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| | ABSTRACT

Polysaccharides were isolated from dried fruit-hulls of durian (Durio zibethinus L.) and
prepared in the forms of dried powder of polysaccharide gel (PG) and polysaccharide fiber (PF).
Elemental compositions of the polysaccharide were carbon (C) , hydrogen (H) and oxygen {O) in
atomic ratioes of C: H: O by 2.9:53:3.1and 3.5:6.4:3.1 in PG and PF, respectively. PG
composed of acidic sugar, which was galacturonic acid more than fifty percent of total sugar, and
neutral sugars including glucose, fructose, rhamnose and arabinose. PF composed of only
neutral sugar §f glucose. The sugars were analyzed by using colorimetric method, TLC and
HPLC techniques. The composition of minerals in PG and PF was analyzed; the major minerals
were sodium, potassium, calcium, magnesium and iron; whereas the minor components were
copper, zinc and manganese; more over silicon was also found in PF. Fiber was not found in PG
while PF contained 96.3 + 0.7 % of fiber. Dried powder of PF was an insoluble fiber but powder
of PG was swelled and formed a viscous layer in water. The viscosity of 3% (w/v) PG was 405.2
+ 7.4 ¢ps, and pH was 2.4 + 0.2, Physical properties of PG and PF were determined. PG was an
amorphous powder whereas PF showed crystalline powder due to the similar proﬁ]ev of x-ray
 diffractogram comparable to cellulose powder. IR spectrum of ‘PG showed absorption bands at
1749 cm” (C=0) and 1639 cm~ (COO ), indicating carbonyl structure in the acidic sugar
component in PG, which was not found in PF. Factors affecting the viscosvity of PG aqueous
mixture were investigated including heat , PG concentrations, acid, base, electrolytes, solvents
and humectants. Biological propem'-es of PG were investigated, PG showed aﬁtibacterial activity
to both gram positive bacteria, S. aureus, _S. epidermidis, B. subtilis, L.pentosus; and gram
negative bacteria, E.coli and P.vulgaris. Inhibition zone with clear and sharp margin was obtained
at 0.32%PG on agar media, the diameter of inhibition zonme increased with increasing PG
concentrations. However, L. plantarum and ?s. aeruginosa were not sensitive to PG inhibition .
‘The values of minimal inhibitory concentration (MIC) aﬁd minimal bactericidal concentration
(MBC) of PG were examined using broth macrodilution method. MICs of PG were 6.4 mg/ml
against S, epidermidis, B. sublilis, ‘E. coli and P. vulgaris; and 12.8 mg/ml and 25.6 mg/ml
.against S. aureus and L. pentosus, respectively. MBCs of PG were 25.6 mg/ml against

S. aureus, S.epidermidis, B’.subtilis,vE. coli and P.valgaris; and 51.2 mg/ml against L. pentosus.



Time kill analysis was also determined. Low concentration of 0.02%PG increased - rate of
bactericidal activity of PG against S.aureus and E. coli in NSS after 24 hours incubation, where
those of bacteria incubéted for 3 days in NSS ‘without PG were survived. Bacterial cells surface
in non viable bacterial culture in NSS after exposured to PG fo'r.. 24 hores was determined under
scamning electron microscope. Adhesion of PG on bacterial cell surface was observed, celis .of S.
aureus was aggregated whereas fragella of E. coli were disappeared. PG was resisted to enzyme
Cl-amylase digestion, trace of reducing sugar products after enzyme digestion was produced
compared to substantial amount produced in the soluble starch. control. PG was also resisted to
diluted 0.01-0.1 M HCI hydrolysis after incubation at 37°C for 4 hours. The results mplicated
that PG was resisted to enzyme and acid hydrolysis in gastrointestinal tract. Sugars, glucose and
suérose, were trapped in PG and allowed it to release lesser than without PG by dialysis technique
in vitro using semipermeable membrane as well as everted jejunal sac of rat intestine. The results
suggested that sugars in intzastinevin the present of PG can be trapped and decreased in releasing
from intestine. Rheological profile of PG aqueous mixture showed a non-newtonian flow with
pseudoplastic behavior, increasing shear rate resulted in decreasing viscosity. Tile results indicate
that PG can be used as a bactericidal agent and as an excipient as well, in Ipharmaceutica'ls and
cosmetics. Preparation of PG gel, vitamin E gel and vitamin C gel were successfully prepared,
satisfactory and stable products were obtained. The products h_avé potential application as a

disinfected skin moisturizing gel for topical use.
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Citric acid  Sodium hexametaphosphate Sodium - potassium tartrate tetrahydrate w9
Purified grade 911 CARLO ERBA. Potassium hydrdxide Copper sulfate Thiourea Potassium
fluoride Potassium iodide Soluble starch Magnesium chloride Calcium chloride Potassium
chloride  Sodium chloride  Sodium hydroxide ‘If“:fﬂ GR grade 910 E. Merck
Darmstadt, Germany. Ethyl cellulose  Diethyl phthalate Titaﬁium dioxide Pyridine
Polyethylene glycol Kieselguhr AT purified grade Potassium bromide %@ IR gfade
.Silica gel G TLC silica 60 F,,, TLC plate 918 E. Merck Darmstadt Germany. Cholesterol
Maltose monohydrate Calcium gluconate Meihyi cellulose Sorbic acid Isopropy!l alcobol
Galacturonic acid Glucuronic acid ¥HA AR grade 910 Sigma Chemical Co. U.S.A. Glucose
Fructose Galactose Mannose Rhamnose Arabinose Xylose MavltosevLactos;e Sucrose 1@
analytical reagent grade 910 Fluka-Garantie Switzerland. Ether ¥ia AR grade 910 JT. Baker -
Cb. O-dianisidine hydro;:hloride, Ouinine sulfate, Sodium taurocholate of analytical grade,
Glucose oxidase enzyme from Asparagus niger (EC 1.1.3.4), Horseradish peroxidase enzyme
(EC 1.11.1.7) and dialysis tubing cellulose membrane, MW. cutoff 12,000 Aundafaion
Sigma Chemical Co. U.S.A.

Hexane Chléroform’ Acetonitrile ~ Propan-2-ol Dichloromethane Methanol %@

. HPLC grade 910 Mallinckrodt. 'Glycerin  Propylene glycol wiia pure grade 91 May &

Baker Ltd, England. Carboxy methyl cellulose Sodium alginate - Cremophore RH 40
Carbomer MAT9LOIWTSuMTern Toan nviL. Ethanol 1neAmss1 ATvasHaTia

'Hydfoxypropyl methylcellulose E5 (HPMCE 5), Hydroxypropyi methylcellulose E 15
(HPMC E 15), Propyléne glycol (PEG 6000), Magnesium stearate ¥1iQ pure grade 910 E.
Merck Co. Vitamin E acetate Ascorby! palmitate from Roche Co. 185uns Lé’@aﬁﬂmﬂ Rovithai
Co.

Sodium chloride Magnesium sulfate Ammoniam dihydrogen phosphate Potassium dihydrogen

phosphate Dipotassium hydfogen phosphate ¥Ha pure grade 810 E. Merck Co. Agar Peptone



from soymeal, Peptone from casein, Tryptic soy agar (TSA), Tryptic soy broth (TSB), Brain
heart infusion broth, Brain heart infusion agar, ¥1ig purified grade 31 E. Merck Co. Mueller

hinton broth, Mueller hinton agar, 917 Difco Laboratories

@’ ¥ I ]
1.2 dediuiasnnaey
4 a o o 8 - e A = I~ o :
wWaenySeuiusiueunes  MunemeiiMsunzilaenyseuviedlunisounnady
Taninszess TUNYT Lasyuns

G

13 Woqdundd
L“ﬁlﬂélﬂﬂﬁﬁﬂqﬁuﬁ HUANGUATILIN 1Y Staphylococcus aureus ATCC 6538P
Staphylococcus epidermidis ATCC 12228, Bacillus subtilis ATCC 6633 Lactobacillus plantarum
ATCC 14917 Lactobacillus pentosus ATCC 8041 UazuuANSINTUAY 1Y Escherichia coli
ATCC 25922 Proteus vulgaris ATCC 13315 Pseudomonas aeruginosa ATCC 9721
weiRsuseLun TS oudazaiialy Tryptic Soy Agar (TSA) slant # 37 a3 oty
Lél’a Lactobacillus waéﬂﬂu Brain heart infusion agar (BHIA) ‘ﬁﬁ 0.3% Yeast %NL%@LLU?]?!L?U
 9BNINNAIVBY agar slant @’w’w sterile normal saline solution (NSS) uazdsy cell culture W%

turbidity @597 standard McFarland no. 0.5 neuihun l4vmaaos

4 A
1.4 91 15IayNLES

1.4.1 Tryptic soy agar (TSA) 14 media I ansiszneudae Peptone from casein 17.0 g

Peptone from soy meal 3.0 g Sodium chloride 5.0 g Agar 15.0 g 15y pH7.3+0.2

1.4.2 Mueller hinton broth (MHB) 14 media 1 805 1/52N0UR8 Beef extract powder 2.0 g

Casein hydrolysate 17.5 g Soluble starch 1.5 g

1.4.3 Mueller hinton agar (MHA) 11 media 1 895 U529UA28 Beef extract powder 2.0 g

Casein hydrolysate 17.5 g Soluble starch 1.5g Agar 13.0g 15y pH74+02

1.4.4 Brain heart infusion broth (BHIB) 14 media 1 805 152noUAI8 Nutrient substrate
(extracts of brain and heart and peptone) 27.5 g D(+) glucose 2.0 g Sodium chloride 5.0 g

Di-potassium hydrogen phosphate 2.5 g U5 pH7.4+04



1.4.5 Brain heart infusion agar (BHIA) 1 media 1 @M ﬂszﬂauﬁw Nutrient substrate

{(extracts of brain and heart and peptone) 27.5_ g. D(+) glucose 2.0 g Sodium chloride 5.0 g
Di-potassium hydrogen phosphate 2.5g Agar 15.0¢g. SEST pH74+04
2. 3539
21 m‘iﬁﬁlﬂuﬂﬂmimaﬁﬁﬂu'polysaccharide gel (PG)
M3aniEoU (PG) afannilfenuieueaiSou (Durio zibethinus L) Fuiluismsnann

NAITMIanaNldsnaaaINITues Pongsamart and Panmaung (1998)

[ % d §
2.2 msanmsﬂﬂmﬁ‘lwmamﬁﬂu (polysaccharide fiber PF)
I A = oA Y o v
a3 IwesnSou (PF) wenainmanlfenySeuimioninmsanainansoussnidl a1y

T3Ue guuY WY ENT0 LAzAY (2544)

: R d g = 2] o =~ ) d
2.3_ﬂ]iﬁﬂ‘kﬂ@ﬁﬂﬂ'§$ﬂ@ﬂﬂ]\ilﬂﬂ!!ﬂﬁ@@ﬂﬂﬁxﬂaﬁu]ﬂlam@ﬁ!ﬂﬁnﬁﬂu *aG) é!ﬁ%%ﬂ!ﬁ@iﬂﬁﬂu (PE)

2.3.1 MTIAT1zresn 5L neusIgNAEN (Elemental analysis)
M33ATIZY 052 N0UVBITIMMAN (Elemental Analysis) ¥99519A199) 1aLA
C H N Suaz O lag1d1s polysaccharide gel (PG) druiasadaoimdsns vea §20
oxalic acid (A2 @17 polysaccharide fiber (PF) 413191318 HM104A152n0UUD510 CHN.S 1Az O
TaelinSes CHNS/O analyzer (Perkin Elmer PE 2400 Series IT) NA491A0UM 0619 1 03y 7

) o ’ & ° a 4
gangll 105°C wiu 5 93 luwazih ldinszvdmsn ¢ H N S uaz 0

2.3.2 MaNaTIzviesndsznouve unieis (Mineral analysis)
mMsdnseianilsznouusuniens (Mineral Analysis) (18) ¥1A15A5200A51¥ 1oy
WA I8819aNs polysaccharide gel (PG) 1a¥ @17 polysaccharide fiber (PF) UTINIITHYIENT
infous Taosisunougad
(1) Fadaee1a 2 nduldly p.orcvelajn.crucib'le
2) unsas iy Uiy (Cone.H,S0,) sualntaitlon

(3) W 1S DUV hot plate IUNUAATU IHUNTAIUATA 2 1.2, LAznIAMINZOU



¥ Y g B2 1 @
Wudu s nea Tanudeudesuruaniy v
(@) 1 ldunge lusn wngamail 550°C v Indauysel IR Fu1nTash
o & gug v
ponuIRana 1A 1vieu
L , :’
5) i ldesslasmsdunsamnde (6M HCD 4 1.9. Yarhuddulddeuuuesiai
¥ [ = Y Y 3 a A 2‘
$5U (water bath) 1111787 15 W17 3uTad109na 0 UADIULNL KIUNTAINGD | e LagYl 10
. i =% PV = i =1 4
u.a. duldfoude2 winivel iy pH Miduamedruen Tuiion leasen laq (6M NH,0H)
A v :‘ I~ = lcu 2 = 9 3 v
(6) Wov1eAdvrinilu 25 wa, ey pH Ty 3-4 A2vn3midy (1M CH,COOH)
! ) 9 g a (A =
ATDIHIUNTZAHNT DA UDINAWTTINAUINTYT w11 50 w.a.

R a s a . 9 4 . .
(7) Wl insziulSuans 519A 281309 Atomic Absorption Spectrometer

(Varian, Spectr AA-300)
a ¢ & Y v
2.3.3 mﬂmﬂz?’imiﬁmmmm%u Lﬂ‘i&m%!ﬁuﬁlﬂ

a . I3 _&’ ) a o w ] .
M5 IATIEHMUSINUATY (19) KIMTATINAATIZYIA2BE1S polysaccharide gel (PG)
) o = o qq;/’ o 4
140 polysaccharide fiber (PF) W InT 1A lnelduaouaell
Q'I ars t [-73 L3 d’d - é ]
(1) Fd9813 2 ndu lalunuudmid e d1ldvianuazersuazeunny
v v P v Sny 9
Fouvuutwazitiviinam Buda
; s 1 P Qh & 6] . ] a’l kY d a o
(2) DUMIBEIIN 105°C 11U 3 93 11214 hot-air oven M1eonu N My luwGanmes
: v
ar =4 a ar
(Desiccator) YHNOAUINUN

¥ v b 1 . v
(3) pudesEEh 105°C 1 Idiminaeh uazd amUSuiaanuTy

M inszHmdTanau (20) 188714 polysaccharide gel (PG) @2 polysaccharide fiber (PF)
0 o & a v B o 24
W 3ianzilsna lesldunaueail
N . B ' b2
(1) 9939819 2 n5u 1d 14 porcelain crucible ins 10w inud?

(2) neansafzaududu (Cone.H,80,) audlonatlun i lilm1ddouyu

hot plate 1108719 Indauriuaniu

(3) W lfimne lum s (muffle furnace) figungil 550°C swm Indanyssimaadidun

@
o

o . Qy < a ¢ R @ &R o @ o =
(4) um@fmmﬂﬁlwuﬁlum“ﬁmﬂmm (desiccator) U'L!WﬂUWWuﬂLL'ﬁ&”ﬂWH?mﬂ’]ﬂﬁiﬂﬂilgﬁ
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a- . a J < j . . o .
msuasemifSunasduls  Twsizrwdsuaudule (Fiber) (21) Taeviin1sns 29

Fins1eialee polysaccharide gel (PG) 1Y polysaccharide fiber (PF) JeseidSunaudu

4 b4
s @ A

lo Tnelduas |

(1) Fa0819 2 nTU Y 1.25% H,S0, 200 ua. 11114/ reflux 174 30 W17

(2) ihlunsosnsdrsdastiidonuiunag

(3) 11 189 nmsaseslalu beaker UAUAN 1.25% NaOH 200 wa. 11111/
reflux 97 30 419 v i

(@) vunnseadideaznoudstiidenazddioieanceed

(5) Wnznewdulefimas loud 100-105% w3 v, vi s uaziinldeu |
30 15 W udass Buru sundies I naediTufinthwiin

y

(6) rudulelumesuzesnsuvye udawh loun 100-105%y udadsan 1dun

v
a @

Y Ao 2
UUNAINUVUNNUIVIUN

¥ B}
o Y dhlsl 3

(7) unimiaf lduduaamdsuiondule

2.3.4 mIinsIzvmeandszneminma
n193ma ez neuvosihmalumaasa PG uaz PF M&INSH acid hydrolysis

Ty N HCI (22) hagasndins g imminiadismaiia TLC (23) wag HPLC dage'lalil

(1) 19515 Polysaccharide 100 NA. 14ag 200 %f. LiCl aza1elu 2 N HCI
3@ WIMS hydrolysis 1 70°C 1fluiaan 6 .

) s unznsaTuAs IR T EImERenYIA RUTINAY 2 ua. nseuodawla

(3) 2 1aAZNOULALIILI I Bltate TanuasszMosu azfuh 1 v,
ﬁ1§1§]uﬁﬁﬁ$amﬁ%ﬂi‘ﬂ’l§{ﬂ5@

€))] ALIMBEITALANIUMAD 0.5 ml 11 acid hydrolyzate YBIAIANA PG 1ae PF
15imseimaiinvenimalaomain TLC uarimsieidannies HPLC wisuifvuiy
standard sugar 1éun glucose mannose galactose fructose rhamnose arabinose xylose maltose
lactose sucrose galacturonic acid glucuronic acid Wudy Li'ﬁzam'ﬂ&'ﬁﬁﬁgh’e)éﬁ

Polysaccharide fiber WIwRouRUES standard microcrystalline cellulose.
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(5) M93msrzviaadomaiin TLC U silica gel G IRABVUUUAY aluminum plate
130n Solvent system U494 mobile phase U52A9UAIY acetone : methanol : water (15 : 2 : 3)
ﬁm%’umﬁmﬁxﬁ PF 1ag Sdlvem system ‘ﬂ‘izﬂ’e}‘ﬂ@g{’.}ﬁl ethylacetaté : acetic acid : water (4 : 2
-3) Fwmsumsngied PG msdnszihmaly pF uaz PG 14 spray reagent 1D% 2%
1-naphthol 11 95% ethanol 1@ 4% sulfuric acid han$enlAsou 100% aufad Janiugs
WB9 spot 1A solvent front INORIUIBAT RE value sumqﬂﬁaaémﬂ%mﬁwﬁuﬁymmmm
U

(6) mﬁmﬁwﬁfimmﬁmﬁ?m HPLC (Shimudzu, LC-3 A) 14 amino column iag
90% acetonitrile “hsﬁnﬂu mobile phase ‘171 flowrate 1.8 ml/min ﬁqmﬁgﬁﬁ’aﬂ%’ RI detector

2..3.5 mﬁmiwﬁiﬁmm‘um galacturonic acid lurc
amﬂi‘éﬁ{ﬂ?mm galacturonic acid 1a83% colorimetric method iaz1a83% Infrared

spectrometer Analysis ﬁ’\ié

. ¥
Colorimetric _method USN21UD91I918 uronic acid 1UAIaRn PG laun

galacturonic acid Tﬂﬂﬂﬂﬁ@ﬁﬁﬁﬁ?ﬁﬂmﬂﬁ@ﬁﬁu carbazole ®50 m-hydroxydiphenyl reagent
(24)

a Id a
Infrared Spectrometer Analysis IATIEHHIUTUIRUDY galacturonic acid Tums

Uau9s PG 1An153A peak area ¥®4 peak COO NI 1650-1550 em” 1fSeunfious
standard galacturonic acid Taoldwe PG 1 wn. aenluida KBr disc uaz galacturonic acid
YSumanaey aonlue KBr disc
(1) wWaw 1 @2Used PG AU 100 BIUYDIRNAZBUALTIvD9 KBr vanaufiulu
Tasaudnudniug
(2 Tawe PG warw KBraslu die viadusigudnats 7 v udinendaiuilia
Ly . ] i ok
A78 Quik Handi-Press 11]U1lia KBr pellet
e a - @ ¥ Y & Al
(3) 1iufia PG lu KBr pellet 11/3a¢1 IR spectram . A201A599 FTIR spectrometer
(Perkin Elmer, model spectrum 2000) NAINB1IAAU 400-4000 cm
@) Insedmsusues glacturonic acid 1 PG lasilSeuieusy Standard
galacturonic 9109 peak area AUUTUImMAI U949 galaclacluronic acid 1dun 0.25,0.4 0.65, 0.85

; o IS ' [ g :’ @ . . g <
uay 1 ¥, WBEUNIIW 92119 peak area NUNINLN (UA.) UBS galacturonic acid IAYTNIW
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YB3 galacturonic acid 14 PG 210 peak area UBN PG MBUNDY calibration curve UB9 standard

galacturonic acid

2.4 MIANIMENTANIINENNYBI PG 1z PF

a 2 Y
2.4.1 M3ANTITHIATI@F 013 uuYYeY IR spectrum
. 4 - )
RS EUA001LRIBMITia PG uay P min 1 wn. wauniazidon 100 un. vo4

v . Y : Y ol |w & d ; Y '3 Y A
kBr vanay andululnsawds dhldadhugauuuvnaduriiguinais 7 vy, a8 n3e4
oalalasan Qwik Handi-Press ¥1 KBr pellet T Scan IR spectram AEAsed. FTIR
Spectrometer (Perkin Elmer, FTIR Spectrum 2000) FIWAAU 400-4000 cm 118U Infrared

spectra pattern 3¥%7119 PG uag PF

2.4.2 myaszvigvinulunanan X-ray patterns
SIR51Y7H10619 PG LAy PF 420105095 I9HAN Xoray diffractometer (JEOL XRD
IDX-8030 JAPAN) ldaoe19lu sample holder uaatinsia X-ray”ciiffraction profile Iﬂﬂnl‘lsf’
(0-20 scanning mode n161@ monochromatic Cu K radiation ‘ﬁ scénning rate 1.6’ 20/min 14974

5-55°2 6 1 35 mA 12 acceleration voltage 45 kV

a é t
2.4.3 MITUATITHIN Particle size distribution
YINIUTIUDS PG 1A PF ANIUUTIUUIA 80 mesh M1@3203AMA7 particle size #2¢

IN509 Master size S (USeuey patterns U84 particle size distribution ¥94 PG U8g PF

2.4.4 HAVBINNUVHIUADAITUHHAYDS PG
NAFBUANUNLAYSY PG 1898150281 PG iuifmé'uﬁmmﬁmﬂumm laun 0.25
0.50 075 1.50 2.00 une3.00% PG ﬁmﬁ@mwwﬁﬂﬁ’wm?m Viscometer (Rheology
International U.S.4.) 1133061 luamududufiondu 3 ade dmoamdimdovesnunia
urazanhu plot nIsyresmanumilasuaianud st A NNFURLTIENI AN

AN o ' Vv oY
UUANUAIANTNLINUUVDY PG
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2.4.5 HaUBIANWINIUVDL PG uazal pH
b l . '
Jaf1 pH ¥e3ansazats PG Tuthnauianududuaiee A0in509 pH meter W1a100

s w 1 . Y '
plot N3 1MMANUFURUTIEU NI NUNTUYRIEITAA1Y PG AU 1 pH

2.4.6 HAUBY acid-base ABAIINHUAYDI PG
v [ 1
Wimsazawluthnauves PG anudutu 3% uag 4% uianinnunia # pH a199
faug 1-9 TagdSunt pH 698 M NaOH w30 HCI Taanuniiafl pH ¢199 udniiaivesniy

A 1 J @
‘wilauaz pH 11 plot NTIHMIANNTURUTIEU AT pH NUANUNTIAYDS PG

2.4.7 Hausy e!ectrolytés ABAININHAYEE PG
vhesazas PG luihndudiinnududn 3% andenriuwilauasduaisazat
electrolyte 1A NaCl KCl MgCl, N30 CaCl, Wﬁmwm%’u%m&hmmm 017920 electrolyte “71
0-0.4 M. Saanuniiafianududusien 1 plot asMmIANudRLT sz e N

Y84 electrolyte AUAIUNHAVOS PG

2.4.8 HaYoR Iy mEfeA NUNNAYDY PG
vhaisazais 3% PG luhadusniamannmiie nasduiriazaeldun ethanol

30 isopropanol 1HEANNNTUIYISY 0-30% lumsazatw PG ihmANuHasua ALy
Fuvosiiiiatenn plot A maNuFuRussznIanududuvesiiiazaetuanumila

YN PG

2.4.9 mmmmsﬁaﬂﬁ’ammju%u (humectant) ABANNHUAUDY PG
shensazateit 3% PG wiaanwuie LduRNs humectant usazatia’ldun
glycerin 1139 propylene glycol TuANUANY A1 Fauad 0-50% unianamiinluai
[WudUA199 UD9E1T humectant 11U7 plot aswmanuduiu s ududuveams

humectant LHAZAINHLAVOIETAL AN PG
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2.4.10 HOVRITISTUYARDANNBHUAVDS PG
' |
wensazmoluth 3% PG wieanunie  uwdwAvmisiuye uanzyialdun
. . a . . Y oy = o A A 3
paraben benzoic acid Y198 sorbic acid ciummsumumm N 0-5% USRI NUBUANANNUY
i Y o 1 N @ o o ¥ j o
fumieq vssensruya theaw plot navmInNuduRusIznIauduty vsemsfuya

LLﬁSﬂ’ﬂl}‘Wﬁﬂ‘U@\iﬁﬁﬁgﬁiﬂ PG

2.4.11 NaYDIAITNIDY di’)ﬂ31u“r‘3‘ﬁﬂ‘l§®& PG
mmsnaasslumsazaiodl 3% uag 4% PG i’ﬂﬂﬂlmﬁﬂ%@ﬂﬁﬁﬁ$ﬁm PG M

1% 09 (Ambient temperature) W11582818 PG 11Ul water bath figaingilaieg laun

O

3
o o o o ' o
71 50° 70%y wag 100%y 1Wunauiu 1 9270 Saanuviavarsou udlaselfituasauds
a 9 Y A 3’ = =} = | - ! Y y
gannives udriannuniiad Wisuimeuanuniavesasazais PG neums iauion
9 v o o qud ia' { A A Y % a
Tusnzdounazmendwnandditu gmenldouasvesnnunilafideldanudougungd

50 70 1@z 100
2.5 QuENUAMITININYDe PG

: U . o u A a d
2.5.1 quanlinuesaIazas PG sensduturegaunsd
= A O : o o
WIEUBIVITOUIYD agar 102 broth media Tusin i1l sterilize 1 autoclave 1
a o ¢ 0 v & A wy ) :
15 UM NaNAY 15 Uaua (121 ) ”l«vmmsmmma”lmm Mueller hinton agar (MHA) 1aig
Brain heart infusion agar (BHIA) unInanos agar diffusion susceptibility test 19911115 MHA
1 ¥ 3 i
Aunuais snadounnwiianenidy Lactobacillus 14019115/@03%0 BHIA i) 0.3% yeast dau
: . . s -4 .
N1INANDY broth macrodilution susceptibility test Tde1vsidode 1din Mueller hinton broth

(MFIB) 1102 Brainheart infusion broth (BHIB)

v
24 a 4 d

A1INATAUMSHUUTODRUNSH AT Apar diffusion susceptibility test (25.26)

¥

=y

[ ' = R o 3 L) A
UANNIT NATBUONTUDINIT polysaccharide gel (PG) menmmam&gmmgaumEJ
v . 4 Ed v
Tagreaamisluanududuaieqaalu Cylinder cup ANIVURUEIBIMITROUTE uAazwin §

nalaeieduniigudna1ayeaasla (nhibition zone)
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ad o

I

(1) 9503 @158381Y polysaccharide gel (PG) Tuanudiudu s 2.5 1.25 0.625 uaz 0.32%
Tu NSs

2.) RS TITeubeusnyiie (S. aureus ATCC 6538P S. epidermdis ATCC 12228
B.subtilis ATCC 6633 L. plantarum ATCC 14917 L. pentosus ATCC 8041 EA. coli ATCC
25622, P. vugalis ATCC 13315 4ag Ps. aeruginosa ATCC 9721) ﬁﬁmmﬂjumawﬁyﬁ)w{ﬁu

McFarland no. 0.5

3

(3. )mammaﬂma (Fivaoy uazBnldeud 55%) asluman USuis 25 uaanan §39i9

<

i
9 d’ ] d‘ dy ) =Y Y ol
i mewnsdvuie (‘wmammwﬂwqum 55°%) Anzruyousazyilalude (2) Usums

s a s o
1% viv I@UW]V]‘Ua\?ﬁu@hlﬁ1i%ulﬁﬂwuﬂmilgi}

. o 4
(4.) 174 Cylinder cup @3UUNUAIVDID1MI510891%D
(5.) viveRE13aza1y polysaccharide gel (PG) 9198 (1) adluusiag cup 300 plcup (14
q S & yud Ay ) 9 a ] .
NSS nopaiu control) Aae ANgavgiives 1 42 TueliAa pre-diffusion

Y i
(6.) HuFon 37°xw dwmsuuuafiSe w1 24-48 . qualaoinvuadurisuinaisues

Y

Tasu 1@ (inhibition zone) MINITNAADIF 3 (WaN

W oo & a ' a
NsNAaBINITUEUTegaUN5EIALIS Broth macrodilution susceptibility test (26.27)

2.5.1.1 AISNABDIHIAT Minimal inhibitory concentration (MIC) 18% minimal
bactericidal concentration (MBC)
o dy' .ﬁl
MA5Neaselaedd Broth macrodilution test 1a8l9911151A89%8 broth
. a PRy F ) v A a d I~ 1 o w
media Y5403 4.5 Ua. APAMUWAVLIUMEE] 489 PG Fiuundiy 2 vauddun 0.1-25.6
= . d;; e = d 9 my .431 ~ [P=1 o
mg./ml. A4 0.5 UB. UBY suspension VBIUFDIAUNGTY 1o msitoadon Uil PG 1llu culture
1 3 1 9 . T é P [=~1 .
control A1 MIC 48 PG ldansanuduiuyss PG lunasananssmidiganues lumums
= B gy T o f e, < Yy v ¥ A oy
RIYUVBUFBNATUNAIMIUNAEN 379 24 ¥y, WuANUINIUNBENGAYDI PG NN1UNTT
N Ay a Py ::2‘ g . A 4 v 1 = P '
B YURUFBYAUNT O luB TRt lunaeanaaosvewiud s nlawzmule lugu
o ) : ~ [~ a 2!) a ¢ A
MBC 484 PG 1a910n1591 subculture 91nvasanaaodd imumswIgyvoulogdunis fe
[ k4 1 1
vaeafwulaliyutiu asluemsuR s pG s lutun 37% wiu 24 wu. Aradudu
N . A 1o Y a a 4 a < g T
figaves PG luwoeanadesh luh lditamsnSyveudeyfunidlnsues iy colony

¥
wig luaue s iu AieA1 MBC v PG avifauuailise
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2.5.1.2 Time-kill analysis
< v W o ] g«’ =y -4 =
WuN13 309319 US eI UFRFAUNSS  Tauasazaly PG Nmadou
B . . 4 . b2 1 '
MUALIINATHIAT MBC Minmsneasdlaamzidosuainsoasluemsnouyend »G Tu
. ' a 2 g ¢ oA o roa
Canududuseg nndseldun minvdy 2w Annududu 0.3-5% PG i luiud 37%
UIU 24 ¥ ;sazﬁnm 02 4 8 12 16 20 1BY 24 ¥%. 11 bacteria culture USR5 1 ¥a. 9N
b2 9

o Y . @ o ) . & .
wimsmnz@edddnseneuusiueIms Juuagius iy colonies Yple 1ae35 drop plate
method (25) A1UIUAT colony forming unit (CFU) T4 1 ua. 499 bacteria culture WINT plot
- A51521214 A1 log viable count ARNAARRT (CFU/mL) A time NaaouSounaudy control

E% dy 43’ AW ot -4 a . dy d.d =) =1 o cfj
Taeldorvms@oudon lull PG oz NSS gmisinsgueuieuuniisonlSsuisuduoimisies

& da
t¥ony PG

2.5.1.3 HaUed PG AsNs3Insssiuafisaly Normal saline
B Ada 1 & ‘4 at ) P
ATIVTDURAVBY PG AoMsIFInegsonveutouuafisylumsazals NSS il

8 1 .
PG TuAnudnd140.02-2.5% Uudeuuaiidon 37 win 7 1 Taosi 198, 199 bacteria culture
¥ . ¥
yuvnziReslune s Juieusman colony aiudiumaig 7 Ju- hwm CFU
N g Qo 4 =1 =1 = L r

uAzIa 1 plot N3 1NeAs RFBLBATINMIAIBVBUFBNUATISY WS sufsiunisogsoaves

s A 1 i o Y
LL‘Uﬂm‘imllEJ@gﬁlumﬁa&’mE} NSS MU glucose NUATUVNUU 0.02-2.5 %

2.5.1.4 NAVRS PG AomsshiseuuniiGy
a3 aeusalumsshidouunfiGeuss PG lumsazats nomal saline solution
ss) Tupmududuiinld Femonuandemstindedt 37% T 24 F2Tas ' ldnsreaeug.
waméq PG 00 cell surface ‘U‘O\‘iﬁ;’mmﬂﬁﬁﬂ ma“lé'ﬂﬁ'mgaﬁﬁﬁ Scanning electron microscope
(JEOL ISM 541 OLV) aw3sunasgumamisudotafionsngdasndesqarienidnnason

HULADINI A

e 1 d
2.5.2 aaaniiaued PG asnsamiumstoanaeulys Ol-amylase (28)
I " | v d g .
Teefinannis fio ouley Ol-amylase tunsagooutlsIdifluimaluanaing fs
. e aa o : . ! s oA d o

dexin  Ua¥ maltose NiUawisd asnnaeumsessudlsiminduluagadnaslaens |
= g‘ = 1 y & @ . 3 = S o aan w |

nageudiniuruisunsiaiuduanuduniseivesme Indusam lsanifad§hseiu

. i Y . & - g r . oy
iodine solution (29) 9157315888 Ol-1,4 glycosidic linkage “Ni]ﬂﬁ!ﬁigj reducing end VBIUINN
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b4

& a @ | o = . ° .
‘MiRevuvdanisgen laaey 1ol 1ae3T O-Toluidine Method (30) Himsnaansnuaiutgn iy
§ | a ¢ 4 .
A15808 PG A28 Ol-amylase LazAsI9iANANSt0ev0I0U Taral

Iodine solution test 14#20874 4% PG 1% 0.1 M citrate buffer pH 6 1M1 1 ¥a. tay

Y . ’ : ama
waeuland 50 gile Nilidosals Cl-amylase 1 water bath 37°C WU 30 WIW ngatlfnse
o ] 31 g : = a [ a ~ ) =) .
Tasn1suin ldusludweu taginszinanistosfing 0 W% wag 30 Wi 1aenN1sNeaesnis
a s o oy . . . o Q ) :’ a <)
NadAUe iodine solution ¥1MINABDI 1AL 1Y soluble starch 113 control LA 1WINAW Ty
blank
g
. =Y d a1 @ 1
O-Toluidine test MAFOUA1T IWALBAA 15 PG MNANBULATYAIIINAITEDEA Y
A o 1A = s = o \
Ct-amylase tWoR329 3015 W10015 1910 7ATY 018 reducing end 1 C,-OH 1011670819 4% PG 1u
. = 1 9/ ¥ o P=3 a
0.1 M citrate buffer pH 6 NNeosRw COl-amylase 50 Units 9 37" WU 30 W MIENRIMT
. E P 14
§0811R 0619911 0.5 UA. AN 6% TCA 0.5 ¥a. NTBINTD centrifuge 011 la 0.5 mi 1AW
45 4. O-Toluidine reagent (Thiourea 1.5 ATu U gacial acetic acid 940 wd. @y O-
L ) £y A d A g 2qod Y o aa = i
Toluidine 60 ¥a.) Ay 8 WM utiuReaAINe IREUIA TN OD 630 MiUSuathemanfSou

1MBUAY Standard maltose

2.5.3 puaniAves PG inunentstesdonsa HCl iFea1s
naseLguANAves PG inurengniosdinsmndevesnssmizermsly
amudududieg 7 0.01-0.1 M. HC1 1 2% PG solution #8180 water bath 7 37°% 1511
NANOUAY Lodine solution test AFIVADUNIAS polysaccharide Tu PG Wﬁ\‘!ﬂﬁfj@ﬂiuﬂ‘iﬂﬁ

A0 0.5 1uag 4 ¥U. gNISAAANIIYBY polysaccharide Y09 PG

2.5.4 paaNlanNNansausd PG lTumsinfliuiinia glucose 11az sucrose
. B4
. o o - o = .
nAFOUNAUBY PG lumsnmfiumsomsdizanieia 1aeds  dialysis
. = o g‘ - ‘v d ) o
technique tazdwaziihmangndesdnfe Bneluge dialysis uazdrusenuiniousngs

dialysis .

2541 nsvegeuguaNtaves PG lumsfnfiusiena glucose lauds
. ' a ¢
dialysis technique Taely semipermeable membrane gaz BRI HIIMAlag calorimetric

method
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(1) 9504 test mixture 1WUTH9T 6 va. YszAeUAIY 1% glucose WaNAUAS
e . y g o o o & v :
ava18 PG IUANUANIUN 0.5-3% T 3 aseluviaanududu
(2) msﬂuqd dialysis U939 cellulose acetate membrane c’fﬁﬁmm@ma& poi'e N
\ ’ v
voul¥ luanading Mw. 12,000 aadunu iduas tdue 13luiwag lu Ringer butfer pH7 13
¥ . .
T goududdataeiaeeed199ed dialysis membrane
y
3) 111 dialysis 14 Ringer buffer pH7 Y5115 10 1911 W 2-3 $2lua idensy

nahmsazaenielugl dialysis HAEABUONGS dialysis W1 TATIZHMIUTINL glucose ﬁag
e luuazfioenuiniouenn/3eufy control i 6%PG
() FsredUSinaninia glucose 10635 calorimetric method Tagdnsen
enzyme reaction Ue4 glucbse oxidase (31)
| a) 1970819907124 glucose 0.4 wa. 14 Ringer buffer (pH 7.0) 11 0.2 ua.
ﬁymguwmflﬁ'ﬁ’fﬁu e} reagent G)?Jvl‘ﬂ‘ﬁy Aengiaay 1 ﬁa. YN glucose oxidase ( 5 mg/ml)
peroxides  (0.375 mg/ml) i.Lﬁi;.ivO—dianisidine -HCl (13.32 mg/ml) wﬁﬂﬁﬁ%}wﬁ’u LL%’J.ﬁW‘lﬂ
incubate 144 water bath 1 37° 11 10 Wi wazngaoulaniTasifiu 0.5 wa. Cone. H,S0, Har
iﬁ'm’hﬁuﬁﬂﬁﬁuué’aﬂﬂﬂ%ﬂﬁ purple-red color “?l 543 nm Gg‘:’)EJLﬂ%’iEN spectrophotometer 5oy
(BUAT absorbance AU standard curve UBY glucoseiﬁ@ﬁTu’sm%Wﬂ%ﬂm‘ﬁm glucose Tuea
e AT Izn | _
| b)  msmameudieduInTETTine  glcose  Tauld glucose
oxidase/mediator reaction test strips UAZ AT 1%%53&?1%%0 Accutrend meter GCT 1RgHuAA7
8E193ATIEH glucose 20 pl ASLU test pad ungSndunseadauanasitina glucose 111
mg/100 ml ) »
(5) Wieudonmavosmssnifuihe gluicose 999 PG 1Souiouny

: Hq v Ao & o ' g
polysaccharide glucomannan #19013)3 standard polysaccharide-Vlﬂﬂm‘lju”tmﬁ&lum‘iﬂﬂa’mu

2.5.42 manaasvaeninved PG lumsdmduihmia sucrose g%
. - . a a P} : : .
dialysis technique Tnely semipermeable membrane HaZ UATIZHNUINIA sucrose lae HPLC
(1) Ww30W test mixture 1WUTHIAT 6 wa. UsznaudI 1%sucrose WAURDTS

azals PG 1FIANuTuTUA199 114524 0.5-3% 11 0.1 M phosphate buffer pH 7 $1015%A8DS
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miﬁmﬁuﬁymm sucrose 1AUID dialysis 4 semipermeable membrane cellulose acetate AL
Sumsnansstuing glucose 18 2.5.4.1 @1WIBV0 (1)-(3)

@ FnmeviSineniang sucrose 10635 HPLC thdieiieiingiziiiigia
sucrose MUY dialysis membrane ¥IAAALNBU PG 11 60% ethanol 11 11/Tu1anaznen
hdauihlamme s @uhndulil8Sues 6 ua wldnses udah filrae
Sns 1RSI sucrose §98 1A3D9 HPLC (Shimadzu Japan) sﬂ?amﬁauﬂ?mmx‘imm
sucrose %gimau@ﬂqmazmﬂuqa dialysis bag 310M peak area UBY standard sucrose 113
4A51EW 1% normal phase HPLC system column Lichrosphere NH, bonded silica (5 pm) column
UYUIR 2.5 cmx 4 mm ID 19 80% acetonifrile Gluﬁymi%mﬂu mobile phase 171 flow rate 1.8 ml/min
1%} refractive index detector

2543 nanageUgaaNlAved PG TumInnifiy glucose lasds dialysis
technique Tﬂﬂifﬁwigsﬁﬂﬂgﬂﬁuﬁau (32)

E ¥

o ar 4 T
1) wioud ldvomyurunadwus Wista 1aeld small intestine @Iuv09
- < t o Y 3 [
-~ jejunal (Wudauvesd) 1d1anABINANE1IY52N8L 10 cm U8 duodenum RINATLWIZOINT
& - =) dy ] = o g a gy aay
Funulidudon WiGesegunlanuonndszans 90-130 om) lashldnyvueaddaed’
dislocated g IAAILAYBINDI NIAAIBIE 1AM jejunum s 1311 Ringer buffer (pH 7.0) us
=4 : a
Wunaz 1y oxygen gas MWNNITMNINARDS
] @ o = @ o =
) msnanewh lasnaud ldianmidulueen dad1& 19 Taue sz
Y 4 aqy 1y Y v & Y . -
7 cm gndmeauniisiuiudaodugen viluge udaussg 2 wa. Ringer buffer (pH 7.0) Tu
9 oy ¥ )

paudaxnUatdnaulduny

3) il 1dlun vy dialysis Nia15aa10 1% glucose 14 0% 2% 11ag 3%PG
T4 Ringer buffer (pH 7.0) UTu103 60 ua. 319Uz ly Organ bath Navgl 37°a uaz@y

. . ~ o ¥ d J a oy as t g ¥ .
oxygen TUABUE dialysis Murd11dian usaznsnaaosiig 4 Aree1e 190a11% dialyze wiu
o . . 5 v R 2 o« P Y o 0 Y

1 3y, 7109 jejunum sac 8904119815 syringe UAZWNRALIGAIDT buffer NU557 1 1uged11d

L=y

o =3 o a . < 1
ponuIiMua hasaznawosnuIinzimdime glcose NgngaduiumInaIuluyes
oy gs o o , _ e d9 2 gy o uy
A& RTudT mixture 909 PG 10 1% glucose Adnogmelugedaiudiunenyssd 1d
Y .
a o = o a . . v . .
AasIlTueina glucose 1A835 colorimetric method 19 enzymatic reaction UBJ

glucose oxidase test
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Y ¢ Ly - = a o d 2 & o
2.6 0315152 lgiuea15 pelysaccharide gel luM3RTBUNAAAUNEIHIBINTOIT1919

2.6.1 Qma’mﬁaﬂﬁulﬂﬁ {Rheology) U84 polysaccharide gel (PG)
$af1 viscosity YodE15azA1e PG luanuidudusien f 1-5% PG famnTeq
viscometer {Rheology International USA) 11177 rate of shear (rpm) LB shearing.stress
(dynes/em’) 91NN TARIBEI5AZ AN 3 LS 4% PG 11 plot N5 W Lﬁaﬂﬁzgﬁuamamﬁ’ﬁmi

Tvaves PG (33)

2.6.2 ﬂ1§1ﬂ§ﬂﬁﬁ1%ﬂﬁ)ﬁﬂ1ﬂ PG
=1 =N (-9l d “} 9 r=1 o s dy
IRTUUNBANUN PG gel 1¥MNWEUHDN Iﬂﬂilq(}}iﬁﬁ‘ﬂﬂﬁu

gasei3u PG gel 100 wa. Yiznaudie

PG 25 niy
Propylene glycol - 150 wa.
Paraben cencentrate*® 1 un.
Ringer's buffer concentrated™* 200 o

Distilled water {3 UATULTNAS
*Paraben concentrate U52NOLAY methylparaben 2% 1182 propylparaben 0.2%
Tu propylene glycol |
**Ringer’s buffer concentrated 1U5EABUAIY 735 mM  sodium chloride,

14.85 mM calcium choride 8401% 20.10 mM potassium chloride

SESi3u PG gel
(1) 1w PG TalswasTurilszana 50 wa. nuldnszaeihuiieson
(2) AN Propylene glycol agly aqueous PG AU
3) 5 Ringerrs buffer 2414 PG mixture A lvdnnu
(4) 1AY Paraben concentrate 1 U@, daRuinduaunsy U593 100 va. nau

Y g dy = (Y
ner uuilio@eanu
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2.6.3 MIAIBUAISY Vitamin E gel lagly PG iflumsviemanseudiSuna
ar o @ o . =Y o w ' Y
Asiadsunalayld PG 1Tl gelling agent Tnefigrid1suaelui

3.6.3.1 ga3i15u E gel 1-PG 2.5 Tud3y 100 wa. Usznaude

Vitamin E acetate 1.0 N3
PG 2.5 Ny
Cremophore RH-40 10.0 A,
Propylene glycol 15.0 e
Calcium chloride 50 mM 4.0 uo.
Triethanolamine 15U pH 5

Paraben concentrate® 1.0 ua.

Distilled water @NAUATUUTVINT

3.6.3.2 gAIAI51 E gel 2-PG 3.0 Tudi3y 100 wa. Yszneudae

Vitamin E acetate 1.0 n3u
PG 30 niu
Cremophore RH-40 10.0  wa.
Propylene glycol 150  ua.
Calcium chloride 50 mM 4.0 uR.
Triethanolamine H5U pH 5

Paraben concentrate* 1.0 ua.

Distilled water {A33UATUUTUINT

3.6.3.3 gASAITY E gel 3-PG 3.5 Tud3u 100 wa. dsznaudiy

Vitamin E acetate 1.0 N3y
PG 35 nsu
Cremophore RH-40 10.0  u@.
Propylene glycol 15.0  ua.
Calcium chloride 50 mM 4.0 ua.
Triethanolamine U pH 5

Paraben concentrate* 1.0 un.

Distilled water (ANIUATULTUIAT
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‘3%‘;&1’%33461%1 Vitamin E gel-PG
(1) 15109 PG 11 Talso T azmeluiinlszsna so wa, muldnszneduidedo
(2) WY Vitamin E. acetate 1 a5y aslu propylene glycol 15 Ua. LOZADUIAL
10 4A. Cremophore RH-40 werst 1¥197Au
(3) 1A% mixture vitamin E acetate 2914 aqueous PG AuNer I Ny
(4) WUE15ALA1Y 50 mM calcium chloride Y3310 4 Wo. Havtvomaulidniu

a & 4 oa Y Y Y o I & a ”
5) WwuINIUNAZUBLIURTLY 106 wa. ﬂ?uiﬁmﬂﬂuﬁ]ULﬂM&u'E)LﬂEJ'Jﬂu

1w

(6) i3 Triethanolamine 9U3A pH V‘L%W]“sﬂ‘u 5

¥ '

o Y

(7) @3 Paraben concentrate 1 @. HauANINAUIUATULSLIOS 100 ¥a nIu

3
a o
sy T Sudludis@en

~ o w ’ " v o 1 2. .o @
2.6.4 MR85 Vitamin C gel Inald PG iflumsyenaseniiivma
@ o 9 <3 " < a o @ 1 X dy
nsand1suwalaels PG iU gelling agent Iaedgnsaisuas 114

gn i3y C gel PG 2.5 Tughiu 100 3. sznevasey

Vitamin C palmitate 0.1 AU
PG 25 3w
Cremophore RH —40 106.0 e,
Propylene glycoi 15.0  ya.
Calcium chloride 50 mM 4.0 o
Triethanolamine 13U pH 5

Paraben concentrate* 1.0 ua.

Distilled water N3UATUTNINT
*Paraben concentrate U32NOLA methyiparaben 2% LQi& propylparaben 0.2%

lu propylene glycol

I5:@3nA15Y Vitamin C gel -PG 2.5
(1) #ms PG Tulsoasluinszana so ua. naulduiodoadu
(2) Well Vitamin C palmitate 0.1 N4 AU propylene glycol 15 . ABY) LAY
Cremophore RH-40 NgY 14y

3) iR Vitamin C mixture 89 b aqueous PG Ay
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(4) 1BUTIAZA8 S0 mM calcium chloride 131105 4 ya. Hazdsoniuldidiiu
< 4’1 ~
Aludiomen
(5) AU Triethanolamine 3U3@ pH JERRGITE
Vv T
= Y a o o . =
(6) 19U Paraben concentrate 1 U@, HauANInauINAsTUYSHIRT 100 wa. Ny

¥ g .dy = @
N UL U DR IA 1

Y a e d . d' ~ Y o 1
2.6.5 MInTvaeUANNAIvBHansameanmseulasly PG Hlumsre
=%
RO
s A w i o w 3 = < )
(1) AsvaeUnadnzYoINdasuRen uaazdsudiainssuadalvie uaz
4 o 2wy A = ay
diesena 3wy 3 ifiou Mgungives
’ s < w L4 a as Y=
(2) AT IVADUAMANYULVDINARN UNIANTINMINATBOUAIINAIA AT
14 3 ¥
Temperature Cycling Methed laomsaena 3lugou 50°C wiu 24 s, uaziimnds
Q’f k% Yo o 0 T oW o
m'lﬂucgmu‘ﬂ 4 C UH 24 U, ININY 1 cycle MIMINATDLU 6 cycle
s ~ o o a @ 4 ¥ o w =t 11? %
3) dunamsasuuavesiisunandasina unazdsuiessudunains
v ¥ b4 s
VATOUAIIUAIAD N 6 cycle AUMIAIN INgaIrgiitesuIv 3 Hou wisuiiey

Qs q = ] 1 o utl g
Aulewsouaio vl dunanisusnsuvsuiiong
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Han3 08

% ¥ =) ~{ U = I3
1. setulfenyiFsuuay maanamsinausanilse
Y = A =t < & ) y y
nldenyiseusiusmanvez fennEsununzifiousaaamima ldnseuilszua
A = | o By :l ] ¥ =t ° E4 ¥
Woungunian-gemay veanihindivhanuazeiaudivaazidea 1 lovudlug
P oA = 0 o @ g’ @ a & o I Ao v
sunTanfgaval 50" Wiy 8-10 wu. whnduimtingas lalugaletede iy luiibuau
3 ° I = ¢ am s - o = J anan ¥
adziwiadems Induwaanlsd IEnsafamsnauaz wes Induwan lsd a3 ld
' @ o g
s1vauuds Tee quini wesmnse uazaue (2544) WdenyGouude 1 an. 1dms PG

1523188 100 NSV 11ag PF Uszanal 150 A5u

¢ ¢ 5
2. ?J\'iﬂﬂﬁﬁiﬂ@ﬂﬂ]&!ﬂﬁ&!ﬁgﬂx‘lﬂﬁiﬁﬂ@ﬂulﬂ"l'éﬂu PG ilay PF

o Aa T
2.1 mﬁﬂizﬂaummﬁm @aﬂﬂﬁzﬂwﬁmmmﬂzﬂé’xm Carbon (C) Hydrogen (H)
Oxygen (0) Nitrogen (N) 1ag Sulfur (S) lusseana PG uaz PF uaasdadiu C : H: 0 iilu
atomic ratio W31 PG 15znouAIe C:H:0 whAy 2.9:53:3.1 vazhi PF sznevdau
Y . ' ~ o ¢ 3 =
C:H:O0 Wiy 3.5:64:3.1 lunuilioentlsznouvesd N uaz S vislu PG uaz PF 1inwnaf 1d
° = a & 3 P g L g =
srnd@eugasnuniiiiosduldan pc uaz pF figasmlidlesduiu [C: B, : 0] n fion
’ A < 2 4 . o o = Y] g .
KA PG uaz PF i Iwawesvesmsas ludamsnnlsgneudaoihaaluluanalvg
4 o Y P 3 &
83A3ZNEUVBITINNANUBS PG Ly PF uane131um1519% 1 PG 13luens carbohydrate 150
a o T
polysaccharide 3T UAT 127 19w calorimetric method AN Molisch's test Phenol- sulfuric

L . ) <y
acid test Iodine solution test 111UAY

J = a o t a 1At o ’
2.2 i’)\‘]ﬂﬂizﬂﬂﬂﬂ('ﬂ\‘imﬁ@!ﬁ’ 3Lﬂ§1$ﬂ£ﬂﬁ@kl§ﬂ!@ﬂﬁﬁﬁﬂﬂ PG une PF ‘W']_J'Nll@\‘]ﬂﬂ'i$ﬂ@ll

484 Sodium (Na) Potassium (K) Calcium (Ca) Magﬁesium (Mg) Iron (Fe) Lﬂudauiwaj
UONINTTAWLI1T Manganese (Mn) Copper (Co) Zine (Zn) tiludmdesuasly PE dowy
i1 Silicon (Si) 814 8.33 ¥A/100 NY WAUBIBIALTZABUNABLIVD PG Laz PF daaas 13w

A1519% 2

a &I v v = ¢ 1 43, E]
2.3 ﬂima,smm‘w mﬂmmmm ATIATIZRUTINUVDIA NS U Lﬁuiﬁi@?‘ﬂﬁ (fiber)

LY d’ H 1=} o
nazid (ash) lu PG wag PF dauaad B luaisied 3 wunlu pc lufiesnszneuveaudule

(fiber) N lazatesivmznly PE wuilmndulofs 96.3 + 0.7 nFw/100 A3 (A15199) 3)



Q19191 1 mﬁﬂﬁzﬂa‘umaamemé’ﬂummﬁh polysaccharide gel (PG) a2 polysaccharide

fiber (PF)
Product Elements (in atomic ratio)
C H 0 N S
Polysaccharide gel (PG) 2.88+90.13 | 5.33+0.16 | 3.09+0.10 none none
Polysaccharide fiber (PF) | 3.55+0.07 | 6.55+0.41 | 3.07 +0.06 none none

25



M99 2 esndszneuveundeuslumsaia polysaccharide gel (PG) 4% polysaccharide fiber (PF)

Product Minerals, Weight (mg/100g PG or PF) Pb
Na K Ca Mg Fe Mn Cu Zn Si ppm
Polysaccharide gel (PG) 173.87 +53.13 | 68.63 +19.49 | 196 +93.03 33.01 +7.27 5.44 +1.27 0.44 +0.10 1.52 +0.46 2.04 +0.39 none <0.05
Polysaccharide fiber (PF) 16.04 + 5.85 3.90+2.53 22.04 +2.11 4.28 +1.23 3.00 ;*-__2.81 0.11 +0.09 0.92 +0.13 833+0.74 0.07

0.42 +0.16

9¢
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y = 1 3 ar . L
- ensud 3 YSnawesnnuiu e duazidluansana polysaccharide gel (PG) uaz

polysaccharide fiber (PF)

Product Moisture (%) Fiber (%) Ash (%)
Polysaccharide gel (PG) 5.71 +1.06 none 7.73 +2.11
Polysaccharide fiber (PF) 3.7+0.7 96.3 + 0.7 0.21 + 6.15
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Y o - o 7 J oy
2.4 aaﬂﬂi‘zﬂ@vmmmma ﬂ’]ﬁ?Lﬂﬁ13”ﬁ1@3ﬂﬂ3$ﬂ@ﬂ%@§u7ﬁ1ﬁ1u PG ugs PF "l@

L% . P ' ~ o : o s I R
asMlueisen 4 wunlu PG Hesddsznouthenandnuinnd 50% iU acid sugar
Wefinuny standard gala"ctaronic acid wWulsyans 55.8% 1ae3% colorimetric  method
%ﬂﬂ‘ﬂﬁﬁ? 87 m-hydroxydiphenyl reagent wazwulseun 52.5% Iﬂﬁ%_lnfrared speCtromefer

. ~ S P A = '3 . g i
analysis (3UN 1) drwnmieiuosndsznouyss neutral sugars 1AUA glucose fructose

= oy, o a
rhamnose LL@i% arabinose NWUIINMIUATIZH 198 TLC method ('g"‘lh’l 2) 40y HPLC method
Py Py .d o Z a a s A o 4
(314 3) Tuamznlu PF Josddszneuvesthmananuilafgdfne glucose 31NA19AUATIEH

a8 TLC a2 HPLC method faiaas 13 lugdf 4 wag 5 amudiay
3. AMANDVANWMEAINYDY PG Uaz PF

a 5 4 o
3.1 ARz nanyar U9 IR Spectrum VY84 PG uag PF 1fTvuiioudnuyae absorption band

B4 profile 910 IR Spetra 489 PG 1z PF lu3Ufl 6 uaasldifiuiinnuuana1aves band ve4
light abortion 189 functibnal group “?;.ﬁ'lﬁ/i},ﬂu PG ﬁ absorption band 1819 band ‘ﬁ Wéve
number 3436 cm’ (OH) 712937 cm™ (C-H) 71 1749 e (C=0) 1 1639 em™ (COO) i 1237-1335
cm (C-0O-H) ng‘ﬁ 1019-1105 cm | (C-OH) mmzmu PF ue@ functional group ﬁﬁwﬁiyzmm
rlﬁ&ﬁu band ‘ﬁ Wave number‘lvd} 3411 em’' (OH) ﬁ 2908 cm’ (C-H) ‘171 1632 cm’ (C-0) Lmzﬁ

1033,1061,1109 cm’ (C-OH) (T 1ids

d o et - @
3.2 %Aﬂ51$‘ﬁﬁﬂ‘ﬂ‘m&,’ X-ray diffraction pattern U483 PG uas PF L‘i_liflllmﬂ‘ljﬁﬂ’ﬂmgﬂlﬂﬂ

. . Y a Yo :
X-ray diffraction pattern uam"la“lugﬂw 7 uera IR UaN Yz U9 amorphous powder lu PG

o [~ @ § Y @
UUEN PF_melﬁ/mu crystallinity profile ¥a19U indiRgafiy cellulose powder

= 3 . 3 =
3.3 ANTZHVUIAAT Particle size distribution 483 PG waz PF tf5svifivuania particle

size distribution YOIKIHY PG 18 PF NuATuNazBenuaziiuuse 80 mesh 1011130
' . : . v o . .

WYUIAUDY particle size #I0ATDI Master Size S laglunuauaeslilu particle Size

-distribution chromatogram Glm'gﬂ‘ﬁ 8 ®sdna PG ﬁmmﬂpmicle Aunaeluyag 222-301 i

1 = ¥

&34 PF JU19 particle ATRAY 1MUY 140-164 um



H o M
M519% 4 ssndsznauveaiimaly PG uay PR

r Product

Sugars component

(method of analysis)

Galacturonic acid

Ghlacose

Fructose

Rhamnose

Arabinose

Polysaccharide fiber (P¥)

(colorimetric/IR/HPLC) (colorimetric/TLC/HPLC) (colorimetric/TLC/HPLC) (colorimetric/TLC/HPLC) (colorimetric/TLC/HPLC)
Polysaccharide gel (PG) + + + + .
- + & - -

6¢
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%T
70

— D(-) Galacturemic Acid

65 - —— Polysaccharide Gel(PG)
60

335 .

“N A \ 4* l’ ' Kl

40
35
30
25
20

[ ] [y J Y

- "‘I

15 ‘0 L ) | ) 4 | ] L L T L} L} |
40000 3500 3000 2500 2000 1B0O 1600 1400 1200 1000 800 600 3000
wave nmumber (cm'!)

(a)

Peak Areas

Stander] Galacarooic Addg)

(b)
U 1 fSoudivy IR speetra 3511919 PG AU standasd D (-) Galacturonic acid (s) 118a
identical absorption band 71 1710 - 1749 cm ' (C=0), # 1650 - 1550 em™ (C OO0} " sidx
ﬁ 1010 — 1030 cm | (C-OH); Standard curve 4943 1317 D (-) Galacturonic acid fd
peak area  (b) AMLFNLUDY Galacturonic acid AANAN peak area ﬁ absorption band

VS99 1650 em”



Rha PGl Ara PG2 GalA Glua PG3 PG

gﬂ‘ﬁ 2 TLC chromatogram ¥83M3IaLH10 PG 970 acid hydrolyzate UU silica gel 60
F,i YUY aluminum plate mobilc phasc 19 solvent system sznauday
ethylacetate : acelic acid : water (4 : 2: 3) spray reagent Usenoudan 1-napthol
1% ethanol 1o sulfuric acid
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I

(a)

Rha Fru 1 J

->»E

(b)

Lo b bl ly

Thene {miny

T .
T = Rha (€) 1 e
k b ()
i J] Ara
- T
Thme (min) Tiene (win)
i 4 . ® e i+
y R
T B (&) T (N
22 Glu
— Thme (i)
Hhewsh eiin L] - * . e 12

zﬂﬁ 3 HPLC chromatograms 1943 (a) mmsmummunui’mmmmjm 0.5 Hmoles
Rhamnose Arabinose Fructose I0¥ Glucose; (b) acid hydrolyzate Y83
Indnann lsdion (PG), 20LU1; (¢) PG Way 0.5 [lmoles Rhamnose ; (d) PG ol
0.5 Limoles Arabinose; (¢) PG Weld 0.5 Hmoles Fructose; (f) PG Nl 0.5 Limoles
Glucose. Column Lichrosphcr®,NH2(5Lhn]: mobile phase, 90% acetronitrile in
water; flow rate, 1.8 ml/min; detector, refractive index (RI); recorder speed,

4 mm/min.



gﬂﬁ 4 TLC chromatogram Y483@158208 PF 910 acid hydrolyzate UM silica gel G 1% mobile
phase U52NDUN Y acetone: methanol : water (75:10:15). Man = standard MANNOSC,
Glu = standard glucose, Gal=standard galactose and PF =acid hydrolyzate 483

polysacchartde fiber
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gﬁﬁ 5 HPLC chromatograms Y09 (a) ﬁ'zmammﬁm Manose (Man) Glucose (Glu) 118
Galactose (Gal); (b) acid hydrolyzate 499 polysaccﬁaride ,ﬁBer (PF ).; (c) acid hydrolyzate
Y8l PF ﬁ&@m 2 pwmole Man; (d) acid hydrolyzate 483 PF ﬁLaN.Oﬂ umole Glu; (e) acid
hydrolyzate 483 PF “ﬁ@?ﬂ 2 pmole Gal ; Column, amino silica ; mobile phaée, 90%

Y
acetronitrile 1111 flow rate, 1.8 ml/min; recorder speed, 4 mm/min; detector, RI

spectrometer.
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Viscosity (cps)
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;ﬂﬁ' 13 WOUDA solvent ABAI NN TIAYES 3% polysaccharide gel (PG).

Ethanol (®) , Isopropanol (™)
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% of Humectant

;ﬂﬁ 14 HAYDY humectant ABAIUHLIAYOY 3% Polysaccharide gel (PG).
Propylene glycol (9) ,Glycerine (™)
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% of preservative

717 15 waveImsiuyaRBAIWNIIAYDY Polysaccharide gel (PG).

Paraben (@), Benzoic acid (W) | Sorbic acid (4).
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MINA 5 wHaveInNNIoURBAINTIHAYeS Polysaccharide gel (PG)

Temperature, (Tm), °C Viscosity of 3%PG
Ambient Tm. 4052 +7.4
At 50°C 3554 +3.5
After cool down to ambient Tm. 3926+2.3
ALT0°C 1702 +5.3
After cool down to ambient Tm. 3954 +2.1
At 100°C 78.1 +2.1
After cool down to ambient Tm. 120.9+5.8
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1 - o a
MINARDIATMIC 188 PG ABI¥B S. epidermidis ATCC 12228 1AM

6.4 mgml UOWNIMAIMHB, C = Control (PG =0 mg/mi)
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Microorganisms MIC (mg/ml) MBC (mg/ml)
S. aureus 12.8 25.6
S. epidermidis 6.4 25.6
B. subtilis 6.4 25.6
L. pem‘osizs 25.6 51.2
E. coli 6.4 25.6
P. vulga}is 6.4 25.6

L. plantarum

Ps. aeruginosa
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Time (days)
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i ry - =
iﬂﬁ 24 MSAWYDUYD S. aureus W normal saline solution (NSS) MiAv TS
(a) polysaccharide gel (PG), (b) glucose (G)
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—6—0.02%G/NSS

CFU/mlx 10*
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=5 a
;ﬂﬁ 25 MSMOVOUND E. coli T4 normal saline solution (NSS) aue
(a) polysaccharide gel (PG), (b) glucose (G)
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P A4 .

31N 27 Scanning electron microscope 8B4 E. coli mavdamistuien 37°C

w24 F1luelu NSS (A/A) uazlu NSS Aifi 0.32% PG (B /B, Tl
raaniiFInTsamevasegly PG w24 $1luq
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substrate, 20 mg/ml ; incubation, 37 C

®1519% 8 13998 polysaccharide gel (PG) Tagiowu Lol OoC-Amylase S suieusuutle (strach) uag glucomannan. Enzyme, 25 U ;

Reagent Time digestion |Blank (Distilled water,DW ) Control  Starch (S) Polysaccharide gel (PG) Glucomannan (GM)
Test for (min) DW+Enz. S+DW S+Enz. PG+DW PG+Enz. GM+DW GM+Enz.
0 O ve D ve D ve D ve @D ve O ve O ve
1, Solution (blue) (blue) (purple) (purple).
( OC -helix test ) 30 O ve D ve O ve D ve O ve O ve O ve
(blue) (purple)
0 O ve O ve D ve(green) O ve O ve O ve O ve
O-Toluidine eq. to 0.6 mg
( reducing end maltose
test ) 30 O ve. O ve @D ve(green) B ve @ ve(green) . O ve @ ve(green)
€q. t0 17.52 mg eq. to 6.3 mg eq. to 4.8 mg
maltose maltose maltose

$9
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M3197 9 WauBINTAINABIRBYNAANMITNTUR 0.01-0.1 M #BA1588 polysaccharide gel (PG)
flaselvbosn 37°« lunar 0-4 ¥y, Substrate (PG), 20 mg/ml in dilute HCL

Control = PG in water; @D ve= purple color.

Time ( hr.) I, test for CC-helix of polysaccharide after acid hydrolysis

hydrolysis at 37’ C control PGin0.01 M HCI | PGin 0.05 M HC! | PG in 0.1 M HCI

(PG in water ) l.

0 @D ve D ve @D ve @ ve

0.5 D ve D ve D ve D ve
1 D ve D ve D ve | ® ve

4 D ve D ve r D ve ; D ve ]
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T ¥
gﬂﬁ 28 WAUDY polysaccharide gel (PG) T tatY, (trapped) 1191@ glucose (a) UAY
Msianiaoe (released) UDIUIND glucose (b) AR semipermeable membrane

AWNGINS dialysis W14 2 uag 3 3139, Data LAAIAT mean L SEM,

a o =

* = panAseisiiiediyn1eada (p<0.05) MndINIURNT LT PG W3oR
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&l Sucrose released

outside merrbrane
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Sucrose trapped inside and released outside
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Concentrate of PG (%)
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(released) ¥89111911a Sucrose WU semipermeable membrane NWHWAINS dialysis
WU 2 ¥2109, Data L@99A) mean T S.EM, * =uana9e 1 bisdaynaoa
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