymmetrical ring breathing vibration

aaudadann KaCurakova et al., 1999 waz Fillippov, 1992
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Absorbance

Absorbance

0.16-
0.14=

0.12-

Birchwood xylan
010-—L i

0.08=

et spelts xylan
0.06-

0.04= Beechwood xylan
[ttt

0.02-

~ranang gum
0.00-

. il
3800 3600

0.16-
0.14=

0.12-

Birchwood xylan

. el I el I [ 1
3400 3200 3000 2800 2600 2400 2200 2000 1E00 1600 1400 1200

I R IR P T IR IR T T IR I
1000 400 500

Wavenumber

(@)

0.10- -4
0.08-

0.06=

004~ Beechwood xylan

0.2
‘ranang gum
0.00=
[N B R I
2000 1800
P
NNN 12

L T T T T T O O T T T T T T O T T T T S T O T T I R R N O B B I I 0
1800 1700 1600 15000 1400 1300 1200 1100 1000 900 800 700 E00
Wavenumber

(b)

FUNATY FT-IR 2898138NANAIUEIUNS LLﬂzvl,‘ITLLa%

(a) Full FT-IR spectrum
(b) Expanded FT-IR spectrum

a00
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3.2 Methylation analysis
% o A €d' [ % 1 1l o v
IanaUssinnnunielalasneasaadnane Lean g1 wig WRLHIUAIYN A
a gy { o o =) =3 g’ { v U a =Y
uignidisiiianns  shuihmsienzidinashosluanaasuazlessideiniugs
WIK aT9N 5 uaevasdlznauzashealulanaldlzasmIanaInluiwaniian
% o Y Aa £ . ' (% %
waznaIn1IliLIand (crude uaz purified extract) wudiansanadszinniuwielalas
o‘d‘ o v 1 ] o Y A &£ A a 2’ J
Aaanauaniana ldanlugiwg  uaziumMhlduigntesidiinoshenlalss  anau
wazldSinanhanausulua azndlus muaalas usznglas aaas nuwhaIanafdu
o v a £ ) A [ o AV o o A

myvhlduignianmlassaiwlegdunuiuszasluanalulasiashs wanldasansn 6
Wuinsznaueae Terminal Araf, Terminal Xylp, 1,3- linked Xylp L8z 1,4- linked Xylp Wae
ARIMuIIWIUENRBL VD 1,3,5- Araf, 1,2,3- Xylp, 1,2,4- linked Galp, 1,2,3- linked Galp
uaz 1,3,6-linked Glup JuunuRUszRanvasluanalulawaiwmIanalzinniunialalas
ADARBLUANRNA LANNIWENUIIUFAIAININA 14 NuINMTIeTeRmsLialasaining
n3# (Gas chromatography; GC) azifiananagaufia uaziliadinnzidisunaainlng
fnas (Mass spectrometer; MS) lagilSsuifisuuuasdnasy (mass spectrum) Aleny

lananIdedaznmulisgduuunisuaneizasloaau (Biermann & McGinnis, 1989)

MW 14 (a) WEadnd 2,3.4-lasNTanuiines lasyUsenauaiunIuanaiues
laaauuuy “doublet’ 1asannmIIanduas permethylated sugar 628 NaBD, tAauuy 'l
auanas Mlidanaiusesnianalsza (miz) wang da 101, 102, 117, 118, 116 uaz 162

=S . v ') v A
ugasfie  Terminal Xylp  JUupuAIUaAndIzadlasawvasmIanalszinniuvialalas
ABRRBLANANA LN w199l TznauA18WHEE 1—>3 Uaz 1—>4- linked xylose WA
14 (b) LRI 3-linked pentopyranose lagUsznaumemInanaiuad laaat miz 233 Waz
234 \TWALINY m/iz 117 uae 118 luamzh 4-linked pentopyranose U3znauaI8MILanan
289 1a08% m/z 189, 129 Uaz 118 GINMNA 14 (c) lAUMTUANGIVDI LaBar m/z 118 LFAS

= 6 o \ A a o
mmi‘uau@%mumaaogm&maﬂmaw (methoxylated) LLa:miLL@mmmadeaaau m/z 129

fiaannsgaiduninesBinlasniiiia B-elimination 289 miz 189 AnHaf ldausags

yanin TATIETNRURANRANVBIFNIINAUTLLANN NS LFlaTAaasauaNanNa bean |y

gudfa  louan NUsznauee s krlIe NiTaNdanuaIgnNkI: 1—>3  Uay 1—>4

1naladan lapianofsmuassinanaazind lua nuanlag LLa:ﬂQIﬂa FwInLENtaY
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@13149N 5 aaﬁﬂizﬂaummﬁ’]mahLaqaLam (Monosaccharide compositions;

relative %) V89RIIRNANN LMY (crude Waz purified extract)

Monosaccharides Crude extract Purified extract
Rhamnose 0.53010.04 0.51410.03
Arabinose 6.84010.02 6.37910.01
Galactose 6.92210.05 6.05210.08
Glucose 10.09310.06 5.08410.17
Xylose 75.62411.02 81.972%1.07

WaNBLAe: eadstandoannuinagiu

139N 6 fulIznauuaInus:  (relative abundance %) luansanaanlugiung

(purified extract) @8BLUBALATW (methylation) 3IUNL GC-MS partially

methylated aditol acetates (PMAA)

Chemical name Deduced linkage Relative
abundance(%)*

1,4-di-O-acetyl-(1-deuterio)-2,3,5-tri-O-methyl pentitol Terminal-Araf 5.755
1,3,4,5-tetra-O-acetyl-(1-deuterio)-2-O-methyl pentitol 1,3,5- Araf 0.504
1,5-di-O-acetyl-(1-deuterio)-2,3,4-tri-O-methyl pentitol Terminal Xylp 14.553
1,3,5-tri-O-acetyl-(1-deuterio)-2,4-di-O-methyl pentitol 1,3- Xylp 21.884
1,4,5-tri-O-acetyl-(1-deuterio)-2,3-di-O-methyl pentitol 1,4- Xylp 49.637
1,2,3,5-tetra-O-acetyl-(1-deuterio)-4-O-methyl pentitol 1,2,3- Xylp 0.549
1,2,4,5-tetra-O-acetyl-(1-deuterio)-3,6-di-O-methyl hexitol 1,2,4- Galp 1.687
1,2,3,5-tetra-O-acetyl-(1-deuterio)-4,6-di-O-methyl hexitol 1,2,3- Galp 3.767
1,3,5,6-tetra-O-acetyl-(1-deuterio)-2,4-di-O-methyl hexitol 1,3,6- Glup 1.663

* Relative abundance(%) FWIHANNEATEIUVBINWALANTIN
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Relative Abundance
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) w w
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T Y B Y Y

N
S

o

39.0

450

D
HC - DAc
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1~ ii7 HC . OMe

171

N - N - Y N )
~ » > =3 S N =
T O A

Relative Abundance

>
|

%

~

39.0

430

440

450

571
54.1

174

59.1

40

118.1
160.1
159.1 1742
1731
1291

! 101 1892 2011
‘ 131. ‘ 161.0 {1752
imqmw‘lh‘w ‘W‘ H‘ v“1““““;““‘;‘H“m“‘ et
120 140 160 180 200 220

miz

(b)

‘1913\“ 213% 2201 HZM'?\ . I
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B 430
75%
s
65%
]
55% 87.1 D :
50
x . JC-OAc
§4o§ et HC-OMe e
2 gy HC-OMe m\
Esoé U OHC-OAe iFs)
E HC - OAc L
20% 1291 H
15% 440 118.1
| 1021 189.1
125 A 45:7-1— B0 8&1
sl s
e L A M
40 60 80

MW 14 WNRRLUNATYN (mass spectrum) VaIFNTENAINN UL
(a) wusLnNaINVDS Terminal Xylp
(b) unastdnaINVad 1,3- Xylp

(c) uwNasnaIuwad 1,4- Xylp
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4. ALEANTALBIRNUIN
[ d' % 4:!' [ > d' (% 1 =1 o
WaI N legneimunzaN lunIanas1 U ANA AN kN lugwe 39san1ae
é’ana’nmv‘i’]mmﬁ'@a’ﬁﬁsmwﬁuLﬁalﬂumswmaauqmawﬁ'@ﬁmmm%ﬁ@ AN

WDV LLN&QM@N VA UNIZURINGN

4.1 ANURGA (viscosity)
=2 o Ao ' A o o oA &
NnMIan s Ninadannuniiavasssanadsziannunie lalasnaaaasaan

lughws lawn  anududuaasansana pawnnd eanuLunsa-ans (pH) anududy
284 NaCl, CaCl, uazianaglass IakacinIni 14-19
2,500

2,000 7

—
(9]
S
(=)

1

1,000 ~

Viscosity (cPs)

500

0.5 1.0 _ 1.5 2.0
ANMANTUYBIATANA (YoW/Y)

MWA 14 JHATaIANUTNTHYIRIIRNAAINIUENWIY dannuniaNanusI3au
100 rpm wazld spindle (was 2 Namngil 25 aseioaifos

180 -
160 +
140 A
120 +
100 +
80
60 -
40 -
20 +

0 , ,

Viscosity (cPs)

35 45 55 65 75 85
QUMY (IR TBAITHE)

A A A A = . ¢ .
Mwi15  WarsdamrnidanunianauIITen 100 rpm Uaz spindle LWas 2 1
gownndl 25 adeTAITEE ANNTNTUIBIENTENG 1%(W/V)
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ANNVITANBINAYIANLT NI WU AIRITRNAUTELANA NN LU EIWIIA AU TR
Mwh 14 lag@nsnenudutuiagss 0.5, 1.0, 1.5 Uaz 2.0 WUILHaANUTUT U
[ % =} 6 1 QI A/ o U A AI &, 1 a
fIRNaUszIANNurIa lalasnaanauaa N lug1w I ANT® A lAauniatNTwatingd
a o a aAa { v ¥ Y o v Q’ é’ ] Y
woFANIRDG (p=<0.05) laaNauiduTniasaz 0.5-1.5 ¥ldnrnuniiaiudinad 97«
1 { U v 1 U AI &, 1 = { =)
WAL ANV NTWINNAINTALRZ 1.5 ANURHAILANYRDL19TIALT) LaRNTIIANTIN
ABINNAMUTHUINATIITINAMULTUTHILTN GLHDIINLTDAMULTUTUVAIEIFIIFNG
e a . . X X . e o Fue X
Usznnnunialalasnaasasdainlugiwaiyaintwinlvanusansnaunusin lduintin
° oA A s A & ° o A a £ A Aa
MlrddSinasinnaaasduwnarnlvanunitaiiuds nAwn 15 LEAINAYBIG NN T sian I
%ﬁwadmsmsaﬁ'@ﬂs:mﬂﬁ'w%avl,aimﬂaaaaﬂ@i’ﬁnﬂlummﬂ@ﬂﬁﬂwﬂﬁs:ﬁuqmﬁgﬁ 35,
45, 55, 65, 75 WaT 85 aomLénaLs‘i‘mawmwmnﬁwqm%nﬂﬁﬁwaﬁﬂﬁmwwﬁ@a@mazm
119 (p=0.05) lasfiaaunnita9 35 - 55 asriaaidoaanuniiaazanatadnit) guaziiie
amuniunnin 65 AFNTALTLR ANNALAVTAARIDLILAU LATA LThaIINAITIAAIN
vxﬁ@ﬁqmﬁ{]ﬁgamm%"am:ﬁﬂﬁ}[maa%waamm'ﬁ@mwmmﬁ FIRNAUITLANNY

= 6w o v J v A
ma"[aimaaaaamamnu"[@a@maaNﬂlﬁmm%u@a@m

100-
90-
~.80-
& 70
260"
'250-
240"
30
20-
10-
0 T T ‘ |

3 5 7 9
pH

MNN 16 WaLdd pH daanunitanauisisay 100 rpm wae spindle Lwa3 2

a

ﬁqmmu 25 IFLTAEEE ANULTNTUVEIENTANG 1%(W/V)

PNNMIANIIHNAVBY pH dannuniavasantanalsziannuvise lalasnaasasdan
lugung (mwﬁ 16 )I@Uﬁﬂmﬁ pH 3, 5, 7uaz 9 Wui1 anutdunie-ag (pH) Anade
anuniiavsssssnalszinniunielalaseasnssdarnlugiuwg (p<0.05) lasfiiia pH
ANNTn 3 vl nunilaiud nagniIaEauiesEey  pH 5 azldanunilagigauas
e pH a1nnd 5 ananiiaazaass anatfiaain [OH] azldaanusslalasaunsluus:
szwdnluianazesssanadsziannunielalaaeasand o luwldldRez i lddnag
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YLEIFY QGI&ILQQQVL@TLW gadniaslussazaeniduus LWS']Z’j’]Wuﬁzit,%’j’Nﬁ’WﬁUI&J LRNR

PYaIRNIFNAUILLANANR LN ILAN AL LLidﬁagszNINLaqaﬁﬁaﬂaamNaiﬁﬂuﬁw%ﬁm

BB

Viscosity (cPs)

A
NINN

Viscosity (cPs)

70
60
50
40
30
20
10

17

140
120
100

N A OO
o O O O O

ﬂ’]W“?]I 18

T I T I 1

1 2 3 4 5
ANMINTYY NaCl (Yow/v)

NaUad NaCl dannunianainaiisay 100 rpm waz spindle lwas 2
fannd 25 asrLTalfor aNUTuTuIEIENIANG 1% (W)

L

.\'\—\——-

I I
0.1 0.3 0.5 0.7 1.0
ANMTNIY CaCl, (Yow/v)

NAUd CaCl, fannuniananu3Isay 100 rpm LAz spindle lwas 2
fannd 25 asrLTalfor aNUTuTuIaIENIANG 1%(W/Y)
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100

95

90

85

Viscosity (cPs)

80

75 '

15 Y ‘Z’,O 45 60
AIUVNUVY sucrose (Yow/v)

Mwn 19  wavesihanaglasadennunitaianuiiasay 100 rpm uaz spindle

\wes 2 ﬁqmvxgﬁ 25 2IALTALTUE ANUTUTUVEIENTRNA 1%(W/v)

=S A : dl Q v U 1
INNIFANBINAVILNRD NaCl, CaCl, uaz #1618 Sucrose NITALAMULTNTUAN 9
dadnanuniaradrIIanalszinnnunIa lalatnaaaauaainlugiuid wudi n13Léy NaCl
Aszauanududusesas 1, 2, 3, 4 Uaz 5 FINalRaNNRiHaanad (P<0.5) aduaadlunIni
¢ + a [ % o o { { a 1 ' > %
17 @9'loaaw Na LAANIINANNWURIANWLAILEHEI91N NaCl Atauas iy lusansougsduny
4 o o o g = ° ) A { o
iunuansanadssiannylanuedaduxarinlianuniiaansad waznsidy CacCl, Nszau
AN NI RTasa: 0.1, 0.3, 0.5, 0.7 Uaz 1.0 NIHABNaWNUMILAN NaCl da Twedaia
wiaaaadilaiindTunmanududuses CaCl,  AINWA 18 AILUIATINIAAUVBIANT
o o A & ' A A A A '
snadzinniunialalasaesnssdanludiunsazaaniiias 9 Wailiinfdesglunisazais
RINHAVDIUIAR Sucrose AaauniaasgIsnadszinnnuanludiwislasltainy
NTUwUaIkIaanIesasas 15, 30, 45 a2 60 (NMWHA 19) WU ANULTNTUVBIEIaNadl
NAGaANUNRTEA LauLlalNIANULT T WY I A8 IR AN NR a9 IFNAUTLLANNY
A 6 1 n' J dl' a g’ o va 1A I
nyalalasnaanas@dannlutdiuwigaimiudn Whasanmstaniiaarlvidsunmvasudsann

& o o o o A & Iy A a £
°IJWIj’.JEJI%ﬂ’]iﬁ]'lJﬂiJW]LLaza’liaﬂ@ﬂizLﬂ“l’mlm‘iav[,a‘[@iﬂaaaaEl@] a\jwalﬁﬂ:]’]u%u@l,wwmu
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4.2 ANUUTILTIVBILIA (Gel strength)

nmsansndasefifnadadianuudiussvean (Gel  strength) VaIg138NA
Usznnfivnielalaseaasouad ldainlugiwns laun navosanududn,  anuunse-
@139 (pH), NaCl, CaCl, Was 1ihenasucrose WuINlRHaGINIWT 20-24
0.6000
05000 -
0.4000 -
0.3000 -

0.2000 -

Gel Strength (N)

0.1000

0.0000

5 10 15 20
ANNINTUYRITTANA (%)

MWA 20 WRTINUMNTUIAIRNIRNANNIUEIWIINTZAUANNTNTY 5, 10, 15 LAY
20 %(w/v) @aAIANNLTILIITBIAR (Gel strength) ﬁqm%gﬁ 25 a3f
A ¥ . [ ] 6 a
WIALTER LT%In@ Cylinder  probe PNALFUEUGUINAY 0.8 LTUAINAT
328ena 0.6 mm LR Post Speed 20 mm/s

0.040 |
_0..035 | -/-\r/.

0.000 «

3 5 7 9
pH

NN 21 WAT89 pH dafAMULTINTITEIIANNMIRNANN LI Ngannd
25 parLaalBus LTWAna cylinder probe PINALFUHUAUTNA
0.8 lTUALNAT I282Na 0.6 mm LLaz Post Speed 20 mm/s

WANBLAG TFanadutusasaIanaanluenwe 5 % (wiv)
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NATBIANULTNT WA ANANULTILIITEILAA (Gel strength) BaIgIRNAUIZLANNM
wiolalasnaasasdainlugung las@nesnfienudususasss 510,15 was 20 WUINAINY
Watuwasnsanadszinnnusesas 5 32li@N Gel strength @‘iﬁﬁq@ waziiloinanuT Nt
Juen Gel strength aintulasfanududutesss 15 -20 szl Gel strength Auain
agnafinlada laslanizienudutusonas 20 mzlﬁ@hmml,l,ﬂal,mmaaLaamﬂﬁqcﬂ
fasaniiofivanududusesasanadszianiuazvinlianusansalunissunuin
Ietanniudsrnlntivsnoifianasdunarinlviien Gel strength tRNAw §3n W 20

NNMIANBINGVEY pH daf1 Gel  strength  Vadasanadszinnnunse balas
ABARRHAANLULEIU (mw“?'i 21) Tag@nundi pH 3, 5, 7 uaz 9 Wui1 pH Unasdad Gel
strength Taafiila pH 1N 3 9zvi1Wiaailen Gel strength AT wauAIT=eL pH 7 5 a2
I#iaailen Gel strength GAGL waiie pH 41NN 5 A1 Gel strength VBILANITAARY &9
usnatuneldlurinuaadnununadaanuniie

0.05 -
0.045 -
0.04 -
0.035 -
0.03 +
0.025 -
0.02 -
0.015 A
0.01 A
0.005 A

Gel strength (N)

1 2 3 4 5
ANNVNTU NaCl (%w/v)

M 22 Wawag NaCl  dasenaudoussvasiasananssnaanlugiuwg ﬁqmv&gﬁ
25 asrniralBua 14Wana cylinder probe IWIALEUHNUAUINAN
0.8 lTUALNAT I282Na 0.6 mm LAz Post Speed 20 mm/s

RANBLAG -Fanududusasasanaanluegiuwie 5 % (wiv)
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0.1
0.09 -
0.08 -
0.07 -
0.06 -
0.05 -
0.04 -
0.03
0.02 -
0.01 -

Gel strength(N)

0.1 0.3 0.5 0.7 1.0
ANUTUIYU CaCL(%w/v)

NN 23 WALI CaCl, GaANANNLTILIIVBILARINFITENAINN b LU ﬁqmﬂnﬁ

U

25 parLaaLBus LT%Wana cylinder probe PINALFUABAUINA
0.8 LTUALNAT I282Na 0.6 mm LAz Post Speed 20 mm/s

WANBLAG Ifanutnduvasasanaannlugwig 5 % (wiv)

0.06
0.05-
0.04-
0.03
0.02-
0.01

Gel strength (N)

15 30 45 60

ANNVNVY sucrose (Yow/v)

mMwi 24 Nmlaaﬁwmasﬂmaeﬁammmuﬁau:samaaLﬁ]aﬁnﬂm‘saﬁ'@mﬂhmmo
ﬁqmﬂgﬁ 25 asaLwaldus 15%ana cylinder probe ﬂnmmﬁumuquﬁnma
0.8 LIWGALNAT IzenN@ 0.6 mm Waz Post Speed 20 mm/s

WANBLAG TFanaduturasmIanannlueNwe 5 % (wiv)
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MNMIANHINATas NaCl, CaCl, uaz¥inana Sucrose fiszduanudududneg de
anuudsussesssanalsinnivnielalaseaasassanlugiwanuinnsda Nacl 4
sEeUANUITRTRIaEaT 1, 2, 3, 4 WAz 5 WUIIANNLTILITIVDIIA NI AL AALAFI
Tngjazdumiliuanas esnnlesauses Na* iiemnantuitosanluudssunuiunud
fyanaUssnnnu lainue 39 AaNIIIUNL AN WLBIFINA AAIANULTILITIVEILINAART I
Ml 22

M3 CaCl, Aszauanuitutusasas 0.1, 0.3, 05 0.7 Uax 1.0 GINIWA 23
wudmenuudiuseesesazansdses 9 asanleauses ca’ iiamInantwilesan
cacl, Aewliamansandsiuiuinunuiansanadssnniuldwue donaldanuudussas
RANNFTENAYTEIANNNNIE lalaTRaaaauaN lENUIIAAEY

mM3euinana Sucrose AszauaNuITUT e 15, 30, 45 uaz 50 (MWA 24)
WuiaNuLdsussvasaalainiuios 6]me:n’mauﬁﬁmaﬁwlﬁﬁﬂ%mmmaau,°"fl<1

a & o v s o o oA co @ oAl
WNTBLazEITs Lz rIIRNaUsTIANN AR o lalasnaanauaaun Lo e

4.3 aasauddeunszUaIngn (rheological properties)
NRTDIATILAAUGaANNRIAVIRITRNAUTLLANNY WIia lalasnasaasaan iy
U IINA MU UTUHITRIN9Taua 0.52.0  lagsinindadsanas ﬁaqmvm“ﬁ 25  99¢
LTALT R LEAIAININA 25 g1sanadszinnnunialalasnasassaainlugiwianainy
iudugs fasaz 1.0, 1.5 uaz 2.0 wUFAINYANTINMTIRaLDULLY Shear  thinning
{ Qo QI J 1 1 { v v g
behavior BNNHDILNBOATNADUANTY ANURAATNAFARI FAIUNANVT VT UVITNIENG
Uszinnnunielalasraaaasaannlugiuidsasas 0.5 ITURAIWOANTINAT LARLLL
. . A o A ol = ' A .J e A A
Newtonian behavior NaaILAau16" 9 mnUmmmwwmvlwuagﬂuamﬁmau Tuamen
{ o a £ [ Aa I
WadaTudawinulu snsanaacding@nssunsiwatduiuy Shear  thinning  behavior
2 o & Lo o A [ A a & A A

wanedsenanunieduagnuaniian Tasaaabaanindn  ANuniald1anas 11y
Wasuudaangfnssun s mazasmsanaan lugnwananu T 9nu asansnaiune
ladrnsiuan Ut wradzg1IdssiAnnunIa lalatnasansd N lRn1IIaS89a2Iua9
A e ~ £ A o A ' ° ° v A
INLGQQI%&’]E}IWQL&IQSM‘RLUm.l&]’m“llu waldusadaudatzuy vinlwluvinaalaseasned

& a a & o Y A A A @ A v .
Dusziisvvessnslndwes ilianuniieanaslainoasifenldunszuy (Lapasin &
Pricl, 1995)  §wiLQuUENUAGIUNTZLEINIUUUNAAEAT (dynamic 138 oscillatory

rheological behavior) BadaIanadsztAnnunia lalasnaasasfanlueNwd LEAIAININA

26 dIgaRulugas (loss modulus; G”) azannnitelugawazan (storage modulus;
{ d 0' 1 { { QI J 1 L { v Qs v 1

G') 1AW (frequencies) f9 daunaNuDANIYU drlugaai ldazaniudin lavdn G’

azinnid G” awiunneanadintu agnslifianwaznugada (cross-over) 2831 G’
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{ { £ o o v o o '
wae G Ainwd 2.5, 0.5 wae 0.15 1830 (Hz) MnsuaNuTuTuaasanIanaanlug1ud
S0882 0.5, 1.0 WAz 2.0 ANAAL ﬁqm‘ﬁ{}ﬁ 25 BIANLTRLTER LLazwuqmﬁ@ﬁmmﬁ 1.5,
025 Uaz 0.1 Hz fAWTUANMNTNTWIaIgNI&Na N lug1wI9Tassas 05, 1.0 Waz 2.0

o

o o A a a o . [ 1" = , o & &
uaay Ngmnnl 5 asrmTaldos 39aavaden G’ uaz G” Nenuiuandreny tuid
 Aax wn A A I It i A . A
vanansamsudavasanyindngdnyaniuuuvainis (elastic) wIavaanal (viscous)
13un71 viscoelastic behavior lasd1aadaiianude tavaniisansnudngdnisuasioniy
284U (Brito, Sierakowski, Reicher, Feitosa, & Paula, 2005) Anlugagvasansanaaniy
mmdﬁqm‘mgﬁ 5 a3ALTALTYUR ﬁ@hgaﬂ’hﬁqmﬁgﬁ 25 AIANLTALTUR LARN LD
As Al dullufen 196890 wana Nl aa1AN N TN T WY aIRITRN AN LI

a £ ! ¢! a £ A Vo " v & K A o o & !
Wl A1 G LNYB wazlidnunningn 6" uaasliidntalannududuuindu 1o
a (=] o A L™ I ~ J ] I o dyu = A oA
passnplndimesinmiatssandusndoonniu sadudizvifisgmantfvaanying
woanssutduuusasuds runsawsaatunensiasesalvedlassainsnduszifou
H899NMITLANTIWIBURZI U0V junction zone (Clark & Ross-Murphy, 1987) Qmawﬁa
MUNITTUEINILUUNAAEASVaIaTENaUIIANNAnIa lalasaeanasaannlugius
&’ e v v L L= J @ a v { v v
wannaziuagnuanudutuesasana Slvegiugunniandqs lasnanududu
e ] v s d é/ 1 s s 1
vasFIEnanlutuwgs azlidnlugdafigsdn wduinunatesdanidoudannunia

o A v o A v @ v a & ! P
(steady shear flow) @INNANIVIVINAB NANMVLYNYBVAIRITIRAALNNDY ANAINUAUG

' 1
a °

& &, - § { a i ad v ' i '
LN S')N‘Y]GQ’II&IQSE{LWN“U% Lﬁﬂﬂ@qm%ﬂ&l I@ﬂﬁqmugwm mag@@ma:ﬁmmmﬁm nan

ngunnigs urasliiAuisquantdvasasanadwgdnysuadiovasudsngmnn e

U

mﬂﬂiﬁﬁqmﬁgﬁga
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—a— 1%

-
o
I

Viscosity (Pa.s)

o
N
|

0.01 ‘ ‘ ‘

0.1 1 10 100 1000
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MWA 25  WRANIINNNT AR (Steady shear flow) VaIFNITENAUIELANANTTE
lalasnanaasd NANNTNTWLANAIIN ﬁqmv\{]ﬁ 25 aIALTRLT
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5. miﬂszqn@ﬂ%‘lummi (HARaAWT ladnIa)
5.1 %Overrun
@1 %Overrun a8 msdaameat Wlusunanumeyinliuds vinlddSunasves
A A X a | & A A v a a a
lasnTuiia@w 13onin lanassu (Overrun) Tdlasdndusaisnaziiudsunasueslaaniu 2-
1 1 1 s I a dl Ql é’ a
3 N UaIEIBNEN f1 overrun Anuaadaani e % vesdSunasninInNUSIN@ TV

a

, o o g
FIUHEY DIVFATNNIAWITA (Marshall, 2003) a9tk

%Overrun = (USN1031849 b0AN3Y — USINATUBIEINKEN) x 100

YTUATVDIRIWNEN
d' a 6 1 U = %% a
NANTIN 7 NTIATIERAT % Overrun 1o lTa13 LAz aNIaNalIs AN

=) [ [ & v s = [ U s
ma"l,aimﬂaaaammnﬂiu mmaLﬂumﬂ%mmmmlu"laﬂmu%aninuam WUAIRIITNA

nnludwsnenudutusasas 0.50 Sanuuandrsnuaddnedmaynieaia (P< 0.05)
NUANTIUUWNAMNITUT W88 0.25%, 0.50, 0.75% WAz 1.00 WaLNURIIRNAINNLL
g nudnTuiesaz 0.25%, 0.75% Waz 1.00%

It %Overrun Nildnganga A msbtansanaanlugiwiaduansliainuad
£ p.lldl v U % 1 d'd 1 ol d' =) L% a &
mnnanududuiaess 0.50 uazdn %Overrun NllAdNga fa a1t nans
IRanwasanfianudutuiosas 0.25

1a¥1F1 %Overrun N 1EAINNINARAINIFIINIINLIAININUFTUNUS  %Overrun
TERINMIT M ENIINAN U EIWIILRZ AT UL T eI ANNAIAY 9NN 27 FZLRWIN

A A o o ' & Y o A a ' o
laensunlsrisanaanlugiwaduwstivanuaialaziian %O0verrun ﬂgamwmﬂmﬂ'm
W oNTUNNANUTNTWIaYA: 0.75 TINSlTaIlanNaIalSuImmYaLa: 0.50 2zl
ANVUANGIIaENIRWIeTa MIlTaIsnaaInluttwstduanslianuaian walSanmans

. . o & v 2 X oA v
RNAINIUENWIIANTY @7 %Overrun Az [ NNAWNUIINWITB8a: 0.50 LAZAARI
dl a QI é/ x| v o = v =1 x| v Q 1 dl
WalSunomANdwiuianar 0.75 &nIumIlFaTnubiusslianuasar wuinia
a ~ a £ \ = v a & A v o o
UV AN TWLANNAY 61 %Overrun Jun Lty nNA NN NTHTo8a: 0.50 LAZAART
AanuTuTwIasas 0.75 uaz 1.00 laadial %Overrun Mluniadelinw udsnsanaainly
w989a98iAN %Overrun ganaMIuaLNNITAULTING snriwnUTInmTasas 0.75

v A 1 v s =1 =) -5 Ap -5 Qs a ) v

TaduasnIlasTvanNasaqlulaanIuda ﬂiuﬂgamaawwa"naﬂaﬂﬂm Yilw

o X & - e o & L ¥, X o "
"Laﬂmwuwumﬂmui@mwlaammﬂmm@Laﬂa:LaﬂmLLwinluLua NIRGAIYRNUNILAAN
siavassslianuasmnminsaalulinauimanzandis winldzsldanuas@ann

Al 2199 ln laanSuiihaRUNRN LNGINTT 1w ABeIRthaanAwlY,  azaat

1 g 1 a J ol U
wie ldazans, thauvuiinly wazlinyen 1iludw (Marshall, 2003)
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eI 7 NANTTILATIZAAN %Overrun ’i]’lﬂﬂ’]‘ﬂ"ﬁf[ﬂﬂmiw SPSS

AIAANNAIAD USanmfif (%) Mean # Std. Deviation

AT U 0.25 24.00 + 3.464°
0.50 37.33 £ 6.429

0.75 36.10 + 5.351°

1.00 33.00 + 6.557°

aqiﬁﬁ/ﬂﬂqﬂlﬂﬂ’]%’]\‘i 0.25 36.96 + 5.493b
0.50 46.81 + 6.453°

0.75 26.32 + 4.651°

1.00 35.42 £ 5.312°

winse: Aadstandosuninasgw

a, b, c

%

,d 1 aa [ b o d s { o'/ [
wunehy danauandnesifedelinadannszauanuBalusaua:

95 TuuuIag

60
O Carrageenan
50 - O Yanang extract
o 40 -
2
$ 30 - {7
Q
20 -
10
0

0.25 0.5 0.75 1
Concentration (%)

MWA 27 NIIWLEAIANUFUNBIAT %Overrun 32ARINITITAITIUWWULIZRITRNAIN

1 & v g =} =
Tuthwiaidusnslwanuasarlulaansudanlnuas
5.2 A1AURHA

ANENTNA 8 MTIIATIEHRAIANURBAIINNNT AT LWILASRITRNAANN L
g dwansiranuadaa lwlasnIufaalnuan WuinaILnwnaNNIT T W asa: 1.00
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JannuuanedadNinufIa LN Ena (p=0.05) NUANNALUBNANUTNTHIBERE 0.25,
0.05 Waz0.75 wazAuaIanaaNlutwInaNUNTUTasaz 0.25, 0.50, 0.75 Waz1.00

o &, A AaA A A o a & Y o A v o o
ﬂﬂu%ﬂqﬂqqmﬁu@ﬂuﬂf]gﬂﬂq@ Ao ﬂ’]{L“ﬁﬂ']TV'DLL%uLﬂuﬁ’]{L%ﬂjﬁlNﬂﬂ@]'ﬁ‘ﬂﬂ?ﬂ&lLmll“lluﬁaEl

'
' o

82 1.00 LLa:mmwwﬁ@ﬁﬁmmﬁq@ fa nrltasanaan lugwaiusIvanuaIaln
ANNNT WAz 0.25
LH01NA1ANNRBEAN LEAINNITNARINIRTIINTINULRAIANUF NN BTUDIAIAINY
PRATERININIT T AT AU B BLRZEITFNAINN LU LWL T WRITIH AUAIAT AININT 28 3
& A = & A9 o a & o o A A A ' o
mm’]"l,aﬂmmaﬂiﬂLLamwlﬂjmi’mLLuouumﬂvsmﬁ&Jmmazummwv\uwgam’lmﬂ“ﬁ
[-% 1 £ v % gj a { =Y AI l&/ v
SIIRNANNIEIWIY  NITITRITIAAMNAIAING 2 Tha LHaUIuamnudn azlwa1aw
A A v a £ ' o o a o A A A
PHATULW IENIANT Y IBRITIRANNAIAIUSUNIITaas 0.75 LAz 1.00 9:HaA1ANURaT
@A WUIN I@le,aﬂﬂ%wﬁl"ﬁ/ﬂ’]i’lﬁLL%%Lﬂ%&WiIﬁﬂ’J’]%JﬂGﬁ’J’%ﬁﬂ?ﬁuﬁﬁﬂgdﬂ’j’m’lﬂ"ﬁ’a’ﬁ

gnaanlugiwiddszunn 2 1in

eN31971 8 NAMTIATITAMANNRIEA anTLEldsunTa SPSS

AIAANNAIGD USanofihi (%) wiv Mean # Std. Deviation

AU 0.25 125.76 + 2.888"
0.50 162.88 + 1.621°

0.75 234.36 + 1.554°

1.00 295.46 + 3.883"

msaﬁ'@a’mlumma 0.25 95.20 + 0.273g
0.50 126.80 + 0.693°

0.75 115.87 £ 0.611'

1.00 144.53 + 0.611°

winsg: Aadstandosuninasgw
a,b,cde fg =2 = : Aaa 1 Ae o o A [ A 4
WNED  IANNLand 1IN Natfet I lnyiAYNIzaUANLTaNY

Yauaz 95 luuuiad
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—0— %overrun

| —A— viscosity

0.25 0.5 0.75 1
Usunarsgrsadaannlueinuie (%)

MWN 30 NIIWLEAIANUFUNBS %Overrun Laza1aunitaluwnisldsssnaanly
ti9 LHuan Il auasarlulaansudanlnuae

~ o a & o @ a oA a

ANMINA 29 MslFaTunwiusslvanuasarlulaaniy wudnlatSuiman
a a & ' A a & o A X = o
IWWANAY  AANUREALLANTWIN  UAA1T  %Overrun  ATLNNAWLANUEDELLATRAR
P P ° o ad a & -
Wasnnanuniiags wVIFNIatw waziiawasamasin®n iwrzwasanmensalny
duiofinsunzanodagluzasnainianunia  danuwateimeiing  azgndensou
v =) o vV a ‘:g/ { =) 1 v a
oA 9 vasvaunar s liiialwady mafsuudasusidafinaznaldiia Make
A J > U >3 g; A 2K A 2K a ) ] 1 1 v
%38 Break 2unulnyle MIUUANUNEAFITIAUTIAIRIN ml%‘”’[ummzamamwaﬁu
ane b e fmiuanTaunuiianunitagaann 'ﬁﬂ&immmﬁaﬁummﬂﬂﬁa Y lwden
%Overrun ¢

dl v Q 1 I v Qs = 1 dl

ANMNA 30 mMslransanaanlugiwaugslranuasailnlaaniy wuiiie
a [ \ a & \ A A & \ A & A
USUaNINAN UL WIIANTY ANANURTEANNTUNIN LRAT %Overrun AL
PSnmanududusasss 0.50 usaaad 3nnsnesasnuimslssssnaanlugiung
Wusslranuasainenuutuiasss 0.50 azlwe1 %Overrun gaﬁqﬂ LANANANNRIA
o A o Sa ' P A Aa
@n Lwaﬂzmm%u@lm:@uuummmm:amaﬂﬁmuyjmaﬂwy Lha9NVAILRAINAAIN
A A 2 A A Ao a R A Ao L @ o o Al da
PHATHUTIAIRY  uasieaMunitadaziussfelNd I twie  azvinlwasnaliNwnRN
a £ ‘A @ o & a o & A A
Wuausau g Wasema lagliduailvwasemeananisuinld asuuanuniafiwunza
n:l' o v A 2K a d' 1 v o v a a % A U 2
“/]7]’11‘1)1Lﬂ@]LL‘N@GN’)ﬂ&’]&J’]Sﬂ%m/j‘&la’m’]ﬂ uazvinlvmsiialwuianuaddn Aa nvlansla

AMNAIAINFTINAINN L EIUNINANNITNTUIaLaz 0.50
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5.3 MINARDUN WU IERINTNNT
manasaumidszanauialoaniudoalnuiefldasiuwe  wasssanaanly
tunauanslienuesi Smydssfukametsamauds ldud & ndw s (esuda
anwmeling wazauToulagsw (@171971 9)
sansnvanlaiasanaanluginesfinnudutuioss: 1.00 lidanuuandn
N9EAa (p>0.05) AUATIUWKAANUITITUSasa: 1.00 uddaNULANEIaEI N dATY

NURDE (p<0.05) NUANTIIUBUNANUTNT I8z 0.25, 0.50 Laz 1.00 WAZNUEIIFNG
AnlugwenauutwIasaz 0.25, 0.50 Laz 0.75

é’oﬁfumﬂumumwmuhmwﬁgoﬁq@ fa nIlTRIIENAN LW WIaANT
a & o o A v o o ' o o o
AW UWRIT IR UAIAINANNITNTUTBDA: 1.00 1aUANAZLWNIIAI BT ENTUNEV
msaﬁ'@ﬁnﬂluzhmmﬂﬂﬁﬂgdﬂiwmsﬁLLuu WE LU NANULANANNINEDE  LAZANA LI
mﬁmauiﬂmwﬁ@‘hﬁq@ fa nIlTEIENaN UL W T ALLIwRTIRANUAY
ANANNUT VT WSo8az 0.25

NENTNN 9 URAIIHLABINMTITRNIRNAN UL LSO TUUUAANNIT T
Yauaz 1.00 uatlvannuasarlulasnsudanlnude ﬁﬂzl,mumm"ﬁaﬂ@m’mgaﬁq@
P a A A & o o v A & & AV o
Wasniasuuui naw 18 LiaFuAE LazansmzInggs laansudanlnuaan laannniy
laz1anaanlugiuig wazaIunnna NN NTwIagaz 1.00 % 61 %O0verrun Uz
' A ° L & a 2R A R ' & = o &
AANUNILag mlﬁ”[wuyjLﬂuWaammﬂmﬂmu"lﬂ aflanuiFnuiniiiauaziilon Ay
;ju‘ﬂm%aalau%’uvlaﬂﬂ%uﬁﬁwmﬂm‘mﬁ'@mﬂiumma $IDANNINWUNAN VT UT TR
1.00  nAIMslERITENANN UL KIaAITTUBBNANULTNTUE 9 Lihadaniike
o o A ' & a | ® | & & o @« & R =2
RUHFTAMNLUKLITLE waztitow Taiduwadainiaann waz baiidwnaainug TINLIFNINAN
DL ANAILAZL AL W m‘ﬂ%mmmmawqmaumLﬂumalummawmmurmm

Feaztdunmsiiuanunita vliieausaiion (Marshall, 2003)
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8§NW19 (Tiliacora triandra (Colebr.) Dielsa) 3atdurniutinuvastsznalng  wuann
lumeaazinaanidoaniarianmadaiurasttznalng Souinlugrwisunuiaunuiin azle
YA a A Ao A o v @ ' o & ' v A ' o &
'mﬁmlmsmuaﬂ'h}m:mumLLazmvlﬂ@an%uavl,uﬂ;oLﬂumeuavl,aJ masgﬂmuavlu MINA

1l a g’ 2 U A ] a > A {t:id 1
Tugnwenuin ldanIazanutwAhe ma:m@ﬁnﬂmsﬂizmwﬂ&msa"l,aimmaaammaglﬂu
' o & ' ' I ' o A eV o ad A s A
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[ & en A o A o A eaN o
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H1U9 AINNNTANEANTIUAWATANG  WUINRNIZNRNNLRNUBINIIRNARITUILLANAURT D
lalasaassasdainlutiuig Ae aasIwuadlugiwsauLRIsiain @iaqmﬂgﬁﬁlﬂummﬁ'@
(@A TaLTHR) dadailtlunTane (W) A 1:6.6 : 85 : 100 anTanadsziannuniabalas

AV v . A A A & & & \ K o
ADARAUAN LNIUEIUIY Ao LAt Talesddsznavvashananinueaggeiisiasas 70

2’ d' & 6 @ A :/ a A 2’ ‘ﬂ' £ 1 :/

lagihanafiduasdtsznaunanaa sianalolse  waslvSuawhaiadug ldun  shena
wsnlug  deaezndlug daanmusnlas LLﬂzﬁ’]@l’mﬂ;ﬂIﬂﬁ nuﬁ'@nmgkﬁmﬁmﬁnﬁm
lawatonanda henalolsandanudionuse B-(1—>4) uaz P-1—3)  Saldanns
a 6 v ad a ) gﬁ w“ A 6 v a 6 6 a
AenAdisiTTaatu uannnuudilianeide Wieainnueiy aunIIastlnlng
alnT (FT-IR spectroscopy) tatdunsbuguuan la

o o A A v { 1 { U v L ] AI &/ o v

fnTuguaAizanif WU N AU NT U IRITRNAANN UL WL NN Vi 19
' a & { ~ A ° Y
danunilauazanuuduswasaainiu angunnlazilienunitaanss g
o o LY = £ A '
150 pH a:mivxmmmﬁﬁ@LLa:mmLLmLLsomaawagwuﬁ pH T4 3-5 ANURAALAZANN
=3 dll nl J 1 g: a A
WDILIIVRILNATANRINE  pH ANIUNINATY 5 wanIINUWMILANNRE  (NaCl) uas

a 6 L™ ' U A I 1 a

wAALTENARE IR (CaCly) HIFIHNARAIANNAHALAZANNLTILTIVOIIRAART  FIWNTLAY
:/ 1 Y AI J o = WA Y =Y
hanassualidanunilawazanuuduswasaainin - SMniuguandfdunzuaing
WUU steady shear flow behavior WUINRITAZANEVBIFNTANANNLUENUILRAINGANIINANT

PN =1 . . A v v @ v
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Abstract

Yanang (Tiliacora triandra) is a vegetable used in the cuisines of the northeast
of Thailand and Lao. Preliminary experiment revealed that Yanang leaves contain
substaintial amounts of polysaccharides. This paper reports on the optimized extraction
and some physicochemical characterization of polysaccharide gum from Yanang leaves.
The optimized extraction was solid:water ratio 1:6.6, temperature 85°C and extraction
time 100 minutes. The major constituent monosaccharide of Yanang gum was xylose and
small amounts of other neutral sugars. The FT-IR spectra of Yanang gum was similar to
that of xylan. Yanang gum exhibited shear-thinning flow behavior and the extent of
shear-thinning was concentration dependent. The mechanical spectra of Yanang gum at
low concentration (0.5%) was typical of semi-dilute to concentrated solution. However,

with increasing concentration, the solution tended toward a weak gel behavior.

Keywords: Yanang, Tiliacora triandra , Polysaccharide gum, Xylan
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1. Introduction

Yanang, Tiliacora triandra (Colebr.) Diels, is in the family of Menispermaceae. It
is a species of flowering plant native to mainland Southeast Asia, and is widespread in the
northeast of Thailand. Yanang is called differently from region to region in Thailand. In
the north, it has been called Joy-Nang while Toa-Ya-Nanag, Toa-Wan-Keaw and Toa-
Pakinee are called for Yanang in the central Thailand. In the south, Yanang is known as
Wan-Yo. Yanang is common in deciduous and dry ever green forests (Smitinand &
Larson, 1991). It is a climbing plant with deep green leaves and yellowish flowers (Fig.
1). It is used particulary in the cuisines of the northeast of Thailand and Lao especially in
bamboos shoot soup. Chemical analysis revealed that Yanang leaves contain high levels
of beta-carotene and minerals, such as calcium and iron. The extract from root of this
plant is used as a medicinal herb for treatment of fever, malaria and antipyretic
(Wiriyachita & Phuriyakorn, 1981; Asean Center for Biodiversity, 2006). A number of
alkaloids, especially bisbenzylisoquinoline alkaloids have been identified: tiliacorinine,
tiliacorine and nortiliacorinine (Mahidol, Sahakitpichan, & Ruchirawat, 1994;
Wiriyachita & Phuriyakorn, 1981). It also contains polysaccharides.

Polysaccharides/hydrocolloids are used as food ingredients in the food industry
because of their ability to modify/control the functional properties of food systems. The
food hydrocolloid industry represents a market of over US$ 3.0 billion (Seisum, 2002;
Norton & Foster, 2002). Most important properties of hydrocolloids are their viscosity
(including thickening and gelling) and water binding. Other significant functions include
emulsion, stabilization, prevention of ice recrystallization and improvement of
organoleptic properties.

Polysaccharides extracted from plant are interesting additives for several

industries, in particular for the food industry. These polysaccharides have the advantage
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of being regarded as natural products for many consumers. Yanang’s leaves can form
viscous in water. The viscosity contributing components (hydrocolloid/gum) in Yanang
could be another source of natural polysaccharide. However, there is no information
available in the literature on the chemical composition and functional properties of this
material. The current paper is for the first time to explore the potential use of this new
material. The aim of this study was to optimize the extraction process of polysaccharides

from Yanang leaves and characterise its physicochemical properties.

2. Materials and Methods

2.1 Preparation of plant material

Yanang leaves, procured from a farmer’s market in the Northeast of Thailand
(Ubon Ratchthani province), were cleaned with water to remove dust and infected leaves
then dried at 60°C for 3 hours. The dried leaves were ground and stored at room
temperature in a vacuum packed container before use.

Dried Yanang leaves were analyzed for moisture, ash, protein, lipid and fiber

contents according to the methods of AOAC (1997).

2.2 Extraction optimization

The extraction was carried out under various conditions according to the central
composite design (CCD) with a quadratic model (Myers, 1995). The effect of three
independent variables, i.e. solid:water ratio, X; (1:5-1:15), temperature, X, (25-85 °C)
and Time, X3 (60-180 min) were determined, and the detailed experimental design is
shown in Table 1. The independent variables were coded to three levels of -1, 0, +1. The

dependent variables were the yield (Y;) and viscosity (Y2), which represent both quality
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of the gum. The optimum conditions for extraction of polysaccharides were determined
by response surface methodology. All experimental data were statistically analyzed by
Design-Expert® software (Version 6.0.10, Stat-Ease, Inc., US). The mixture was filtered
through a vacuum filter and centrifuged at 10,000 rpm for 15 min. The supernatant was
concentrated before being precipitated with three volume of ethanol 95% (w/v). The
precipitate was dried in a vacuum oven and ground to obtain a crude extract.

Yield and apparent viscosity were used as criteria for the selection of the
extraction conditions. Apparent viscosity was measured using Brookfield Viscometer

model DV-II".

2.3 Chemical composition

Moisture and ash content were determined according to the AOAC methods
(AOAC, 1997). Protein content was converted from nitrogen content (Nx6.25), which
was determined using an Automatic Elemental Analyzer (ThermoQuest Italia S.P.A.
EA/NA 1110, Strada Rivoltana, Milan, Italy).

Total sugars and uronic acid content were determined using the method of Dubois,
Gilles, Hamilton, Rebers, & Smith (1956) and Blumenkrantz & Asboe-Hansen (1973),
respectively.

Monosaccharide compositions were analyzed using a Dionex HPAEC system
(Dionex Canada Ltd., Oakville, Ont., Canada) equipped with pulsed amperometric
detector (PAD) as previously described by Wood, Weisz, & Blackwell (1994). In this
method, the polysaccharide was hydrolyzed in 1M H,SO4 for 2 h at 100 °C to give
constituent monosaccharides. The hydrolysate was cooled, diluted with water, filtrated

through a 0.45 pum filter before injected into the HPAEC column.
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2.4 FT-IR spectroscopic method

Yanang gum, xylan from beechwood (x4252), xylan from birchwood (x0502) and
xylan from oat spelts (x0627) from Sigma-Aldrich Co. (Steinheim, Germany) were dried
and stored in desiccators prior to FT-IR analysis. FT-IR spectra were recorded using a
Golden-gate Diamond single reflectance ATR on a FTS 700 FT-IR spectrophotometer
with DTGS detector (DIGI-LAB, Randolph, MA). The spectra were recorded at the
absorbance mode from 4000 to 400 cm™ (mid infrared region) at the resolution of 4 cm™
and 128 scans were collected to obtain a high signal-to-noise ratio (Singthong, Cui, &

Ningsanond, 2004). At least triplicate spectra readings for each sample were performed.

2.5 Rheological properties

All rheological measurements were determined on a ARES controlled strain
rheometer (TA Instruments, New Castle, DE, USA). A parallel plate geometry (50 mm
diameter, 1.0 mm gap) was used for both steady shear and oscillatory measurements.
Steady shear viscosity was determined at various concentrations. Plots were made of the
log apparent viscosity vs. log shear rate (from 1 to 400 1/s). The viscoelastical properties,
such as storage modulus (G') and loss modulus (G”), were determined through small
amplitude oscillatory test at frequencies from 0.1 to 20 Hz. Prior to any dynamic
experiments, a strain sweep test at a constant frequency of 0.1 Hz was conducted to
determine the linear viscoelastic region. All oscillatory tests were performed at a strain

value of 0.02 (2% )(within the linear viscoelastic region).
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3. Results and discussion
3.1 Optimized Extraction

The effects of extraction conditions on the yield and apparent viscosity of
extracted Yanang polysaccharides are shown in Table 2. Table 3 summarizes the results
of each dependent variable with their coefficients of determination (R?). The statistical
analysis indicated that the proposed model was adequate, possessing no significant lack
of fit and with satisfactory values of the R* for all of the responses. The R* values for
yields and viscosity were 0.80 and 0.97, respectively. The optimized condition were 1:6.6
, 85°C and 100 minutes for ratio of dried Yanang leaves powder to water, extraction
temperature and extraction time, respectively.

The effect of the ratio of dried Yanang to water, extraction temperature and
time on %yield is shown in Fig. 2, 3 and 4, respectively. The interaction of variable
factors was statistically significant with R* value of 0.80. The ratio of dried Yanang to
water was the major factor effecting the yield of the extraction. The highest yield was
obtained at the ratio of 1:6.6, extraction temperature 85°C and 100 minutes of extraction
time. Figure 2 is the response surface plot illustrating the effect of extraction temperature
and time on yield at the constant ratio of 1:6.6. The interaction between extraction
temperature and time gave rise to the higher yield at high temperature and long time
region. In other word, high temperature and long time produced more extracted Yanang
polysaccharides. Figure 3 displays response surface plots illustrating the effect of ratio
and extraction time on yield at constant temperature (85°C). The higher yield was
obtained at low ratio and longer extraction time. Figure 4 revealed the effect of the ratio
and extraction temperature on yield at constant extraction time (100 minutes). A higher

yield was obtained at low ratio of water to solid and high extraction temperature.
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The effect of the ratio of dried Yanang to water, extraction temperature and time
on viscosity is shown in Fig. 5, 6 and 7. The interaction of variable factors is statistically
significant with R? value of 0.97. The highest viscosity was also obtained under the same
optimum condition for yield at the ratio of 1:6.6, extraction temperature 85°C and 100
minutes of extraction time. Figure 5 showed the response surface plots illustrating the
effect of extraction temperature and time on viscosity at constant the ratio (1:6.6). The
interaction between extraction temperature and time gave rise to the higher viscosity at
high temperature and long time. This is consistant with the effect of temperature and time
on yield. Higher temperature and longer extraction time gave higher yield of Yanang
polysaccharide, which is responsible for the high viscosity. Figure 6 displayed response
surface plots of the effect of the ratio and extraction time on viscosity at constant
temperature (85°C). The higher viscosity was obtained at medium ratio and long
extraction time (60-140 minutes). The effect of the ratio and extraction temperature on
viscosity at constant extraction time is shown in Figure 7. The higher viscosity was
obtained at high ratio of dried Yanang leaves powder to water and wide range of

extraction temperature.

3.2 Chemical compositions

Dreied Yanang leaves contained, on average, 10.42% moisture, 8.96% ash,
10.04% protein, 2.66% lipid and 68.30 % total dietary fiber. The extracted Yanang gum
with optimum conditions was selected for further characterization. The total sugar content
including uronic acid was ~70% (Table 4), and the value was similar to those of
birchwood xylan (72.0% sugar content), oat spelt xylan (73.1%) and cotton seed xylan
(75.0%) (Sun, Yoshida, Park, & Kusakbe, 2002). Birchwood and cotton-seed xylan

contained only xylose and uronic acid. By contrast, oat-spelt xylan contained not only
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xylose and uronic acid but also arabinose and glucose. The total sugar of wheat straw
hemicelluloses were about 70-80% which mainly consisted of xylose (68.5-79.5
relative%) whereas galactose, glucose and mannose were observed as minor sugar
constituents. Arabinose appeared in noticeable amounts (9.2-16.5 relative%) and uronic
acid content averaged about 4-5% of wheat straw hemicelluloses (Sun, Lawther, &
Banks, 1996). The difference observed in monosaccharide and uronic acid contents could
be due to raw material and dissimilarities in the hydrolysis procedures. The
monosaccharide compositions of Yanang gum is mainly consisted of xylose (ca. 73
relative%) followed by glucose (ca. 11 relative%), which is presumably as glucan (Table
4). Arabinose and galactose appeared as a noticeable quantity. The lower of arabinose
content may be indicating a lower degree of branching of the xylan chains (Ebringerova,

Hromadkova, Petrakova, & Hricovini, 1990; Sun & Sun, 2002).

3.3 FT-IR spectroscopy

The FT-IR spectra of carbohydrate is used to determine their structural features.
The wave number between 950 and 1200 cm™ is often called the fingerprint of molecule
because it allows the identification of major chemical groups in polysaccharides: the
position and intensity of the bands that are specific for each polysaccharide (Cerna et al.,
2003; Kacurdkova & Wilson, 2001). Since monosaccharide composition analysis
revealed that Yanang gum is mainly composed of xylose, FT-IR spectra of Yanang gum
were compared against three commercial xylan standards (Fig.8). It was found that the
FT-IR spectra of Yanang gum exhibited similarities in absorption pattern to xylan,
confirming the preliminary conclusion derived from chemical composition analysis
(Table 4) that the polysaccharide gum from Yanang leaves is a xylan. The broader band

of absorption between 3600 and 2500 cm™ was due to O-H stretching whereas an intense
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ring and (COH) side group band at~1047 cm™ dominates the spectrum of xylan with B
(1>4) backbone (xylan standards) while in the B (1—3) linked xylan two partially
overlapping bands at~ 1066 and 1030 cm™ are found instead (Kacurakova & Wilson,
2001; Kacurakova, Wellner, Ebringerova, Hromadkova, Wilson, & Belton, 1999). There
is a broadening of these bands of Yanang gum which could be caused by mixed 3 (1—>4)
linked with B (1—3) linked xylans (Ebringerova, Hromadkova, Kacurdkova, & Antal,
1994; Kacurdkova et al., 1999). Moreover, in  (1—>4) xylans the dominant band
positions are those of the glycosidic link and ring vibrations at 1125 and 1089 cm™. The
sharp band at ~897 cm™ corresponding to the C-1 group frequencies or ring frequency
which is characteristic of B-glycosidic linkages between the sugar units (Sun et al., 1996).
The difference in the anomeric region is a band position of 897cm™ for B (1—4) linked
backbone of xylan standards and the broadening of bands between 897 and 904 cm™ for
the remaining xylan mixed B (1—4) linked with B (1—3) linked backbone of Yanang
gum (Kacurdkova et al., 1999). Xylan-type polysaccharides isolated from plant are
usually contaminated with phenolics, lignin, protein and pectin. The phenolic and
proteins have specific absorbtion bands in the 1700-1500 cm™ region (Katurikova &
Wilson, 2001; Kacurdkova et al., 1999). The FT-IR spectrum of pectins are usually
overlapped by the uronic acid carboxyl and carboxylate vibrations at around 1730 and
1600 cm™ (Singthong e al., 2004). This is in agreement with the literature, where these
bands are assigned to different vibrations from the carboxylic acid (and carboxylate ion)
group in the 4-O-methyl-uronic acid substitutents in the xylan (Akerholm & Salmén,
2001). The high intensity of band around 1730 cm™ indicated a higher content of uronic

acid than xylan standards.
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3.4 Rheological properties

The effect of shear rate on viscosity for polysaccharide gum from Yanang leaves
of 0.5-2.0% (w/v) at 25°C is shown in Fig. 9. A shear thinning flow behavior was
observed at high concentrations (1-2%). However, the flow behavior of Yanang gum at
concentration of 0.5% showed Newtonian flow behavior at low shear rate region whereas
shear thinning flow behavior was observed at higher shear rate region. The change of
flow behaviors of Yanang gum at different concentrations could be explained by the
concentration effect of polysaccharides that are known be able to form ordered structures
through intermolecular entanglements. The application of a shear force to the
concentrated polymer system will cause the disruptions of ordered structures, which
would lead to a decreased viscosity with increased shear rate. (Lapasin & Pricl, 1995).

The mechanical spectra of Yanang gum at different concentrations are shown in
Fig. 10. The loss modulus (G"”) was higher than the storage modulus (G') at low
frequencies and the reverse was observed at higher frequencies for all three
concentrations. However the cross-over of G’ and G” occurred at frequencies of 2.5, 0.5
and 0.15 Hz for 0.5, 1.0 and 2.0% concentration, respectively. When the experiments
carried out at lower temperature, the cross-over frequency shifted to lower region,
indicating stronger elastic component (Brito, Sierakowski, Reicher, Feitosa, & Paula,
2005). The moduli of Yanang gum at 5°C was higher than at 25°C, although the nature of
the mechanical spectrum remained the same. On the other hand, increasing Yanang gum
concentration, G’ becomes greater than G” indicating a clear tendency to form
macromolecular networks. The increase in G’ with increasing concentration may be
explained by the increase in both the number and the average size of junction points

Clark & Ross-Murphy, 1987). The mechanism spectra of 1.0 and 2.0% Yanang gum at
rphy P gg
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both 25 and 5°C exhibited a weak gel structure as its G’ was much greater than the
corresponding G” and the two moduli was crossover at low frequency. The gel strength
observed for 1.0 and 2.0% Yanang gum is consistent with the previous observation by
steady shear measurement in which the apparent higher viscosity was attributed to the

higher effective concentration of Yanang gum.

4. Conclusion

The optimized extraction condition of polysaccharide gum from Yanang leaves
was identified as 1:6.6, 85°C and 100 minutes for dried Yanang leave to water ratio,
extraction temperature and extraction time, respectively. The major constituent
monosaccharide of Yanang gum was xylose, together with small amounts of rhamnose,
arabinose, glucose and galactose. The FT-IR spectra revealed that Yanang gum had a
similar structure to xylan. The rheological behaviors of Yanang gum were showed that
Yanang gum exhibited a non-newtonian shear-thinning flow behavior at 0.5% and above.
The mechanical spectra in the linear viscoelastic region, as a function of Yanang gum
concentration and temperature were studied. The cross-over frequency shifted to lower
region at lower temperature and/or higher concentration, demonstrating stronger elastic
component. This research just started the exploration of material. Further research is
undergoing in order to elucidate the structure and functional properties of polysaccharide

gum from Yanang leaves.
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Legend for Figures

Figure 1 Yanang leaves.

Figure 2 Response surface and contour plots of the effect of extraction temperature
and time on yield at the ratio 1:6.6.

Figure 3 Response surface and contour plots of the effect of the ratio of dried
Yanang to water and extraction time on yield at extraction temperature
85°C.

Figure 4 Response surface and contour plots of the effect of dried Yanang
to water and extraction temperature on yield at extraction time 100
minutes.

Figure 5 Response surface and contour plots of the effect of extraction temperature
and time on viscosity at the ratio 1:6.6.

Figure 6 Response surface and contour plots of the effect of the ratio of dried
Yanang to water and extraction time on viscosity at extraction temperature
85°C.

Figure 7 Response surface and contour plots of the effect of dried Ya-Nang to water
and extraction temperature on viscosity at extraction time 100 minutes.

Figure 8 Fourier transform infrared spectra of Polysaccharide gum from Yanang
leaves and xylans. (a) Full FT-IR spectrum, (b) Expanded FT-IR spectrum.

Figure 9 Steady shear flow curves of polysaccharide gum from Yanang leaves at

different concentrations at 25°C.
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Figure 10 Frequency dependence of storage (G') and loss (G”) modulus of
polysaccharide gum from Yanang leaves at different concentrations: (a)

25°C; (b) 5°C.
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Figure 1
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Table 1 The central composite experimental design (in coded level of three

variables) employed for extraction of Yanang gum.

Extraction conditions

Treatment solid:water ratio (X;) Temperature (X3) Time (X3)
1 1:5(-1) 25 (-1) 60 (-1)
2 1:15 (+1) 25 (-1) 60 (-1)
3 1:5(-1) 85 (+1) 60 (-1)
4 1:15 (+1) 85 (+1) 60 (-1)
5 1:5(-1) 25 (-1) 180 (+1)
6 1:15 (+1) 25 (-1) 180 (+1)
7 1:5(-1) 85 (+1) 180 (+1)
8 1:15 (+1) 85 (+1) 180 (+1)
9 1:10 (0) 55(0) 120 (0)
10 1:10 (0) 55(0) 120 (0)
11 1:10 (0) 55(0) 120 (0)
12 1:10 (0) 55(0) 120 (0)
13 1:1.6 (-1.68) 55 (0) 120 (0)
14 1:18.4 (+1.68) 55(0) 120 (0)
15 1:10 (0) 5(-1.68) 120 (0)
16 1:10 (0) 105 (+1.68) 120 (0)
17 1:10 (0) 55(0) 19.2 (-1.68)
18 1:10 (0) 55 (0) 220.8 (+1.68)
19 1:10 (0) 55(0) 120 (0)
20 1:10 (0) 55(0) 120 (0)

+=upper level, -= lower level and 0= center points
ratio is dried Yanang leaves : water

Temperature is the extraction temperature (°C)
Time is the extraction time (min)

Figures in parentheses denote coded level of variables.
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Table 2 Effect of extraction conditions on %yield and viscosity of extracted

Yanang gums.

Independent variables Dependent variables
Treatment Ratio (X;) Temp. (X5) Time (X3) %Yield (Y;)  Viscosity* (Y,)
1 1:5(-1) 25 (-1) 60 (-1) 1.73 264.00
2 1:15 (+1) 25 (-1) 60 (-1) 1.18 366.40
3 1:5(-1) 85 (+1) 60 (-1) 2.79 706.67
4 1:15 (+1) 85 (+1) 60 (-1) 2.24 181.67
5 L:5(-1) 25 (-1) 180 (+1) 2.98 135.60
6 1:15 (+1) 25 (-1) 180 (+1) 2.15 779.73
7 LI:5(-1) 85 (+1) 180 (+1) 4.51 420.80
8 1:15 (+1) 85 (+1) 180 (+1) 1.05 198.93
9 1:10 (0) 55 (0) 120 (0) 2.56 1588.53
10 1:10 (0) 55 (0) 120 (0) 2.02 1434.67
11 1:10 (0) 55 (0) 120 (0) 2.45 1623.33
12 1:10 (0) 55 (0) 120 (0) 2.15 1842.00
13 1:1.6 (-1.68) 55(0) 120 (0) 2.39 303.20
14 1:18.4 (+1.68) 55 (0) 120 (0) 1.44 272.27
15 1:10 (0) 5(-1.68) 120 (0) 2.00 872.67
16 1:10 (0) 105 (+1.68) 120 (0) 2.75 572.00
17 1:10 (0) 55 (0) 19.2 (-1.68) 2.22 869.33
18 1:10 (0) 55 (0) 220.8 (+1.68) 2.22 293.87
19 1:10 (0) 55(0) 120 (0) 2.33 1688.67
20 1:10 (0) 55 (0) 120 (0) 2.01 1736.67

* 1.0% sample (w/v) using spindle number 2 speed 100 rpm. The viscosities (cPs) of

sample were measured by Brookfield Viscometer model DV-II".
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Table 3 Response surface model for extraction process of Yanang gums.

Response

Quadratic polynomial model R’

81

Significance

%Yield (Y))

Viscosity (Y2)

Y, = -1.19885 + 0.24383X, + 0.035527 X, 0.80
+0.021424 X5 - 3.30624x 107X, > +

8.88649x107X,% + 6.99380x107°X;2-
2.19167x107XX; -1.32917x10°X,X; -
1.17361x107*X,X;3

Y, =-3387.79421 + 426.08568X + 0.97
58.16183X, + 23.89365X; - 20.03240X %
0.38573X,% - 0.11025X;7 - 1.24450X,X, +

0.35202 X X3 - 0.038440X,X;

0.0279

0.0001
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Table 4 Chemical compositions of Yanang gumes.
Composition (%) Yanang gum

Moisture 7.63£1.32
Ash 8.46+0.99
Protein 6.5910.07
Lipid 1.26+0.97
Total sugar (as xylose equivalent) 59.47+3.45
Uronic acid 10.12£1.15

(as galacturonic acid equivalent)

Monosaccharide (relative %)

Rhamnose 0.50+0.08
Arabinose 7.70+0.18
Galactose 8.36+0.64
Glucose 11.04+0.54
Xylose 72.90+0.71
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Abstract

Yanang (Tiliacora friandra) 15 a vegetable used in the cuisines of the northeast of
Thatland and Laos. Preliminary experiment revealed that Yanang leaves contained
substaintial amounts of pelysaccharides. This paper reported the optimized extraction and
some physicochemical characters of polysaccharide gum from Yanang leaves. The
optimuized extraction was at the sclid:water ratio of 1:6.6, temperature of 85°C, and
extraction time of 100 minutes. The major constifuent monosaccharides of Yanang gum
waere xylose and small amounts of other neutral sugars. The FT-IR spectra of Yanang
gum was simlar to that of xylan. Yanang gum exhibited shear-thinning flow behavier and
the extent of shear-thinning was concentration dependent. The mechanical spectra of
Yanang gum at low concentration (0.5%) was typical of semi-dilute fo concentrated
solution. However, with increasing concentration, the solution tended toward a weak gel
behavior.

Kevwords: Yanang, Tiliacora friandra . Polysaccharide gum. Xylan, Yanang (Tiliacora
trigndra) Leaves
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Abstract

Yanang (Tiliacora triandra) is a vegetable used in the cuisines of the northeast of Thailand and Lao.
This paper reported the optimized extraction and some physicochemical character of polysaccharide gum from Yanang leaves. The

substaintial amounts of polysaccharides.
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Preliminary experiment revealed that Yanang leaves contain

optimized extraction was at the solid:water ratio of 1:6.6, temperature of 85°C, and extraction time of 100 minutes. The major constituent monosaccharides of Yanang gum were
xylose and small amounts of other neutral sugars. The FT-IR spectra of Yanang gum was similar to that of xylan. Yanang gum exhibited shear-thinning flow behavior and the extent
of shear-thinning was concentration dependent. The mechanical spectra of Yanang gum at low concentration (0.5%) was typical of semi-dilute to concentrated solution. However,

with increasing concentration, the solution tended toward a weak gel behavior.
Keywords: Y

Introduction

Yanang, Tiliacora triandra (Colebr.) Diels, is in the family of Menispermaceae. It
is a specie$ of flowering plant native to mainland Southeast Asia, and is widespread in
the northeast of Thailand. It is used particulary in the cuisines of the northeast of
Thailand and Laos especially in bamboos shoot soup. Chemical analysis revealed that
Yanang leaves contain high levels of beta-carotene and minerals, such as calcium and
iron. The extract from root of this plant is used as a medicinal herb for treatment of
fever, malaria and antipyretic (Wiriyachita and Phuriyakorn, 1981, Asean Center for
Biodiversity, 2006). Yanang’s leaves can form viscous in water. The viscosity
contributing components (hydrocolloid/gum) in Yanang could be another source of
natural polysaccharide. The aim of this study was to optimize the extraction process of
polysaccharides from Yanang leaves and characterise its physicochemical properties.
Materials and Methods
1. Extraction optimization

Yanang leaves, procured from a farmer’s market in the Northeast of Thailand
(Ubon Ratchthani province), were cleaned with water to remove dust and infected
leaves then dried at 60°C for 3 hours. The extraction was carried out under various
conditions according to the central composite design (CCD) with a quadratic model
(Myers, 1995). The effect of three independent variables, i.e. solid:water ratio, X1
(1:5-1:15), temperature, X2 (25-85 °C) and Time, X3 (60-180 min) were determined,
and the detailed experimental design is shown in Table 1. The independent variables
were coded to three levels of -1, 0, +1. The dependent variables were the yield (Y1) and
viscosity (Y2), which represent both quality of the gum. The optimum conditions for
extraction of polysaccharides were determined by response surface methodology. All
experimental data were statistically analyzed by Design-Expert® software (Version
6.0.10, Stat-Ease, Inc., US).

2. Chemical composition

Moisture, protein and ash content were determined according to the AOAC
methods (AOAC, 1997). Total sugars and uronic acid content were determined using the
method of Dubois, et al. (1956) and Blumenkrantz and Asboe-Hansen (1973),
respectively. Monosaccharide compositions were analyzed using a Dionex HPAEC
system (Dionex Canada Ltd., Oakville, Ont., Canada) equipped with pulsed
amperometric detector (PAD) as previously described by Wood, et al. (1994).

3. FT-IR spectroscopic method

Yanang gum and xylan standards were dried and stored in desiccators prior to FT-
IR analysis. FT-IR spectra were recorded using a Golden-gate Diamond single
reflectance ATR on a FTS 700 FT-IR spectrophotometer with DTGS detector (DIGI-
LAB, Randolph, MA).

4. Rheological properties

All rheological measurements were determined on a ARES controlled strain
rheometer (TA Instruments, New Castle, DE, USA). A parallel plate geometry (50 mm
diameter, 1.0 mm gap) was used for both steady shear and oscillatory measurements.
Results and Discussion

The optimized condition were 1:6.6 , 85°C, and 100 minutes for ratio of dried
Yanang leaves powder to water, extraction temperature and extraction time,
respectively. The major constituent monosaccharide of Yanang gum was xylose,
together with small amounts of rhamnose, arabinose, glucose and galactose. The FT-IR
spectra revealed that Yanang gum had a similar structure to xylan.

Fig. 1 Contour plots of the effect of the ratio, extraction temperature and time on yield.
(a) at the ratio of 1:6.6, (b) at temperature of 85 ° C, (c ) at time of 100 min

anang, Tiliacora triandra , Polysaccharide gum, Xylan, Yanang (Ziliacora triandra) leaves

Contour plots of the effect of the ratio, extraction temperature and time on viscosity.
(a) at the ratio of 1:6.6, (b) at temperature of 85 ° C, (¢ ) at time of 100 min

Fig. 3 Chromatogram of Monosaccharides.  Fig.4 FT-IR of Yanang gum and xylans.

The rheological behaviors of Yanang gum were showed that Yanang gum
exhibited a non-newtonian shear-thinning flow behavior at 0.5% and above. The
mechanical spectra in the linear viscoelastic region, asa function of Yanang gum
concentration and temperature were studied. The cross-over frequency shifted to lower
region at lower temperature and/or higher concentration, demonstrating stronger elastic
component.

modulas (Pa)
loss (G") modulus

a

Storage (G')

10

Frequency (Hz) Frequency (Hz)

Frequency dependence of G’ and G” of Yanang gum at different concentration.
(a) 25°C, (b) 5°C

Fig. 4

Conclusion

The optimized extraction condition of Yanang gum was identified as 1:6.6, 85°C
and 100 minutes for the ratio, extraction temperature and extraction time, respectively.
The major constituent monosaccharide of Yanang gum was xylose, together with
small amounts of rhamnose, arabinose, glucose and galactose. The FT-IR spectra
revealed that Yanang gum had a similar structure to xylan. The rheological behaviors
of Yanang gum were showed that Yanang gum exhibited a shear-thinning flow behavior.
The cross-over frequency shifted to lower region at lower temperature and/or higher

concentration, demonstrating stronger elastic component.
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