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Abstract

Project Code : MRG5180042

Project Title : Fiber extraction and purification of malva nut and the modification of its

physical property to reduce diffusion of glucose in dialysis bag

Investigator:  Assistant Professor Dr. Anchalee Srichamroen
Department of Agro-Industry
Faculty of Agriculture, Natural Resources, and Environment

Naresuan University

E-mail Address: anchalee1@gmail.com

Project Period: May 15, 2008 — May 14, 2010.

Abstract:

Mucilage of malva nut fruit has been used as traditional medicine in Thailand.
Health benefits of this mucilage are linked to its gelling property. This research was
firstly aimed to extract dietary fiber from malva nut seeds and evaluate oscillatory
rheological properties of malva nut gum (MNG) in different conditions of solvent (pH,
ionic strength, and co-solutes addition), compared to original MNG. Alkaline extracted
MNGs showed higher storage modulus than did the original MNG. FT-IR of alkaline
extracted MNGs showed carboxylic bonds with the reduction of galacturonic acids to
increase the storage modulus compared to that of original MNG. Addition of guar gum
into MNG solution increased storage modulus in either salts or acid containing system.
The second objective of the research was aimed to investigate the effect of MNG on the
retardation of glucose diffusion in in vitro dialysis processes. The results showed that
alkaline-extracted MNG significantly (p < 0.05) reduced glucose content in dialysate
compared to control containing no dietary fiber. The mixture of MNG and guar gum
significantly (p < 0.05) reduced glucose in dialysate by 50-82% compared to that of
control. In starch digestion process, the mixture of MNG and guar gum showed greater
reduction of glucose (3-7 folds) in dialysate at 15-30 min. In conclusion, extracted MNG

has the potential to modify glycemic status in human.

Keywords: malva nut, gum, rheological property, glucose diffusion
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Effect of dietary fiber extracted from malva nut seeds on inhibiting glucose
diffusion through dialysis bag
Anchalee Srichamroen'*, Visith Chavasit’
'Department of Agro-Industry, Faculty of Agriculture, Natural Resources and
Environment, Naresuan University, Thailand 65000
’Institute of Nutrition, Mahidol University, Thailand 73170
Abstract

Mucilage of malva nut fruit has been used as traditional medicine in Thailand.
Health benefits of this mucilage are linked to its gelling property. Our laboratory has
succeeded in extracting malva nut gum (MNG) from malva nut seeds by using
alkaline-extraction method. The extract had higher gelling properties compared to
water-extracted MNG. The objective of the present study was aimed to investigate the
effect of MNG on the retardation of glucose diffusion in in vitro dialysis processes.
The results showed that alkaline-extracted MNG significantly (p < 0.05) reduced
glucose content in dialysate compared to control containing no dietary fiber. MNG at
1% (w/w) concentration was more effective than that of 0.5% (w/w) concentration.
The mixture of MNG and guar gum significantly (p < 0.05) reduced glucose in
dialysate by 50-82% compared to that of control. In starch digestion process, the
mixture of MNG and guar gum showed greater reduction of glucose (3-7 folds) in

dialysate at 15-30 min.

Keywords: malva nut, gum, oscillatory rheology, glucose diffusion



From ICN 2009 Scientific Program Committee
<newsletter@testsendblaster.com>

reply-to  scprogram(@asiacongress.com

to anchaleel@gmail.com

date Fri,Aug 21, 2009 at 10:36 PM

subject ICN 2009 Poster Presentation Schedule Confirmation

Dear Anchalee Srichamroen:

On behalf of the Scientific Program Committee of the 19th International Congress of
Nutrition, I am pleased to inform you the following details of your Poster

Presentation:

Session Date: Wednesday, October 07, 2009

Session Time: 09:30-10:00 hrs. / 15:30-16:00 hrs.

Session Room: Exhibition Hall 102 (changed from Exhibition Hall 103)
Session Title: P110: Food Composition and Biodiversity 11

Poster No.: P110-03

Presentation Title & Author:

FRACTIONATION AND ISOLATION OF POLYSACCHARIDE FROM MALVA
NUT SEEDS (Abs. #1660)

Anchalee Srichamroen, Naresuan University, Thailand



Elsevier Editorial System(tm) for Food Chemistry
Manuscript Draft

Manuscript Number: FOODCHEM-D

Title: In vitro retardation of glucose diffusion with gum extracted from malva nut
seeds produced in Thailand

Article Type: Research Article (max 7,500 words)

Keywords: malva nut; gum; glucose; diffusion; dialysis; a-amylase
Corresponding Author: Miss Anchalee Srichamroen, PhD
Corresponding Author's Institution: Naresuan University

First Author: Anchalee Srichamroen, PhD

Order of Authors: Anchalee Srichamroen, PhD

Abstract:

Mucilage of malva nut fruit has been used as traditional medicine in Thailand.
Our laboratory has succeeded in extracting malva nut gum (MNG) from malva nut
seeds by using alkaline-extraction method. The extract had higher gelling properties
compared to water-extracted MNG. This research was aimed to investigate the effect
of MNG on the retardation of glucose diffusion in in vitro dialysis processes. The
results showed that alkaline-extracted MNG significantly (p < 0.05) reduced glucose
content in dialysate compared to control containing no dietary fiber. MNG at 1%
(w/w) concentration was more effective than that of 0.5% (w/w) concentration. The
mixture of MNG and guar gum significantly (p < 0.05) reduced glucose in dialysate
by 50-82% compared to that of control. In starch digestion process, the mixture of
MNG and guar gum showed greater reduction of glucose (3-7 folds) in dialysate at
15-30 min.
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1.2) N139ATFRIALTZNaLNNAR (proximate analysis)
o = o v a al %’/ -] = 6 1
nnsunaziaaagndnsadliazidaaiiawia 0.5 um aantiuinlidimesisie il
TPANTUAILLATENAL (hot air oven) NARMMAR 105 avAmaliaa unan 2 dalue 49
PYminaunduutinmei
AATEFINLEAREAN furnace NRUAN 450 agAmaLEed Winan 12 dqlue ven

q a

nanlusisnandndu 1% wdadn furnace an 1-2 dalus Wedaanisrnudanysalaudaetig
wasuiluindang
Azl sAuAqeRs Kjehdahl method (AOAC 1990)

ATz lusiu AaeLATad soxhlet apparatus (AOAC, 1990)
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1.4) HANIINAABITDINIIANA LEIB1MNFAINGNATBIVILNAR

1.4.1) 29ALIZNELBINIUBIQNENTE

o :l/ [ = o a dll %
ANANTAILANNAANTUIADYNIA 0.5 pm uﬂ?mmma‘mmﬂwu, Iﬂ@mu, L‘EI@GLEI, b0,

k3 1
ANNTU AR lUANT197 1 Ansulsunnuenslulawmes Tdannnisanunn

AN 1 B9ALIENALANTDINTLBIQNANTRILATIUNAR

NALIENALRIT (% Wiw) UAR IR
LT 129+0.5
Talafiu 16.8 + 0.7
st 6.2+0.2
1N 4.4 +0.1
Lﬁlﬂﬁlﬂ (crude fiber) 6.1+£0.3
A5l am(TaennsAN UG R) 53.6

AU lEasm AUAn 100 - TsRu- lasi- 18- itiale-Aanua
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= N = = o o v >
upazidan TnaduainnisAneszaznaimunzanlunisanaladudaeaniay (Hexane) tneld
Soxhlet apparatus (AOAC 1990, 945.16) manwudinisldiian 10 dalnaflusuliazin1dg

unladiuaanaingndisasunazidannin 85-97 % (3u 1)

iBnatlasiu (%)

4 6 8 10 12 14 16 18 20 22 24
nan (Hr11u9)
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1.4.3) nsannaldsAueanaingndnses uaztFNInNakan (%yield)
o o a dl 1 o o A o o a
innsgnénsesunazidaantiunisainladueenanneuun  liianisaiallsAueen

ananssnaeng Ineldansiaiiating19sine) 1w NaOH, Na,CO,, LiCl, KOH flugi iawn pH 7

a 1

a o . . . = ' P o ' = ° =
WAnmAeaiy  isoelctric point (pl)  2eelUsAuumaziaNesluasmiiegne  deaznnlillsmu

u
v

pnpzney dunauilfiasldinarninlunisman pl 1esusazAiNaIazaINIsaAIIEIINENN

Tsaunmasay luasaingaine Inadoulugwudndedlifzunulilsfumaseguinnii 5% Gedn

X v =

dflulismiupnArannniiulduneminliasainiiaauisgnd (1199 2) Asfesdnisdiunlas
nsldanseiiuazinqn pl Nangaain lillsiuanaznauuanainansain Ui 2 ludaesing
dupeunisanallsmiudeanisld 1M NaOH Gefaildsmutwitleustluansain 6.5% uazd

UFUNUa981 A 15 %yield



A1314 2 USNNUa38nm (% yield) wazldsiunmaaluansain

AREITGIN %yield Bunoulusiu (%)
1M NaOH 15 6.5
Na,CO, 12 6.0
LiCl 10 5.0
KOH 16 9.0

71 2 dumeunisannllsfiuaingndnsesinaldansazae 1M NaOH

Malva nut powder
l Hexane extraction, 10 h
Defatted Malva nut powder + water ratio 1: 50
l 100°C water bath, 15 min
adjust pH 11.1, stir 1 h
v

centrifugation at 10,000 x g, 30 min
I I

precipitate supernatant
I adjust pH 4.92, stir 15 min

centrifugation at 10,000 x g, 30 min

precipitate supernatant
I adjust pH 4.8, stir 15 min

centrifugation at 10,000 x g, 30 min

precipitite supernaIant
l adjust pH 4.1, stir 15 min

centrifugation at 10,000 x g, 30 min
I I

precipitate supernatant



91l 2 (sla) Fumaunsainllsiuaingndisasinaldasazans 1M NaOH

supernatant
adjust pH 7, stir 15 min

centrifugation at 10,000 x g, 30 min

precipitate supernatant

v

added absolute alcohol 1:2, sit overnight
v

filtration
v
added absolute alcohol 200 ml, sit 1 h
vacuum filtration
v
Malva nut gum
- presented in dark color
- containing protein 6.5% (w/w)

- provide 15% yield
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= [ = . . o :j/ ) dl !
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wWasndiuuengailansezann Nwtdnidu 40% 1e9gndises iwWaendunanalansued

¥ Y o o ~ o o o A A o X A
UIPALUN Lﬂu‘ﬁuﬂ’]\‘lpl Nuuminiil 5-10% m@ﬂ@ﬂ@q?ﬂ\‘] Luﬂlu@@ﬂ@ﬂ‘]ﬂ'mﬁLu@LLuu@mqq

11 Jriminiu 50-55% 1eatimingndises



313 anwaedINgIINMIAAYIN (cross section) UBIZNE1TDS ﬁaﬂﬂﬁaoﬁ;amiﬂﬁ

LRAIFIARlATIRIIRA N R anTunan, wWlanTunany, uazibhanieln

w2
wasnsuuen

2
welu

w2
1WasnFunag

2.4.2) avALsEnaLN AT (proximate analysis)

anénsedusiazdan (fraction) NeIALIsTNaLIIBIANTONWNTUANANTY AIUAAIANII
7 3 waentuuenifluumssesnfiulamenaaniudelaluFuin 75.4 %(w/w) laeid
Fwnusnesinfiearanstn  lwaneiuaendunansdidenfulansnsuiuidels 64.6%
(wiw) uslaiazanenin dwsiiteluihumasedsiin wazlau WiBunns 23.9%, uas

12.3% AINAFL



M9 3 B9ALIENILBINIIURIGNANTRIUFRZ A

Proximate analysis (% w/w) Lﬂﬁ'ﬂﬂ‘%uu’aﬂ Lﬂaﬂﬂ‘%uﬂm\i Lﬂ@élu
ANHTY 12.1+ 0.8 10.2+0.6 10.5+0.5
T1lshu 59+0.1° 17.6+0.3" 23.9+0.5
Tt 0.2+0.01° 0.8 +0.02" 12.3+£0.04°
1N 6.4+04° 6.8+0.3° 3.0+02"
Fale 8.1+0.9" 227+15° 40+05°
A Slulamsm(lnenng 67.3 41.9 46.3
ANUIE)

“° ANANLANANNN9EDR (p < 0.05) WFauneuluuuIuey (row)

ANFTUlERTR ANURLANn 100 - TuU9Ru- Tusdu- 18- Eiale-Adua

2.4.3) Usnnouansana (% yield) luuaasasnisana
n3afnlaaInsangnénsasaens Wy nisainsaaiazANFa, N19ain

1% = o v % A = o % a v a v
AUANTLAN, NITANANIELUN 17D @W?LﬁNLLZ\]Uﬂ@m?’ﬂsﬁuﬂ, ﬂ'ﬁ‘@ﬂﬁﬁﬂ@ﬂ@q?@3@qﬂ1ﬂtﬂ?L@u

weSaanlts MR lANanan (%yield) 109LAALAT IUdUNaza181n (soluble fraction) T
Pasnasuansneiu Tnenwudinisaindastiiuazpnfenlinanangaiign 30% (wanalu
31 4)

91 4 WAHAR (%yield) 1a9aTan AL aZAETN

a

35 - a
30
25 - b
20 -
15 | T c c
10 -

HH
o

HH
HH

%yield

HH
HH

a

¢ AANUANFANININATAN p<0.05



nglszaeAn 2

o

AnmaNTiEnenenmaesansainaingnanses wWrauiauiulaaimianming

11n19N19AN Wi INARY, HaNH

A3N19IMAAD

n175ARINNNTIA

a

wistNasanea i RO Tiaaadindu 1% (wiv) dirldansluenstiaauangmungi

Waliararaatinsanysnd daA1ANNLAGIELATEY Brookfield model DV-IIl AYNi3a9a1
0.5-250 saLGABUNT NYUUYH 25 B9ATALTHE

a

n17UATIEUNITIWENF 1L

' 1 ¥ 1
o aa o [

Fednuiillazaneirfianldimin 0.5 nfu  ldasluvaeaneaesiithinnguer
131704 10 NaRAAT mm%ulﬁmm’f@ulu@'mﬁﬁﬂuﬁ@qmmﬁ 80 avAmaLisailunan 15
Wi FelE ISy ﬁﬁiﬂLﬁqu‘?lmﬂumémwﬁ@uﬁﬂ@N (Centrifuge) finnnmi52 5000 saUsie
wnflunan 15 wd %@ﬁmﬁﬂqmﬁmm@amuﬁmmﬂ@u LADATUITUNIANNNINANFDTE

nisuaNty TnenisvnstiudngavinasastinuinBusu

NANTTNARNR
U = . .
ANAINNNUA (viscosity)

ANANNHEATENEIUTIATAEUNAINAENNTATATISUNA (31 5) amnsndnutisaantily
= a A
x

NNTANARLNBLENTUA

o

Y P A o o P ~ ot A s
ﬂ@ll‘lﬂqq ﬂ@NVIMﬂ’]ﬂ%ﬂﬂm’ﬂﬁﬁuﬂf%Nmm’muumngﬁm ﬂ@qlﬁ/]
= L p o o L e o o N A
lan (150 llllﬂ?@u) qzﬂﬂf]ﬁqqﬂﬂuﬂ@]\ﬁ@\?@ﬂﬂ’] ﬁqﬂﬁ'ﬂﬂ@qﬂﬂmﬂq?@ﬂﬂiﬂﬂi‘ﬁmq?LﬂNLWﬂﬁ

Y ~ A o A ' = | Ay v Xo a
‘ﬂﬂ’mme‘-\:s\lmmwmummmgﬂ LL[ﬂV’nﬂqqmﬂu@nﬂﬂqmiﬂqqﬂﬂqimm@‘ﬂﬂﬂﬁ\ﬂu@@Q']Nﬂ']

A ai o o o
ﬂ’JWNMHﬂVIQ\‘I‘W@LMN’WZZ\YMTLIH’]VMBL‘HHQI?lZ\i’]Mﬂﬁ‘ﬁ‘ll'EﬁM"]ﬁ‘

10



515 anuntinaasansannludiunazaiaiin dnsaeiasas Brookfield model DV-III

AN9ANANTNNIMNAZLNAIHANTU 1% (W/v)

5000 -
4500 -
4000 -
3500 -
3000 -

2500

2000

viscosity (cP)

1500
1000 -

500 A

0 4

ANAINNENEA (swelling power)

'
o al

AN

25 A9ATLTALTYA

—e—jr-heatl5min

—s—H202-300um
H202-150um
aind-aulaH202

—¥— 5%alc-10minUS soluble

—e—1{1-10minUS-nsasiinaniung

—+—1180C-10min

insoluble5g+600ml

Tunnsafnanslainacldansdaunazaariuardaunliazanesin dmiuaisdoun

' 901 as] [ ?:/ a o ?:/ a’l’ v o [ % 1 o ¥ ]
VLm:mﬂmmnnmﬁMMﬂmmuumiumw-mmmimmiﬂqmmmiwmm ﬂ’)ﬂﬂ’]ﬁ‘u’]ll‘ﬂ

TluMeNAMELATeY centrifugation NAMNIFITAL 5,000 F8LABUNN WUINANTATARNNTNES

o

Fogaduinld inlildanunsousninaananniald WeneasufonANiETaLNgINgALes

v

v
1PFRSEe (13,000 saUAUNT) NUAIHANHLIAN Ao asanngadutnld 100% Awiuasly

aunsninAtaNnasinaedluasanadaui ldavanein  atelsfinudngilszasdnes

TasannsIsapsatinanigtin laatnsaiagaunazaneinld 19iss Tamisal

11



ngilszaeAn 3
dl o o -dl o v
nsanaunalianaeliulpauaniinananiwaesleannsiaialdaingn

41984

2BN1IMANDY
3.1) M@l ssinnnsn-eng (acid-alkaline treatment)

MNN131A19 monovalent alkaline wianeta (1 KCI, NaCl, KOH, NaOH, LiOH)
Ay divalent alkaline (1 CaCl,, CaSO,, MgSO,) Lﬁﬂv‘hmmﬁmiﬂfaﬁmimr]@Jﬂz?him HA
wuindaneafiauiledanan monovalent alkaline inligndnsasinainaaganingndnses
FatRy yaitlgmnnsiimszirusynelulasiaiievesleevnsiada i Fou faut
el,ﬂmmi@jm%’ﬁmﬁ%\uau $n¢i3 Fourier Transform Infrared Spectrometer (FT-IR) mm::‘f:%’
fuseanAnsnssiedinavaiiag naunIneTAunatloyayn Fes “nezuaunisanmlenmis
aniudngndnses  Tegliwunesdudeutudvainstu  wadldTuimaiifaeiudnins

L7 0901003455 #3317 30 NINGIAN 2552

3.2) nmatfudlgslassadrslaannssnaianlad

nsldienlasd pectinase, uaz cellulase Wesnulasinseaieansannloaimnsaingn

A1904  wAunlAAinanalRs WUINENNNARARRIETLANANIAIAUAN  TIAIALNA

dl 10 1 % o 4' o 1
annsfienlasflaismnssielrsiaieresgndises atedsliinemeanulunnsanslaues
U dl agllu/ =® v Qi v a o
dayanaru nadnnalaNaF 9N uiase0Ignan9es

HaNLdat lugaeeanisldansiail monovalent alkaline lakada (Aede 3.1) afnig

Taulasl Wasanidudsnldsunugeuasnadnsiliaueg fuanuidgnazeseulsd Telu
o Lo -

o Aa ¥ o‘d‘ < ] o 174 Ly 1
nsinadauaiillfieulniudgns  winsinllldlselaminnsgparunssuaimnsanaas Tyl

q

ANANTLINTAIYY

3.3) mveaauantianIafaaa wWraumauiuloamsaiaaunisnisan (eun wwas
LD
= a nl/ 9; . . Y Aa dl
wiranansazasloamsnaiinlaanisdann (deionized water) udainleanmi
Hauneun1A 0.5 um IneEannANdndiy 0.5%, 958 1% antuinansazataunen
FuiminAusnanaunuiigoielussudnenissin - andudilddaAianuniiniay

AFNALRaseLATEY Paar Physica MCR 301 (Physica Messtechnik Gmbit, Stuttgart,

12



Germany) Ineldtiaaluszuunisda CC,, lunisinAinisinaeald strain 9v1919 0.01-
100% TneidlAaND 10 rad/s TANgOIMAN 25 BeATalTea
HANTINAADY
- FT-IR
gnansasninisainmaasazaaf i laseasiussuans19aIngndisasiny

Tnemvuanlaifsiugslutdag 1736, 1619, 1520, 1380, 1320, 1256, 1149, and 1102 cm' (g1

dl | [ dl dl ¥ o a . . =2 1 2 a o Y a
6) Faluiusznaadasiunanglstin (uronic acid) asananaalidinsaglatininlfmianis

Handszqseudnalaseairaluianannliinisinaaasnas
g6 FT-R2adleamnsainaingnérsesfsauiisuiulaensaingndisestns

173670 151978

1379.40
13199z 114311

% Transmittance

1423.24

162305

344649

005 M NaOH

Original MNG

40000 3000 2000 1500 1000

; 1
Wavenumber (cm)

a 1% o d’ (4 ] ¥
- Li/?‘IEI?‘_IWIE/iIZ\ﬂNZV5"1\7f&lé@f]ﬂﬂﬂ?ﬂl@’77/7’)5‘1/1@’77/714’751‘1/1’7\777’75‘@’)

laannsannangnénsasiiusentiasninwaiuwazinnuatnedniaun (g1 7) wsid

|
A o

aneole FT-IR adnaiuiuesndn (gum Arabic) adnslefimuiiagiaanaaasanmaniiinng

u Q

Aaasaani1tin Rheology manudninemdnldiiaea Dauddnaziinanududuives
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Tniflu 30% (wiw) asagillsan nem FT-IR daauadnanasiuus lauisuansaniaunis

NanEn WAt ALRL

9117 ulsuwen FT-IR ssndwlgamnsanaaingndisesuarloaimnsiiansanmiie

Guar Gum

Pectin

%T

Gum Arabic

Taarmrsain

anandnsal

19980 1900 1200 1700 1600 1500 1400 1300 1200 1100 1000 200 200 700 5904
-1

- ANIANTANIAAAATENAFATA
Wa13an A naaeuaniinng  rheology  WUINANTATANANAYNNUARALAZNNTLAA
_agandunARY atlesieeliinARugis 2%wh) AsiANIaAnKRage enFauauiy

ansainnAuding 0.5% (wiv) (31 8)

7l 8 WRELWEUNIRARATENINN 0.5% leanunsainaingnénsed waz 2% mAm

]
|
Pa|
e]
10 %
|
% ————
10$_| e g
Log G |
(Pal L o gt
| |c_‘ = —0—= o > — o5 ——o— s’
10 1
_E.._ i — e e - —
1}
10{
i \
.
101 =+ =
01 1 10

Angular Frequency e s
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Log G' (Pa)

10 f
01 1

- ANFWATANA NI NTUFANITINAIAA

e Mdnduloanmnsainaingndisas aan 0.5% (ww) i 1%(ww) ua

1A a QI d? dl [ QI aa o o a o '8 dliz
WudENsnaRaiNTuNIn (31 9) auiudainadiuiunis g unansiugiaunsnsesnis

| A =
ﬂQWNLﬂuL@@M?@ﬂQ’]NMuﬂQQ

silo  uhsumaulaamsainaingndisasiarlaasgndisesilng

(gUde) Aonadndu 0.5% (wiw)  (gU) A Mdisds 1% (wiw)

(¥ 0.05M NaOH, m 0.1 M NaOH, 0 0.2 M NaOH, Olganusgndnsesiing)

- ———a—

-
L . ¥

o ————n

———O—0——0
gD e o o o

it

Angular Frequency e (1/5)

-
o
]

Log G {(Pa)

=
o

01 1
Angular Frequency e (1/5)

- manaaaluasazarenaslmagunas lss
"Lﬂmmmﬁmmqﬂzﬁ’wmLL@ﬂﬂ@ﬂm@mngﬂﬁwmﬁmmL%’u%’u 0.5% (w/w) e

nanfulmReLaaelafAEddL 0.5% (wiw) nudndnsazaneiifnea usieifinaay

dnduzedlaavnadu 1%ww) nefinaelnaeuaaelssiannududi 0.5% (wiw) ua

wUdNg17azANelnsRnEa win1sluaaanasainnis M leanunidnd 0.5%wiw) e

ag1aaen (31 10)
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31 10 leemnsainaansdndu 0.5% (wiw) (V); laamnsainmanaidudu 1% (wiw) nas

naalmnaNAanlss 0.5% (ww) (m)

-

Log &°

{Pa) . —8 a8 —8 —a— & —8—~% L] - g

0.1 1 10
Angular Frequency w (1's}

- Maasugnadenaniylee1rTingy (synergism)

[ o o

laamsainaIngnénsesaudndu 0.5% (wiw) HaNAU faris (guar gum) AN
¥ % ¥ A = o 1 a a
N 0.5% (w/iw) wdongsinanlaasuaaalss 0.5% (W/W) HANLAINATAZANUNNTINALAR

MlAaanuansiafndnasazanslaanmnsainaingndisasauidudu 0.5% (wiw)
Weeeingaen (31 11) wanednnisldlaennsassaiingonniu inliauduaanesly

8111192NgN419991LENAINAU (no macroscopic separation)

g1l 11 lsanunsarinacndndu 0.5% (wiw) (V); leamnsainaaudindu 0.5% (wiw)

NANARAN 0.5%(w/w) Hasnaalaaanaaalss 0.5% (w/w) (H)

3
10

Log &

(Pa) M —
L

|

0.1 1 10
Angular Frequency e (1/s)
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[ %

mnLszagAn 4

o

Anwnaveslaensiqranainliaingndises  senisaanisindeuinaeinglea

FNUTIaTTUEN dialysis

3BNINAABY
NINARBLNNTUNTTBIANTALANENIUNINNAUGY  dialysis  1uAsNgnWmuITae

UnanenAmanfuNying ndnnisresistreniIaNsagnazats 2 1Haliluge  dialysis

o

anin luglunrusnussqun - deionized  MldRdagnazana  udainlilanglusnsin

u

ALANGUANN 37 aamgaiiea weidun sRuIULg MR L9 HNYEE NN19LiL

anrazans ludouin deionized Wanandull 15, 30, 60, 90, 120 WM 3NAT 2 HAdART

[ %

d’ dlo -lil 2 v a =l a o % A
Tnanmuel  fdulfuwiAnunainnisdauiuunislssidussiuiimaluaentes
wywtnenaInsidiuansazanenglaa
a o :j/ d’/ ¥ o o = 1
NuAdepiildeanuuUNAaaUANsaAinaINgnd1ses  (Fand1  extracted MNG)
~ o ) o ' = | L. Xo o
wWrauauiulaanmsaingnéisesnanung (Fandn original MNG) wanaIniigaianig
Wrsnaunseuddaiulaasiony (guar gum), uaziiaglas (cellulose) LaNAAaLIIN
ansannangndsesianantianisilasiunisunsaednglaalndipesiuloamnsaiia
avaneinviTe lea1nsiie lavaieun
NAeATnINIMedaLANdNITaTealaan s azaiia lunnsdauqnanig
° - = o prp v v
N19NUL8 % Lesd 0- amylase TNNALBLALNITNANANTAZANELTNN AN N

4%(wiw) fuleanmsusiazaiinluge dialysis ndsanniinlldluniauziui deionized uan

1
A

v
elugeauaNguni 37 asrnadaailung 30 W ieiuansazansaunn

1
al 1

deionized 15ums 2 HadansneirhiAwsziiliununglaangneeaaaiassianlad

a

o- amylase

1 v
=

IN14e03arT ialysis NN lUAAINEFAEATN19N9 HPLC (139w
Usnnnunglaaiiiuniianuge dialysis gniinliiiasziis

Shimadzu, Kyoto, Japan) Feiinnsldaaansd Inertsil® NH, 5 um, dimension 4.6 x 250 mm.

a

wandaunaa CH,CN/H,0: 75/25 Taafidnsnislua 1.0 mUmin guugi 40 °C. n19

maoadycunnuld refractive index detector awaunIndnanslasaLAAmdNdl 0.01

mmol/L. 1wl
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HANTIINARAN

laaunsainangndnsesannisnannisnaeuiaedngladi uNiianiuge  dialysis

HANAAENAUAAN (11379 4) HITURINENNUAINSIANEAFAINUIUNINALGAINTAANAINTD

Y v
1aan1gatnnglaalussuumuAuamsdndmaaeuariyed Tauidnmesenluaiall

azlsianunsnaguanueanisldloanmsainaingndisasuianiedninaaaiisaniyse

] d‘ ¥ o v @ % dl dl P 1
LLGW’mN@VIVL@‘VI’]EL‘MLVMLLMQIMN?.I‘NTY]?@ﬁﬂ’ﬁLﬂ@ﬂu‘l’]ﬂ‘ﬂ\‘]ﬂ@ﬂﬂ@iﬁ ANIN9 1T laa1gann

gNAN9IBNANTINNAUUNE

199 4 atedleanmsriasneiaaidudu 0.5% (wiw) anisaanispaeunaed

nalaaeinuNilaiuge dialysis

laemsaiinginge nglaa’lu dialysate (mM)
15 W9 30 w1 60 w1 90 w1 120 W

nglag 7.27+0.50° |8.12+0.22° | 10.11+£041° | 1245+0.25" | 13.29 £ 0.29"
wiaglas 7124008 | 7574013 | 865+0.25" | 10.50+0.40° | 12.43 +0.17"
luevnsgndnsesd | 442+020° | 550+0.21° | 6.41+0.21° |7.49+031° | 10.36+0.16°
1NN
laaunsanndag 2.91+0.10° |3.62+022° |516+0.16° |8.10+0.10° | 11.56 +0.36°
AN Nd 0.05 M
loamsainsag 320+0.10° | 4.27+022° |453+0.35° |6.42+0.11° | 11.26 +0.15°
AN Nd 0.1 M
laansannsiag 3.28+0.22° | 446+0.16° |555+0.10° |7.11+0.09" |8.27+0.25°
AN NdY 0.2 M
fiarfu (Guar gum) 2.63+0.05° |3.13+005" |3.80+0.10° |3.83+0.05 |5.11+0.10
AnluAN19Ae ANlede + S E.
* fgnusfuansinaiuluusas column u,mmdwﬁmmmeﬁmﬁu@ﬂﬁ\iﬁﬁmﬁﬁﬁmmmaﬁﬁ p < 0.05

A9 leauNsfNAUaIMIIA NN NaNal nasan 1IN wede L ey luag lu

a ~ Ry o A = Pt o § v o
TEUUNWNAURTNUNT Lu’ﬂ\iﬂqﬂiﬂﬂqﬁq?mmﬂfﬁv\l@ﬂm’)‘ﬁ?’ﬂﬂﬂqqﬂﬂuﬂqzmqiﬁL@uisﬁﬂﬂﬁﬂ@qq

Tansnsadindfisenduuilldnulng fsiinglaanazgnapduaniiesas Tedunanse

.
yapanidulsainmau

ANNANNINAABINLIAN leamsainaIngndnsasin I Funm

nalaalu dialysate amnad Asanaazunnaiansieuladesluealiaunsadyindfise
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Fuutlelasalng

nisuanlgansainaIngndseesaniuinia

o 2~ al
AN WILNAR

THE 3\1LﬂuﬂﬂiLL’&m\‘l'j’]flﬂ’]‘lLZﬁ‘N‘L’]VIEﬂ’]iﬂoﬁﬂﬁuﬂj'ﬂﬁiﬂ'ﬂﬂﬁﬂiﬁ\i@ﬂﬂﬁﬁﬂ (1379 5)

a 1 -dld ¥ Y ] o ?.'/ o
M1919 5 N@ﬂ@ﬂiﬂ@qﬁqﬁﬂuﬂmqﬂjﬂﬂﬂqqﬂL‘I.ISJ°1ILL 0.5% (W/w) ABRNITYULNNITNINIUABY

uladerluealunsdeauilanaliflinglraudanaaunenuuisiugs dialysis

219191191 UAFIN nalag lu dialysate (m
1 I alaalu dial (mM)

15 19 30 U7 60 U7 90 U7 120 U7
nglag 126 £0.15" | 1.43+0.08" | 1.48+0.12° | 1.65+0.20" | 1.75+0.16"
lueunsgndnses?i | 0.21+£0.02° | 026+0.03° | 0.78+0.15° | 1.21£0.10” | 157 +0.10%
21998
leamnsanmsnesne | 0.61+0.10° | 0.62+0.12° | 0.68+0.08° | 0.82+0.10° | 1.08+0.08°
Wind 0.05 M
leanmsainenasne | 0.62+0.15° | 0.68+0.15° | 0.73+0.15° | 1.20+0.10°° | 1.33+0.15°
W 0.1 M
loa1vsdnimsnease | 0.23+0.05° | 0.55+0.10° | 0.69+0.20° | 0.65+0.15° | 0.90 +0.01°
W 0.2 M
fiarfu (Guar gum) 0.52+0.05° | 0.57+0.05° | 0.66+0.10° | 0.85+0.10° | 1.28 +0.10°™
leamnsgndnsesl | 0.18+0.05° | 0.58+0.10° | 0.61+0.05° | 0.79+0.08° | 1.11+0.09”
INANUNNANAAN
leemnsanasaesne | 0.17£0.03° | 0.19+0.01° | 0.42+0.10° | 0.77+0.05° | 1.18+0.10™
W4 0.05 M + ARfd
leamnsanasaesne | 0.43+0.10° | 0.56+0.10° | 0.57 £0.08° | 1.22+0.10° | 1.33+0.18™°
41 0.1 M + fafu
leemnsanasaesne | 0.23+0.10° | 0.26 +0.03° | 0.57+0.05° | 0.67+0.15° | 1.28 +0.10™°

WL 0.2 M + AR

A lupNg9Re ANLeAE + S.E.

“ fadnmanuanaAeiulunsay column waasirlauuanAaiee g AN 9anan p < 0.05
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a5uazdNTalNan1sNAaas

o 1

v v v v
andnsadiiivaantoily 3 41 Aa wWaanduuan waandunans waztialy waan

a
1 1

o @ 4 aa = o o A T = o
muuﬂﬂLﬂumumuﬂ?mmmﬂuimmmu’mm@m UsenauiuANITNaIALNaaANE1EY A91N
A ?:/ o 2 ac = -dl o % -&l o a 1 a
wWasnduuenuanalaa1mnsaeIsni1all Iﬂﬂqﬁqﬁ‘ﬂﬂﬂﬂiﬁLN@H’]N’]’JL@?’]%MV’]Wﬂ’]?Lﬂ@L@
anudn Annaiaagendnleeinaiin wazainnsnannisiAaeunueIng taatnuusiugg

dialysis @andn e msaN

ARLAUALBEAINT LU U UAR
loanmsannanngndnsasiuu iunalunisannisgadinnglaalussuuniimiu
21119 AdAINNIIARaLl L Aninnludndneans alsziiunalnnimneuaag

1 a dl dl o Yo o I
$19N18 (EN1UeAaN) Miasuutasnasannlasulaauisanmdlussazinaiun

LANA19B19DY

NTNAANING. 2004. Import/export statistics from Jan-Oct 2004. http://www.customs.go.th/statistic

NIENTWAENTUG Y. 2550. 119189 7 i 24 fugnen 2550 1987 19.30 1.
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