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Abstract 24236%

This study was undertaken to investigate the ability of Lactobacillus spp. and
various kinds of bacteria from human faecal of healthy volunteers which could hydrolyze
native starches. The starch which was clearly hydrolyzed by any one of Lactobacillus spp.
was selected to be formulated in the granular form by coating with synthetic polymer and
pectin for development of colon-specific starch delivery system as a nutraceutical product.

Glutinous rice starch, corn starch, potato starch and mung bean starch were used

to replace the standard carbon source (2% w/v) in culture medium added at the

temperature of 47l %+ 2 °C. These four kinds of starches still maintained their morphology
when examined by an optical microscope under normal and polarized light after media
preparation. They also exhibited birefringence as seen in the native starch granules. The
15 species of Lactobacillus were used to test their potential in hydrolysis of the starches.
Evidently, L. amylovorus could consume and produce clear zone on the medium plates
which contain glutinous rice or corn starch. This result was according to the adhesion
ability of the bacteria to the both starches which were suspended in PBS pH 7.0 as 2% by
weight. The result revealed the percent adhesion of about 90%. Various kinds of bacteria
from human faecal were used in the in vitro 48 h fermentation study of these four kinds of
native starches. The pH value of test samples significantly decreased (p < 0.05) after
fermentation for 6, 12, 24 and 48 h when compared to O h. Short chain fatty acid
concentration of acetate and propionate groups showed the trend of increasing at 48 h,
whereas butyrate amount significantly increased (p < 0.05) at 48 h compared to the 1 h.
The starch granules began to change their morphology after 1 h of fermentation and
markably change was observed at 48 h when compared to the granules at the beginning
of the experiment. It was confirmed by the X-ray diffraction pattern which indicated that
the internal structure of these four kinds of starch granules was destroyed as the
incubation progressed from 1 h to 48 h which showed the halo pattern.

From the result glutinous rice starch was selected as a model of native starch
because it was easily hydrolyzed and could replace glucose as carbon source for
Lactobacillus spp. Then the glutinous rice starch was prepared in granular form by wet

granulation method and then coated as a colon-specific starch delivery system. The



. 242387
prepared granules were coated with polymer Eudrogit® L 100 and S 100 in the
combination of 1:1 by film coating technique to receive different film thickness by 25%,
50% and 100% weight increase. The polymer Eudrogit® coated granules could not tolerate
the acid condition, 0.1 N HCl pH 1.2, as simulated gastric fluid by leaking of starch within 2
h. Granules that coated with pectin types LC 710 and AMD 382 by ionotropic gelation
technique at various combination ratios of 1:0, O:1, 1:1, 1:2, 2:1, 1:3, 3:1, 1:4 and 4:1 of
both types as concentration of 10 % by weight were taken to test the tolerance along
gastrointestinal tract. The pectin coated granule with LC 710 (1:0) showed the highest
effective protection against starch hydrolysis in simulated gastric fluid and small intestine
fluid (PBS, pH 68 2 h) and then starch in the granules was completely released in
phosphate buffer solution pH 7.4 as simulated colonic fluid after 4 h. On the other hand
granules coated with AMD 382 (0:1) could not tolerate in the simulated gastric fluid
condition. When the coating system change to the combination of pectin, the effectiveness
on starch protection depended on the combination ratio of pectin type LC 710 and AMD
382 from high to low in the series of combination as follows: 4:1 > 3:1 > 2:1> 1:11> 1:2 >
1:3 > 1:4.

In conclusion, glutinous rice starch could be prepared in granular form and coated
with pectin LC 710. The system could tolerate the acid media as simulated gastric fluid
and also resist the simulated medium as in small intestine by keeping the starch not
leaking out and then let the starch release in media as simulated colonic fluid. This starch

delivery system could be developed to nutraceutical product.



vii

15Uy

AU

fAimdinsaNysenie

unAndaniui e

UNAREBATHIBINGY

asUeygU

AFUYAITN
4 s X 4 da . i

unil 1 ANanAYuaLANaasignIivinisiaY

Faquszavduaslasanisise

UNT 2 NISNUNIHITIRNTTN/FNTFRNATIALITDY
P

UNA 3 NISNARDY

UM 4 NBNITNAFBILATNITDALSUNS

unil 5 a3UNAN15398

WBNANSBINDN

AMARNUIN

viii

21

30

65

67

73



viii

CRELTET)

31]}"’; Wi
2.1 Tnsas3vazlag 4
2.2 Tnsesswezdlamain 5
2.3 lanadrmnaaizaunaiu , 12
2.4 Tasesdranadunfinsandag 13
2.5 Tnses3anARNEAAMEaN3an 13
2.6 Egg Box Model 13

4.1 snuosdfinufsRunmetindasqanssmisssnm (Ee) uaz

ninsqanssmintiussinanlsd (197) fifndney x40 32

]
a a

4.2 snuaizdautelusmnsulsinanfigomanfl 50 %% nelfindesqanssen

s53m (1) uszniasganssminliuasinanlsd (391) Aitndsmeng x 40 33
4.3 91935y Lactobacillus spp. uWammsuieisinglasiinumasaiuau 36
4.4 N5\93EYPBY Lactobacillus spp. ukammsudeiduledunsedmuiduunaeaniueu 36

a , & da v a
4.5 ﬂ']‘il'V‘ifyLLﬂzﬂq‘iﬂﬂﬂuﬂ\jﬂﬂ\j L. amy/ovorus Uu@qﬂqsllﬁ\j'ﬂ“LLTjQ'ﬂ'VJLViN?J'JLLﬂ:

wilatinnwaduumasansueu a7
46 AnaNsaunstesuwfitmidsauazuteinnlwares L. amylovorus 37
o -4 v a 4 a &
4.7 anvazdiawfeinmisaneliindssqanssmiBidnason 38

4.8 aN¥MzUAzINIATBILNTYALTENImTEiBULATNAINITAATUIA
AaBusIues 20 39
4.9 snunzrpsunsyauiinamiuasnnissganssmiBiinaseu 40

4.10 anwouzne ifndasqanssmizasunsyaneunisiafiou 41



ix

411 AnbnizuazqUiaunsyaulifiiaRaudan Eudragit® L100 - S 100 (1:1)

auInAANEW (N) 25 % (1) 50 % (A) 100% NN B3 42

4.12 AnuouzunayaIARBUANdN Eudragit® L100 — S100 (1:1) AAsmminusidu 25%
aelindnsqanssmiBidnasen (n) Aufanneuen (1) NAGRIIN (x75) (A)

AARATINN (X500) 43

4.13 MFreenvpuisnunsyaiiadousion Eudragit L 100 — S 100 (1:1) nasm
manaaauls 0.1 N. HCl pH 1.2 1w 2 #ala arnunsyadidmminidstu
(M) 25 % () 50% (A) 100% 47

4.14 3580 9 (enanRua) AesaawuFdogasunirasunsyanfouids 48

- [ %

o/ d = A o/ b 4 b 4
4.15 ﬂﬂﬂmzltﬂiﬁﬂﬁLﬂﬂﬂUWJﬂLWﬂC‘INVI‘i:ﬂUﬂ']”!NL?JN‘ZM 5%, 6%, 7%, 8% UKL

9 % nasnsesaNulml (Mmdne) uasndinseuwieignmgi 37 O

W 12 Falue (nwaan) 49

b 4 ‘a o/ J kA
4.16 ﬂ’]W“J’Iﬂﬂﬂﬂ\?’?ﬂV]‘S’iﬂuﬂLﬁﬂm‘i’ﬂuuﬂﬂ\‘lﬂﬂﬂmzwuﬂ’)ﬂ"lﬂu’ﬂﬂ (B8) WRE

MAGAZINN (297) BBIUTAARBLINARNINNAITRLANLNAR WA H I N

5% AIN189B818 x 500 71 low Was high vacuum mode 51

417 AMAINNABITaNTIMIBIANAIDNUAAIAN T AURIMEWEN (F12) uas

MARRTIN (297) ?J’ﬂ\‘itﬁﬂ LARDUINARUIINANTREAINARHATHIT Y

9% AM1A9PLY x 500 7 low WAL high vacuum mode 52

418 anwnineRsumaRWTiRASIagaY (1) 0.1 N. HCl : pH 1.2
(9) PBS : pH 6.8 W 2 Falua 54

4.19 ANUEAMARILINARY (5%) AiKunsasauly (1) 0.1 N. HCI

pH 1.2 WazauFa () PBS : pH 6.8 W 2 Falug 55

4.20 ANEUUTIAARDUINARY (6%) Anmun1anasauli (M) 0.1 N. HC :

pH 1.2 UAZAINARE (2) PBS : pH 6.8 WM 2 T 56



4.21 ﬁ/ﬂﬂmztﬁﬂlﬂﬁﬂULWﬂﬁu (7%) #IPJ’TNﬂ"I’i‘VIﬂ’NﬂUTu (M 0.1 N. HCI :

pH 1.2 UAZANGAE (7) PBS : pH 6.8 1 2 Hlag

4.22 AnuauzdanRaumAR (8%) inasauli (N) 0.1 N. HCl : pH 1.2
UWRZANAIE (1) PBS : pH 6.8 W1m 2 §7Tu9 Wax(A) PBS : pH 7.4 1w 4
Fnlaa

4.23 Anuouzidaadauinaiin (9%) finasaulu (n) 0.1 N. HCI : pH 1.2
WATAMNAAY () PBS : pH 6.8 1w 2 4318 Wax(A) PBS : pH 7.4 1m

4 ‘Ef"’JTNQ

5 & "
4.24 msﬂizmﬂmﬂmuif\mmﬁqwﬂumfffwnﬂmqawiiﬂﬁﬁ‘iium (x10)

(UH) NMM1952289u1NUSNNuTBs (819) NMM957289 TSN uMAn

4.25 ManlAguuadnE s ANRIIBIUNTYAIARBLINARY 9% T 0.1 N. HCl pH 1.2

W 2 Falae melfindasqanssmiBianasan (Low vacuum mode)

4.26 NMAURIHUURIANH TN NAILNNIBIUNTYRLARBUINARY 9%
nasanmAaUTi 0.1 N. HCl pH 1.2 iadiae PBS : pH 6.8 nals

NEDITANTIANBIANATBU ( Low vacuum mode )

57

58

a8

61

63

64



FISUYAI159

P2
AN

4'0 o/

2.1 anunsfiddnyrvesiilasuazasilamwaiu
2.2 U3n104 RS Tusadufaissilaaande (Starch) uazutl (Flour)
4.1 gUinuarAnyarrsadauivAusngi q

4.2 mawdydulauarnistiasuvivessuuafiBausalaunBada

{ _ 1 g
TupmnsAsuleRiu 2% wiv Lflul.mmm%uautmummaﬂﬂﬁﬂﬂ
3’ o/ 3’ o/ £ g o/ 4 =3
4. 3 Wminiden Wansnuie LLazumuﬂﬁqtytﬁmeﬁmLﬂﬁﬂmwmmu

4.4 ugmapadinasiannisinujitenvaslalasuiuuieissannan

Tuusazaning

34

35

50

60



