A a a 4 a a I 9 tﬂy
¥OINUNUT mswanloa Inanuasu 1ae %o Gluconobacter oxydans NCIMB

a <3| ~ a
4943 Lm&ﬂTi‘]JSwJJuﬂ’J"IlJﬁﬁJ"IiﬂﬂﬁLﬂuﬁ’ﬁWﬁll‘UTﬂﬁﬂ

9 A [ v AaA a
AU UHAUNA W5 15A
RUREE A ma luTagann
= =1
1msane 2547

UNANYD

Ao dyd = 9 A J a a <3 dy
NUATeHT UM AN BN IZIIARONNHUIZTUADONITHAA 108 INUANLATU 1ABI%0

< a Aa 1 o A 1
Gluconobacter oxydans NCIMB 4943 31n302 Iatinasun1amsmaiianiee uaviladeniinane

9 = a 3 a a <
MINszNeUeINIa Tanataz Insedsmaualvedloa Infnuasy  wandaauedlod Inian-

4 Y
=

Ay Y an . = & 6]7 A .
1a3 U 1891033 culture medium TasM3iAeaTo G. oxydans § 1 91115108990 maltodextrin

IS o

complex medium ﬁmq\‘lﬂ’h (30.35%) 7% cell suspension (25.03%) E)EiNiJ’IIEJETWﬂﬂJ (p<0.01)
Y Y I v a a <3 A 1 A v o w
ﬂ??ﬂlﬂlﬂﬂluﬂlﬂﬂl“ﬁﬁﬁﬂNﬁ@]@NﬁWa@ﬂl@ﬂjﬂaiﬂlﬂﬂllﬁﬁuﬂnﬁ'] 24 ¥. 't’)fJNiJ‘L!fJfT']ﬂiy (p<0.05)
= ~ ' a a < ax . A = A '
WL@GHVILWNTSE‘T?J@f]ﬂTﬁNﬁ@]I@aIﬂLﬂﬂllﬁiuiﬂﬂ’J‘ﬁ cell suspension 19 WY 4.5 Qquumam

a a < [l A v o w A =~
miwnanlod lnanuasuedeilitiedinny (p<0.05) uazguupliizauio 30 DIrUsAITY

U

Y a

d a Ao i a 3 <
woa lAANATUNNAT  dextrose equivalent (DE) g9z Ivimanan lod Indnuasugagaiiy

' v
a0 o

{ < a a a < o 4 A, .
30.02% vaznuoa Iaanasunua1 DE d1 1 rnanan Toa In@nuasua o193 culture medium

Y Y Y] =\ [ a a <3 1 A v o w 3
ﬂ'JHJL‘sUiJEUusU’E)Qﬁ"Uﬁl@]ﬁﬂilWZWI@WﬁWa@]jﬂaiﬂlﬂﬂLmSu@ﬂ’NNuﬂﬁWﬂﬂJ (p<<0.05) N@ﬁiﬁmﬂ-

< ~

Aa 5 o : I a
asugalinia luanad (Jszina 1 kDa) gaulaswiluled Intnuasuilinia luanags (7.8-

65.6 kDa) 1Al dadIuu0aW sy O-1,6, OL-1.4 118z OL-1,4,6 BTy 1.43-3.99, 1.48-4.27 uaz

Y Y Y

o w v AKX (Y a 9 = a < A A
0.31-0.93 ua1dy atvuegiuan 1z lumsnaa Iassasumaaiivelod Indnuasunwan
I a &£ aa | ' Y 1 A1 o9
Muealadnasu G19 $an11agds H-NMR wudilszneudiy 44 wideng laandenudog
o 1 A o Y o a <3 A a
WUTE Ol-1,4 1Az 49 WiIeng IAaNANUABW UL OL-1,6 Loz 1oa InAnuasuNHanIINYDA-

<3 a ' {1 o @ [l {
Taanasu G20 1sznoudie 41 viileng Inanaenudienuss O-1,4 waz 45 wiong laead

A4

@ @ J J a < Qa: ]
AONUAIINUTE OL-1,6 mﬂwaﬂﬁﬂﬁTJLLﬁﬂ\‘i’Jﬂ@aTﬂLﬂﬂlm5Uﬂi$ﬂﬂﬂﬁjﬂﬂﬂgiﬂﬁﬂiﬁﬂﬂqil

Yo8n11 86 1Y

g
a a

a a < @ . @ % a o Y as
Manan Toa Inenuasuluszal pilot-scale (D9%NN 150 AA3) LagMIMIHUTINT 1Ae7D

o < Q a Y] a y
ultrafiltration (UF) Uszauanuduss 39ldnananlndifestumanaaly shake-flask Uonanil

@ 1 a <} { 1 T W
danuuaaluanavesled Inanuasui ILAUMINY (7.8-65.6 kDa)

€)



a < wAa [ ] o o
Tod Infnuasuilnuauianuaemsgesnlsan1zniaiiaee lunszmze M suYEE N
Tleeni 3% gndesalensalalasaaeiniiiey 1-5 uaznsaiiaeveInszmIzeIs i
[ a < % 1 1 @ o % 1 4
awnsndesld  Tedlndnuasudinudemsdosalveziiomd lasoziioaanndusouuybd
] a 3 9 A % 31 g a <
awnsndosTod lnnuasulagega (25%) vmzioziioaanimitaisuybddos Tod lnan-te
I o VA 4
sugegaily 15% ozoiadnunaIdunD N0 A. oryzae, B. sp., B. licheniformis 182910
9 4 [ 9 9 1 VoA a a I~} &
Invuadannsades lagegaioonin 15% maduieus Inalod InAnuasuFI@NTaNUMS
[l Aa 4 =2 o Y [l vy 1 a % 1
gosluszuumuauensuybduazded 1d1ng) lutfosnii 60% uazinanmswinas 'l
a < { a < a a 1 4 o
ToaTnanuasuinan1ag G. oxydans NCIMB 4943 91nuoa lainasusian199 et
= v Y di} A A o Y ] 4 = v A dil
AnvwamsminarerouuaiGennd1 ld vguyud  wuhlianuauniolumsdaaoenie
~ A d‘Q) d’ [ % d’d ~ o
wuanFendssmsienaaodludaninuuunzNTMINUIAzAIUALILY  (6.8) IIUIULAY
a AA @ ax .. . v a I
¥UAVUANT oL 18IS fluorescent in situ hybridization (FISH) wud1lealndinuasy
v k2
FNIUNUIUIUYD bifidobacteria 1A lactobacilli Melu 24 . ﬂﬂ’]\iﬁﬁﬂﬁ’lﬁlﬂ]u (p<0.05)
o { . . . : 2 a
UIUe bacteroides, clostridium 8% eubacteria anaINna 48 wu. ¥ealaanaiuiiiy
o ~ 12 vAa [ A tﬂy a ad A [ 1 a a tﬂy
s 1ulaasai hiliauauialumsdateniyogauns dile a0 ndaduasunsTyvoso
a <3 { a 3 a
bacteroides, clostridium 11ag eubacteria A28 To@ InAnNUATUNHAAIINNOA TAANATY G19 Tinal
wvAa a > " v a I {
audaduasns luTeangegadadisaaiing luTodn (Prebiotic Index, PI) 11U 5.90 Ai1a1N1s
o o ] qﬂ// : a o 4
wiin 48 . n3a lusiuaieTaidu (short-chain fatty acid, SCFA) Guilundasaaigaiiouoenis
Y as 1 Yy 9 a a a d‘ Y %
N1 1agds HPLC WUNANMINTUvedosdna Insilomwauazinlnsan ldanmsnin
a < a a 3 Aa { 1
ToalnanuasUHANaAINNDa JAMNASY G19 N1Ian 48 su. Uanilu 63.67, 18.36 tag 14.52
Aa A 1A o W A 1 a [ Y
Haa luaneans muday vazh inuvanmauaznuemailsnaantios

o a < a a < a [ o 1
wamIaneINIviinloa lndnuasustianananuealamnasy  G19  ludainuuuae

) Y '
TR RPN (three-stage continuous system) NUMI1UIUFO bifidobacteria 1A lactobacilli 1iVH

Ed 4
= %

v A £ g @ ) EY (B . .
Yunalunan I, 2 iag 3 GNHJ‘LJG]’JLWIWU?NmUlﬁ’GlWﬂJUﬁ’Ju proximal, transverse (1&g distal 14
o o 1 [ = = a [ % % (% d‘ a0
e aawiing luTeanludanin 1, 2 uaz 3 veamsminludun 20 a1 2.29, 4.23 uag 2.74

o Q =) d‘ a dgl % d‘ s =) =) 1 =) % %
adey 17 lmsannanvyuludui 20 Ta1 19.47, 24.28 uay 27.53 Haa luaneans ludanlin
o o 7 a Ay ¥ = g wa g ! A
1, 2 uaz 3 mwdwu a5 1u'lamsasialmin ldnnmsanuiilaaauiaduasduasums
Y
W3QUPUTD  bifidobacteria  (bifidogenic)  uazdigmananandi lmsalulSumgs

[ 3 ~ a ) [ @ S o ]
(butyrogenic) taziifneniiluaisns luTeAndmsuilosiunzs s 1d g

(4)



Thesis Title Production of Oligodextrans by Gluconobacter oxydans

NCIMB 4943 and Evaluation on their Prebiotic Properties

Author Mr. Santad Wichienchot
Major Program Biotechnology
Academic Year 2004

Abstract

This study was focused on the optimal environmental factors involved in the
oligodextran production by Gluconobacter oxydans NCIMB 4943 from a range of
commercial maltodextrins, and the influence of reaction parameters on the molecular
weight distribution and chemical structure of the oligodextran products. G. oxydans
gave significantly (p<0.01) higher oligodextran yield in culture medium method
(30.35%) than using cell suspensions (25.30%) method. Cell concentration had a
significant (p<0.05) effect on oligodextran yields at 24 h. The optimal pH was found
to be 4.5 for the cell suspension method. Temperature had a significant (p<0.05) effect
and the optimal temperature was found to be 30°C. Maximum yield (30.02%) was
obtained with high dextrose equivalent (DE) maltodextrin in maltodextrin complex
medium. Low DE substrates gave the lowest oligodextran yields. Substrate
concentration affected oligodextran formation significantly (p<0.05). Low molecular
weight (approximately 1 kDa) maltodextrin was converted to higher molecular weight
oligodextran (7.8-65.6 kDa) with ratios of a-1,6-, a-1,4- and a-1,4,6-D-glucosidic
linkages in the ranges of 1.43-3.99, 1.48-4.27 and 0.31-0.93 respectively, depending
on the manufacturing conditions. The chemical structure of GI19 oligodextran,
produced from maltodextrin Glucidex G19, elucidated by 'H-NMR was proposed to
contain 44 a-1,4-D-glucosidic residues and 49 a-1,6-D-glucosidic residues whereas
G20 oligodextran, produced from maltodextrin Goldex G20, contained 41 o-1,4-D-
glucosidic residues and 45 a-1,6-D-glucosidic residues. This suggests that the
oligodextran product had at least 86 glucose residues in total.

Oligodextran was produced in pilot-scale (150 1 fermenter) and recovered using

pilot-scale ultrafiltration successfully giving oligodextran yield similar to that obtained
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in shake-flask culture. In addition, the molecular weight distribution of the product
was also exactly the same as that produced in shake-flask batch culture (7.8-65.6 kDa).

Oligodextran had highly persistent to acidic condition stimulated human stomach.
It was found that less than 3% of oligodextran was hydrolyzed by HCl and no
hydrolysis was observed using HCI buffer. Oligodextran also resisted to amylases
digestion and human pancreatic amylase seemed to give the maximum digestion
(25%) whereas human saliva amylase showed the highest digestion (15%). Other
sources of amylase were 4. oryzae, Bacillus sp., B. licheniformis, barley gave the
maximum digestion of less than 15%. Consumption of oligodextran is thought at least
60% of oligodextran reach the colon for further fermentation by colonic microflora.

The selectivity of oligodextrans on the growth of desirable bacteria in the human
colon was studied in stirred pH-controlled (6.8) batch culture. The populations of
bacteria were enumerated using fluorescent in situ hybridization (FISH) technique.
Oligodextrans had significantly (P<0.05) increased numbers of bifidobacteria and
lactobacilli within 24 h. The number of bacteroides, clostridia and eubacteria were
decreased at 48 h. Maltodextrin showed a non-selective carbohydrate since it could
also stimulate the growth of bacteroides, clostridia and eubacteria. Oligodextran
produced from G19 maltodextrin demonstrated the highest prebiotic effect since it had
the highest prebiotic index (PI) of 5.90 at 48 h. The concentrations of acetate,
propionate and butyrate produced from oligodextran, derived from G19 maltodextrin,
at 48 h were 63.67, 18.36 and 14.52 mmol 1", respectively whist no lactate and small
amount of formate detected.

Three-stage continuous system studies on oligodextran produced from Glucidex
19 maltodextrin showed significant (P<0.05) increases numbers of bifidobacteria and
lactobacilli in V1, V2 and V3 which represent the proximal, transverse and distal
colon, respectively. Prebiotic index of oligodextran produced from Glucidex 19 in V1,
V2 and V3 at day 20 were 2.29, 4.23 and 2.74, respectively. Short-chain fatty acids
(SCFA) of fermented end products were determined by HPLC. Butyrate produced in
three-stage continuous system at day 20 were 19.47, 24.28, 27.53 mmol 1" in V1, V2
and V3, respectively. A novel carbohydrates tested in this study had bifidogenic and

also butyrogenic properties and has potential use for prebiotic target colon cancer.

(6)



