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Tablel. Established applications of microbial exopolysaccharides.

Use

Polymer

Biological properties:

Chemical properties:

Physical properties:
Emulsion stabilization
Fiber strength

Film formation
Flocculant

Foam stabilization

Gelling agents

Hydrating agent
Inhibitor of

crystalformation

Sheer thinning ,viscosity

Control

Suspending agent

Viscosity control

Antitumour agents
Eye and joint surgery
Heparin analogues
Wound dressings
Enzyme substrates

Oligosaccharide preparation

Food, thixotropic paints

Acoustic membranes

Food coatings

Water clarification. Ore extraction

Beer, fire —fighting fluids

Cell and enzyme technology

Food

Oil recovery (blockage of permeable zones)
Cosmetics, pharmaceuticals

Frozen foods, pastilles and sugar syrups

Oil-drilling “ muds”

Food
Paper coatings
Agrochemical pesticides and sprays

Jet printing

B-D-glucan
Hyaluronic acid
Escherichia coli
Bacterial cellulose
Escherichia coli

Curdlan, pullulan

Xanthan

Bacterial cellulose
Pullulan

Various

Xanthan

Gellan

Curdlan, Gellan
Curdlan, xanthan
Hyaluronic acid

Xanthan

Xanthan

Xanthan
Various
Xanthan

Xanthan

117: Sutherland (1998)
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Table 2. Fructan produced by lactic acid bacteria.

Organism EPSs
Lactobacillus reuteri Inulin, levan
Lactobacillus sanfranciscensis Levan
Lactobacillus acidophilus Fructan
Lactobacillus crispatus Fructan
Lactobacillus mucosae Fructan
Lactobacillus pontis Fructan
Lactobacillus frumenti Fructan
Lactobacillus panis Fructan
Streptococcus salivarius Levan
Streptococcus mutans Levan
Weissella confusa Fructan

nu7: Aaaulagan Korakli (2006)
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Table 3. Difference glucan types produced by Lactic acid bacteria.

Organisms
o-Glucan
Glucan o-(1—™2) L. mesenteroides
Mutan o-(1—3) S. mutans, S. salivarius, L.mesenteroides, L. reuteri
Reuteran o-(1—>4) L. reuteri
Dextran o-(1—6) L. mesenteroides, L. reuteri, L. sakei, L. fermentum,
L. parabuchneri, L. curvatus
Alternan o-(1—6) + o- L. mesenteroides
(1—3)
B-Glucan
B-Glucan P. damnosus, P. parvulus, L. spec

N1 aauad91n Korakli (2006)
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Table 4. Momomer of Heteropolysaccharides produced by lactic acid bacteria.

Repeating units

Lactobacillus

Lb. delbrueckii subsp. bulgaricus 291 : E
Lb. helveticus Lbl161 : _ 5

Lb. helveticus K16 -;E

Lb. rhamnosus C83 Sy FOSEY =

Streptococcus
S. macedonius Scl36

@ W WA
-O-om-

S. thermophilus SFi 20 - ! O

O

S. thermophilus Rs
s Sts g g OO

. thermophilus

S. thermophilus MR-1C — i O
‘—6 L-Fuc
S. thermophilus S3 @ Ac04
S. thermophilus 88" —O—-B-D-Rib- @ l-Sug-@NAc—

S. thermophilus EU20 ® ! .

Lactococcus
1. lactis subsp. cremoris NI1ZO B39

om

L. lactis subsp. cremoris NI1ZO B891 ©® WAOS

(™) B-D-Glucose; (®) B-D-Galactose; (O) o-D-galactose; ) a-D-glucose
() B-L- thamnose; (<>) a-L-rhamnose (Rib) D-ribose; (Fuc) fructose; (Nac) N- acetyl; (Ac)

acetyl (G) glycerol

11 : 9auaann Ruas-Madiedo tazAe (2002)
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Figure 3. Health benefits of EPSs produced by lactic acid bacteria.
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Figure 4. Activity of non- digestible carbohydrates in colon cancer protection.

37 Niba (2003)
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Table 5. Postulated protective mechanism of probiotic and prebiotic in the development of colon tumors.

Ingestion or investigation of

Protective mechanisms

Lactobacillus casei, omniflora or yogurt
Various strains of Lactobacillus and
Bifidobacterium, cellular components and
methbolites of LAB

Bifidobacterium fermented milk; fermented
milk with Lactobacillus acidophilus,
Bifidobacterium bifidum Streptococcus lactis

and Streptococcus cremoris; lactulose
L. acidophilus, S. cremoris, cell wall of LAB

Milk fermented with L. acidophilus
Milk fermented with L. acidophilus Lal and
Bifidobacteria

Fermentation of prebiotics

Butyrate

Mutation in the Ames test decreased
DNA damage in colon cells decreased

(antigenotoxicity)

Procarcinogenic enzyme activity decreased: [3-
glucuronidase, nitroreductase, azoreductase and

detoxifying enzyme activity increase; GST

Binding of mutagens

Excretion of mutagens decreased

Immune stimulation increased, probiotic
increased

SCFA increased, pH decreased, probiotic
increased

Proliferation of transformed cells decreased,

apoptosis of transformed cell increased

Nu: aaulasan Wollowski Hazame (2001)



A J =~ ~ a
M1319N 6 E]\‘]ﬂﬂi%ﬂ@‘ﬂ“lleLﬂiJ“ll@\iWill‘]JIfJ@ﬂ

Table 6. Chemical composition and characteristics of candidate prebiotic carbohydrates.

Oligosaccharide (example) Chemical composition

Fructo-oligosaccharides (Raftilose 95% oligosaccharides [ (2-1) fructan; 60% glucose,

P95) fructose,, 40% fructose, dp 2-8, average 4-5

Inulin >99% oligosaccharides 3 (2-1) fructan; average dp 10-12
Pyrodextrins Complex mixture of glucose-containing oligosaccharides
Transgalactosylated Mainly 6' galactosyllactose, dp of oligosaccharide fraction

oligosaccharides (Oligomate 55) 2-5 (primarily dp 3); 55% pure

Galacto-oligosaccharides Oligogalactose (85%), small amounts of glucose,
galactose, and lactose

Soya oligosaccharides Stachyose (fructose, galactose, galactose, glucose) and

raffinose (fructose, galactose, glucose), dp 3-4

Xylo-oligosaccharides [ (1-4) linked xylose; 70% pure, dp of oligosaccharide
fraction 2-4
Isomalto-oligosaccharides Mixture of o (1-6) linked glucose oligomers (isomaltose,

panose, isomaltotriose)

Lactulose Galactose and fructose-containing disaccharide

N1 : George azAM(1999)
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Table 7. Summary of studies designed to determine the prebiotic effect of various oligosaccharides.

Oligosaccharide structure Mode of study Evidence of prebiotic effect References
Fructooligosaccharide Transfrucsylation: a-D-Glu-(1,2)- In vitro gut model Bifidogenic effect demonstrated Gibson &
(FOS) [B-D-Fru-(1-2)-]n where n=2-4 Wang (1994)

Inulin hydrolysis: B-D-Fru-(1-2)- Invitro7 FOS inflicted higher increase in Hopkin et al.

[B-D-Fru-(1-2)-]n where n= 1-9 Bifidobacterium isolates  Bifidobacterium levels as compared to 15 (1998)
different carbohydrates.

o -D-Glu-(1,2)-[-D-Fru-(1-2)-In In vivo 40 healthy Dose—dependent increase in Bouhnik et al.

where n=2-9 humans Bifidobacteria. (1999)

In vivo placebo

controlled 4 males

In vitro continuous

culture of human faeces

Significant increase in Bifidobacterium
number, decrease in Bacteriodes,
Clostridium, Fusobacterium.

Selective fermentation of FOS by
Bifidobacbacterium spp. And
Lactobacillus spp. Using dot blot

hybridization

Gibson et al.

(1995)

Sghi et al.
(1998)

C
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Table 7. (Cont.)
Oligosaccharide structure Mode of study Evidence of prebiotic effect References
Isomaltoologosaccharides [a-D-Glu-(1-  In vivo six healthy men and  Significant increase in Bifidobacterium levels. Kohmoto et
6)-In 18 senile persons al. (1988)
wheren=2-5
In vivo 14 healthy men Proportional increase of growth activity of Bifidobacterium  Kaneko et al.
with the degree of polymerisation of different isomaolto- (1994)
oligosaccharide components
Xylo-ologosccharides [B-Xyl-(1-4)-  In vivo rats Selective fermentation of XOS by Bifidobacterium using Campbel et al.
(X0S) |n where n=2- microbial culture and SCFA analysis. (1997)
9
Lactulose [-D-Gal-(1- In vivo humans and rats Significant increase in Bifidobacterium spp. using microbial Howard et al.
4)-B-D-Fru culture. No effect was reported on rats. (1995)
In vivo human double-blind  Significant increase in Bifidobacterium levels using FISH Touhy et al.
placebo controlled ten (2000)

healthy volunteers

€c
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Table 7. (Cont.)
Oligosaccharide Structure Mode of study Evidence of prebiotic effect Reference
Galacto- o -D-Glu-(1-4)-[3-D- In vivo human (8 healthy Significant increase in Bifidobacterium spp. Terada et al.
oligosaccharides Gal-(1-6)-]n where n=2-  volunteers) (1992)
5

In vivo human single blind  Significant effect on Bifidobacterium levels, lower but  Ito et al.

12 healthy humans significant effect on Lactobacillus spp. (1990)
Soybean- [o-D-Gal-(1-6)]n-0-D- In vivo human 7 healthy Significant increase of Bifidobacterium spp. total Ito et al.
oligosaccharides Glu-(1-2)-B-D-Fru adults bacterial counts remained stable, Bacteroides and (1993)
(SOS) where n=10r2 Clostridium significantly decreased.

In vitro 125 human faecal
bacterial strains and in vivo
human 6 healthy adults

In vitro two stage
continuous culture system

with human faeces

Preferential fermentation by 28 species of

bifidobacteria except B. bifidum

Significant increase of Bifidobacterium spp. compared

to other bacterial species

Hayakawa et

al. (1990)

Saito et al.

(1992)
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Transverse colon

¢ Slower fermentation rate

¢ Reduced substrate availability

o Reduced bacterial activity

¢ Reduced concentration of end products

Ascending (proximal) colon

¢ High bacterial growth rates

e Active site of carbohydrate
fermentation

¢ Rapid transit

*  Low pH (ca. 5.5/6.0)

Descending (distal) colon

¢ Little carbohydrate
fermentation

¢ pH more neutral

¢ Higher proteolysis

Sigmoid

Caecum colon

Rectum
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Figure5. Regions of the human large intestine with corresponding bacterial activities and
physiological difference.

W7 : Verna Hagaale 2006
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Table 8. Host factors that may determine population level of microbiota in various of the human

gastrointestinal tract

Anatomical regions Mouth Stomach ~ Duodenum lleum Colon
Acidic- Neutral-
pH Alkaline 1.0-3.0 5.5-7.2
Neutral alkaline
Prolong/
Stasis Periodic Periodic Propulsions  Prolonged
retentive
Mucus/food/
Microenvironment Teeth/tongue ~ Mucus Mucus Mucus
crypts/epithelium
Mastication/ Digestion/fluid
Digestion/
Function Partial Digestion  Digestion and salts
absorption
digestion reabsorption
Approximate
number of cells per 10° 10-100 10-1000 10*-10° 10"

ml or g content

W Claire HazANE (2006)
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