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Functional oligosaccharides

« What are functional oligosaccharides?

» Food ingredients which have health benefits

Food
ingredients o ) ]
« Have positive effects on human health, both in the prevention
‘ ‘ \ and in treatment of chronic diseases.
/!
K “Let food be thy medicine and medicine be thy food"
— Hippocrates
Nutritional

supplements o
 Characteristics

 Water soluble, so called soluble fiber

Can not be digested, so called resistant fiber

« Can grow microbiomes or interact with microbiomes, so called prebiotics




Functional oligosaccharides

e Sources

= Extraction or hydrolysis from biosourced polymers. Ex.: Resistant dextrin

= Synthesis from simple mono- or oligo- saccharides. Ex. : Polydextrose,
galactooligosaccharides

« Efficacy

= |n vitro: grow good bacterias, prevent pathogens growth

= Invivo: health benefits by clinical trial
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Resistant dextrin

«*Can be obtained from starch

**Two types of polymers in starch
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Branched chain, slippery Long linear chain and can form gel network

texture

Starches Banana | Wheat | Potato | Corn | Starches High Pea
amylose
maize

Amylopectin 83% 80% 77% 75% | Amylose 40% 61%




Resistant dextrin

» Production process —

Starch (corn or wheat) + Acid ——— @ — ‘ '
! i

60-80°C Drying
fluidification

resistant dextrin < Purification 404 =
Fiber enrichment o -”‘
Dextrinization

Industrial grade
Yellow dextrin (glue)

Resistant
maltodextrin

\4

Starch (corn or wheat) ——| Pyrolysis Enzymatic treatment|—

Convert normal a-1,4 to random 1,2-,1,3-,
1,4-, o or B linkage

@
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Resistant dextrin

Health benefits

Maintain tooth Maintain blood Help retain health

: e glucose and insulin : :
mineralization level triglyceride level

Applications:

Dietary meal Confectionary
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Fructooligosaccharides FOS

[-2,1 resistant to hydrolysis by

Sources: salivary and intestinal digestive
. enzymes
i - HO ‘
s ¢ B Fructose unit
Glucose unit R oH /
& N B2k % . . | |
'ke_; . OH +u o Chemical or enzymatic Fructooligosaccharides
) o A0 O degredation ~ (FOS)
Chicory oy OH
Rich in inulin Inulin
. 110 c
Health benefits: 100 | Comparison of potential
% - prebiotic effects and
*  Microbiota modulation (prebiotics) g © st rem s | TEFMeENtability
«  Promote calcium absorption g awoanespocsrsn O FOS andfour  other
e Nature sweetener. 3 % u bodetrose resistant starches using an
?‘:‘ 07 Moified Maize Starch-1 | 1) vitro fermentation
Side-effect: LA ahodnesvazesarcn2 | System  and  measuring
. 8 30 (MMS-2) .
i o 8  Short Chain FOS changes in total gas
Grow E. coli, Clostridium (pathogens) 2 oroduction,  pH,  and
J Appl Microbiol. 83 (3): 367-374 N formation of SCFAs (short

0 L T i . .
4 hours 8 hours 12 hours 24 hours chain fatty acids)

Jennifer M. Erickson et al., Foods 2018, 7(2), 18
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Human milk oligosaccharides (HMOs)

+*HMOs are a group of unique oligosaccharides
found in human milk

+*HMOs are the 3rd LARGEST SOLUTE in
human milk after lactose and fats

sOver 200 different oligosaccharides in human
milk, with 2’-FUCOSYLLACTOSE (2’-FL) being
the MOST ABUNDANT, 2.4 g/L

The types and levels of HMOs VARY
considerably among women, regions and the
stages of lactation.

A range of most significant abundant HMOs
can be produced by fermentation and high
diversity HMOs (>30 structures) can be
produced by mucin extraction enabling
SCALABLE PRODUCTION.

**Research indicates that commercially produced
HMOs can mimic some of the HEALTH-
PROMOTING EFFECTS of HMOs in human

milk.

SCEAENCES

Mutrients

Human milk
compositien

Macro- and
micronutrients

HMOs in
human milk




Human milk oligosaccharides (HMOs)

Structures of HMOs

2-Fucosyllactose

e HMOs contain Glucose, Galactose, Fucose and Sialic acid B-1,4
a-llz OL-1,2
A a-1,3
o-1,4 B-13 513 B-1,4

B-1,6 ( >—‘ Lacto-N-Neotetraose
a-2,3 p-1,4 ’
’ n=0-15

o-2,6

Monosaccharide key:

‘ Glucose O Galactose A Fucose

. N-acetyl-glucosamine ’ N-acetyl-neuraminic acid
Neu5Ac
Adapted from Bode, Adv. Nutr, 3: 3835-3915, 2012. | (GIcNAC) _' )




Human milk oligosaccharides (HMOs)

> HMOs health benefits

» HMOs are highly bifidogenic and promote
bifidomaterial-dominated microbiota

that promote and maintain health from 5 HMOs strengthen gut barrier function
birth to early life and act as decoys for pathogens

» HMOs stimulate immune system

HMOs ARE IMPORTANT BIOACTIVES

Prevention of pathogens (Campylobacter,

E. coli) adhesion 1o epithelia gut cells Cognitive heaith

Anti-adhesion effect on norovirus (viral

Immune-modulating effects
gastroenteritis), Influenza A

Prebiotic effects Reduction of necrotizing enterocolitis (NEC)

(affects human microbiome, bifidogenic) - in preterm infants




Human milk oligosaccharides (HMOs)

Manufacture of 2’-FL

MICROBIAL F
-~ Host organism is E. coli K12 (commonly used for
enzymes, insulin, vitamins, etc.).

-~ Glucose and lactose are fermented to form 2'-FL
and other carbohydrates.

Purification / Filtration ' < Product is defined as non-GMO.

mm (Neither the production strain nor any recombinant DNA are
v ) present in the final product. CARE4U™ does not consist of
Evaporation GMO and does not contain GMO according to the definitions

: of EU Regulation 1829/2003 and 1830/2003.)
Drying

CARE4U™ 2'-FL

98-100% 2'-FL Fmen

Highly soluble, clear \"‘~\;-: 2’-fucosyllactose
turbidity, excellent instant i e o ;

properties S
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Human milk oligosaccharides (HMOs)

HMOs are highly bifidogenic

» Growth of various potentially pathogenic or E mm Carbon source
probiotic bateria using glucose, lactose, GOS OLU  LACT 008 | 741
and 2’-FL as a sole carbon source P  Cosroum pemngens 0

u Clastigium panringans ATCC 13124 . W i -
m Eschevichia cof ATCC 11775 * # + -
& longum ssp. infantis Bi-26 8. longum ssp. infontis ATCC 15697 O’ Saimonala fyptimun EELA + +* -

g ‘:; § o E Escherichia cab (0111K(58) H.) COUG 11412 + ‘ : .

} m':' g 1000 Eschenichia col (0142 K86(E) 1H4) CCUG 11442 ' i i -

§ 00 § &0 P TS e NI NN NS D

§ = 4 Lactobacillus scidophilus NCFM * * + -
4 2N GOS  LACT  GLUY : PRGOS IACT GLU Lactobacillus paricase Lpe-37 + + * -

8. bifidum Bb-06 Bocterioides frogilis ATCC 25205 . ___ __ ' * * -

g ’::) g :(/::: Bifidpbacteriom animalis subsp. facris Bidd +* - * -

2 wo g w0 . Bifidobacterium longum subsp. lengum BI08 N + + =

é o g "::: ' Lactobaciliug rhamnasus HNOD1 + + + .

g 20 g w0 , Bifidobacterium factis HND13 . . + .

o PRGOS IACT G ~ PRGOS LACT G Bifidodacterium longum subsp. infentis 8i-28 ’ l * o

Bifidobacterium longum subsp. infantis ATCC 15687 + . + +
Bifidobacterium breve Bb-03 + + + -
Bifidpbacteriom bifidum Bo-08 * * * *

DuPoent Wutritlen & Health
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Human milk oligosaccharides (HMOs)

HMOs act as decoy for pathogens

HMOs are known to act as decoy receptors — -'Dlm}.m
preventing the attachment of pathogens to epithelial £ * ; E decoy %
cells, and may thus inhibit infectious diseases. ; el
. . : ® Cell receptor D s -
QOur study shows that 2'-FL decreases the adhesion ) i ':f"*'"'““ Nl
of three E. coli strains of infant diarrhea origin on : - » !
Caco-2 intestinal epithelial cells.
Mo oligosaccharides Dacoy oligosaccharide binds to pathogen
ADHESION (%)
10
8
6
4
2 .
0 I
E. coli GOS Z-FL E. coli GOS 2'-FL E. coli GOS 2'-FL
1412 Co-incubation with EC 11412 | 11442 Co-incubation with EC 11442 42878 ' codncubation with EC 42878
Cantrol Contral Contral

The effect of 2'-FL and GOS on adherence of E. coli 11412, -11442 and -42876 sirains were studied in Caco-2 cells using Syto24 bacteria labelling and fluorometric delection

DuPonmt HNutrition & Health
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Human milk oligosaccharides (HMOs)

HMOs mimic extraction from mucin

* Mucin glycans and HMOs share structure similarities
* Mucin glycans and HMOs both contain fucose, lactose, glucose and sialic acid

* Mucin is glycoprotein and can be obtained from biomass (pork stomach)

Slaughterhouse ,
Extraction Gl I
ﬂ Mucin ycan rerease MACs
Highly Microbiota

Porcine animals Stomach glycoconjugated accessible
protein carbohydrates

A. muciniphila growth

0 Mzan Mash M7zh

High diverse, structural and functional HMO-mimics

EPITOPE HMO (%) GNU MAC (%)

Fucose blood group H (Fucal-2Gal 33% 36%
3 inked slalic add (Newhca2-3Gal) 8% 10%
6 Nnked sialic acld (NeuAca2-3Gal/GalNAC) 13% 6%

£
e
<]
o
©
[a]
(o]

MM + Mac - P1 MM + Mac - P2

. In vitro growth of A. muciniphila in the presence of two different formulations
of microbiota accessible carbohydrates (MACs). 0, 24, 48 and 72 hours

18



Human milk oligosaccharides (HMOs)

Global HMO-containing launches

Medical food powder
“to support for patients
with compromised gut
function with digestive
disorders including
malabsorption”

Standard and
follow-on formula
with 2'-FL

“helps strengthen baby’s

immune system lo be
more like the breastfed
infant’s"

T e ABNCES

Special-purpose
ready-to-drink
infant formula for
hospitals,
2-FL and LNnT

Standard and
follow-on formula
“with two
oligosaccharides
(2'-FL and LNnT)
structurally identical to
those found in breast
milk" and “Important
for development of
immune system”

Super premium
formula with 2'-FL in
4 stage products
(birth to >3 years)
“blocking intestinal
infection”, “supports
defense system"” and
“helps prevention of
allergies™

Premium infant
formula with 2'-FL
“with HM-O to
strengthen your
immune system”




Human milk oligosaccharides (HMOs)

Global HMO-containing launches

MW
ABBOTT
SIMILAC
Imported (U.S.) infant Infant formula Toddler formula Follow-on formula Two infant
formula with 2'-FL with 2'-FL (1-3-year-old kids) with 1g/L 2'-FL formulas with 2'-FL +
“helps support your “HMO?2 to fortify a with 2'-FL to “beneficially modulate B. lactis / L. reuteri
baby’s developing child’s immune system “...help your child the infant's microbiota, “Support the developing
immune system by and digestive systems” strengthen their as well as the immune system,
closing multiple gaps in digestive health and development of of his  balance the microbiota.
immune function immune system" intestinal, immune, Probiotics to reduce
between formula-fed and potentially crying time and help
and breast-fed infants” neurological system” reduce spit-up

frequency”
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Conclusion

Moving towards the diversity and complexity of
© Human milk
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