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Points to be addressed

» Introduction
» Who | am?
» General remarks

» Dietary fibre/fibre definition, terminology, chemistry and
physicochemical properties

» Dietary fibre in feedstuffs

» Direct effects of fibre in the gastrointestinal tract

» Indirect effects of fibre in the gastrointestinal tract

» Can dietary fibre proactively be used to influence gut
health?

» Fibre and short-chain fatty acids

» Take-home message

October 17, 2018



AARHUS
/v UNIVERSITY

Introduction: Who | am?

» Worked 30+ y with carbohydrates
and cell wall associated
phytochemicals:

» analytically
» nutritional context primarily with
monogastric species

October 17, 2018
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Introduction — general remarks

» Dietary fibres are present in almost all plant materials

» Dietary fibres represent the part of the diet that cannot
be digested by endogenous enzymes but potentially can
be fermented by the microflora

» Dietary fibre influences digestion and absorption at all
sites of the gastrointestinal tract — influence on
digestibility and energy utilisation

» There are age differences in how well pigs can ferment
dietary fibre

»Some dietary fibres may influence gut health

» Dietary fibre influences amount and types of short-chain
fatty acids produced

October 17, 2018
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Introduction - carbohydrates in diets for
P1gs

Piglets

0O Ash

H Fat

8-14 % Fibé‘r B Protein

B Carbohydrates

Growing pigs

HLignin

d4

Sows 14-24 % Fiber

) Carbohydrates represents 60-70
16-45 % Fiber % of the dry matter in diets for
p |gS October 17, 2018
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Dietary fibre definition, terminology,
chemistry and physicochemical properties

October 17, 2018
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Classification of feed carbohydrates

Categoryl

TypeDftomponentl

Examplel

Sugars{DPE-2)E

OligosaccharidesHDPEB-9)k

PolysaccharidesEDPZ10)x

B. Non-starchE@NSP)&
Cell-wallENSP[
Non-cell-wallENSPE

Monosaccharidesl?
Disaccharidesl2
Sugarlcohols

Maltodextrinsl
Resistant*@®ligosaccharidesl

Resistant™[

Solublel

Insolublel
Storagel@olysaccharidesl
Feeddditivesh

Glucose,#ructosel?
Sucrose,Hactosel
SorbitolX

Enzyme@reated@naterials
Raffinose-oligosaccharides,?
Fructo-oligosaccharides[?

Beans,3potatol]
Oats,Boyabeanineall
Cerealiy-productsl
JerusalemBrtichokel
Pectins,EBumskl

DP,@legree®folymerisation.l
Resistant*@Eneans@esistant@oEndogenousEnzymes@n@he@mall@ntestinefigs.kl

October 17, 2018
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The classical way of characterizing feed vs.
chemical/nutritional classification of carbohydrates

CP | Fat

Ash

Lignin CF, crude fibre; NFE, nitrogen

free extractives; CP, crude

l protein (N*6.25); NSP, non-
I- starch starch polysaccharides; OS,
\ J

1

Sugars

oligosaccharides; RS, resistant

: starch.
Flbre' '
Dietary Fibre

Bach Knudsen & Laerke (2018).

Non-digestible Digestible
carbohydrates carbohydrates

October 17, 2018
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Definition of dietary fibre/fibre

»Dietary Fibre »Fibre

» Carbohydrate polymers with » Total fibre = non-starch
three and more monomeric polysaccharides and lignin
units (and lignin) which are » Neutral detergent fibre (NDF)
neither digested nor absorbed , Acid detergent fibre (ADF)
in the human small intestine » Crude fibre (CF)

Codex Alimentarius and the
European Commission (2009)

October 17, 2018
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Relation between different procedures

Oligosaccharides )
Resistant starch
Soluble
hemicellulose ce \
—_— ) e edg\\)&
{e
1 Dietary
Insoluble Fibre
Insoluble - “ NCP
hemicell Insoluble
DF
Cellulose crude  ADF Cellulose
Lignin fibre —
& J j j Klason Ilgncljrc‘tgber 17,2018
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S | Glucose
ampie Sugars Fructose
Sucrose
L Low molecular carbohydrates Lactose
Polysaccharides Starch
//)” Raffinose
\ ) Oligo- Stachyose
Resistant saccharides |verbascose
» Fructan starch Fructooligo.
{
— Non-starch polysaccharides (NSP) -
Rhamnose:
» Cellulose ez
Arabinose -
_ , Insoluble | Xylose I =T
Non-cellulosic polysaccharides (NCP) —— Mannose - —°
Rhamnose NCP Galactose " O
FAHEE Glucose (D
Arabinose Uronic acid:
Xylose .
Soluble | Mannose :
¥ NCP Galactose g
Glucose .
Lignin Uronic acid a
®

J1aq1} Aielaid
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Features of the cell walls —
fibre

» Protect the cell content
against digestion by

endogenous enzymes N\

» Hydrate, i.e. hold water in (- ) OO.OO
the cell wall matrix o , ~2

» Cause viscosity of the liquid /\ ‘7_§_\\

p h a Se Wiscosity
Saunders et al. (1969). Tervila-Wilo et al. (1996).

October 17, 2018
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Dietary fibre/fibre in feedstuffs

October 17, 2018
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Dietary fibre in feedstuffs

800

700

(o
o
o

o
o
o

Concentration,&/kgiDM

100

600 |

300

200

Cereal
a co-products
Cereals ' A ‘
[ ]
A
[ |
O
||
U C ¥ > n C wv c =
S 582 %283 5 3
musEO@ﬁus
2 o =2 >0 3
QJEQDU')
£58 8
S o Q

Fibre
co-products

—t—

Protein
feedstuffs

|

Peas

Favalieans
Soybeanlneal
RapeBeedtake
CottonBeedXake
Pealhulls
Potatoulp
Sugarfbeetulp

NDO

RS

S-NCP

[-NCP

B EOO0O

Cellulose

NDO, non-digestible
oligosaccharides; RS,
resistant starch; S-NCP,
soluble non-cellulosic
polysaccharides; I-NCP,
insoluble NCP; KL, Klason
lignin.

KL

October 17, 2018
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The main NSPs of cereals
T(mta-gmse Cellulose [3- C1-10-C4 bonds
%“- "‘:"_,:.ﬁ.. W _\-,

hvdrogenbik. 7( ‘I : FEFLHIE ."[I".E“j (F-‘E"-]

Cellulose
ricrofitril s

» B-glucan
Arabinoxylans

Ace

O
Y
Xylp_o O
sucans  NEQ 7oty
6.

(9)
Xylp
foH )
> Araf o,

Araf = a-L-arabinofuranose

Xylp = B-D-xylopyranosse

Fae = ferulate

4-O-MeGicA = 4-O-o.-D-methyl glucuronic acid

Diferulic Acid (DFA)
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The AX structure and solubility

» Low solubility for corn AX
because of high degree of
cross-linkage with phenolic
acids (ferulic acids)

» Low solubility for barley AX
because of AX structure

40,0
35,0
30,0
25,0
20,0
15,0
10,0

Solubility of AX (%)

71
ppm
309
ppm
Corn Barley Wheat Rye

October 17, 2018
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Non-starch polysaccharides and lignin (% of DM) in cereals,

legumes and protein rich feedstuffs

Soybean
Corn Barley meal
NSP

Cellulose
NCP

Rhamnose
Arabinose
Xylose
Mannose
Galactose
Glucose
Uronic acids
Total NSP
Klason lignin
Fibre

2.0
7.0

0.0
2.0
2.7
0.2
0.5
0.8
0.7
9.0
1.1
10.1

1.8
9.5

0.0
2.8
4.5
0.2
0.4
1.2
0.4
11.3
1.8
13.1

4.0
14.6

0.0
2.7
5.6
0.4
0.3
5.0
0.5
18.6
3.2
21.8

5.9 12.4
14.6 18.9
0.2 0.4

4.4

i (e
0.5 1.3

2.0 1.3

0.8 0.7

5.0 6.0

20.5 31.2
9.0 13.0
29.5 44.2
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Direct effects of fibre in the
gastrointestinal tract

October 17, 2018
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The digestion of carbohydrates in pigs

] SCFA
Microflora p—- 0 ——

a-amylase ( Variety of microbial fibre

degrading enzymes

|  Glucose
. B - Fructose

i {{/Tas es Galactose

October 17, 2018



/v s Bacteria in the gastrointestinal tract of the pig

Stomach

Bacteria (cells per g digesta)

6"
K Qesophagus pH
Q,b‘o Desophageal region
& Pylaric region Stomach
(&Q Q,"\ 1089
o X
( H2-5
*\b '\& Proximal SI p
X\ .&& 3
G S 10 <
~QQ' pH ~6 - Small
&6\ - intesting T
v ( '_"' ."1 Caecum
* 1 10
Distal SI i'. i 10
10° < 1 - l"‘.; pH 5.5-6.5
pH 6-7 - \
h / Caecum
Terminal ileurn
Colon
10t < Colon =
pH 6-6.5

Rectum ———® %

108—9

1011
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The gastrointestinal tract of pigs
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Salivary a-amylase

** Pancreatic a-amylase
*** Intestinal carbohydrases

H
— Saliva* =
(9p)
©
= i
= = Amdg&
> pepsins
(@]
(9p)
(9p)
(eb)
(&)
(&)
<
H

= Pancreatic juice** |

88

e

| o
—

* %k %k

Carbohydrases
activities: mostly
endogenous but
also microbial

Carbohydrases
activities:

predominantly ——

. . October 17, 2018
microbial
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Digestion and fermentation of carbohydrates
in the gastrointestinal tract

Small intestine I Large intestine

Sugars & dig. oligosaccharides

Starch |_‘

Non-digestible oligosaccharides

]
|

Bach Knudsen et al. (2013) October 17, 2018

NSP




/v G lleal degradation (% of intake) of cereal

NSPs
N Average Range

Total NSP 78 21 -10to 62
Cellulose 46 16 -47 to 56
B-glucan 65

Barley 8 79 40 to 97

Oats 10 43 17 to 73

Rye 1 48 -
Arabinoxylan 13

Barley 6 40 17 to 51

Oats 10 2 -8to 11

Wheat 9 2 -10to 12

Rye 4 8 -7to16

Qctober17, 2018

NSP, non-starch polysaccharides.



/v 2o B-glucan is heavily depolymerise as it passes
along the length of the small intestine

Stomach  piddle si
Diet
» The molecular weight of ®- ~f /
glucan is reduced up to 20-fold 11/ % /I~ Distalsl
- relatively smaller effect of ®- i

glucan on luminal viscosity than
Its molecular weight in the feed
would indicate

DDDDDD

/ B-(1- 3} linkage
S B -0-® p-(1—4) linkage

Lichenase 8

- hydrolysis site Q.

o 08969088 B

(H ) L

— > — 2]
Tetraosyl Sequence of triosyl Cello-oligosaccharide (8]
unit x=4 units x= 3 umtx 9 @
it

n=1 [T

(]

\ \_/WBC

Q O
Swellipg O
O O
Retention time (min) e 17,2018

Vis:osity Johansen et al.(1997)
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Arabinoxylan is depolymerised to a lower extent than is
the case with B-glucan when passing the small intestine

WFL WWG WAF RAF
Water extract from diet 2.2 1.8P 2.6 3.82
lleal soluble extract from digesta 2.2 2.2° 2.6 2.8
T-test >0.05 0.02 >0.05 0.001

MW, ,weight average molecular weight; WFL, wheat flour and cellulose; WWG,
whole wheat grain; WAF, wheat aleurone flour; RAF, rye aleurone flour.
Le Gall et al. (2010).

Oy OH

o}
\0& Ace \ JWBC
4-0-MeGIcA OH Y

Ho o 4 HO o % O O
o:, 1 Xylp o_ 9 Xylp
foH ; o foH ) Swelling (0 OO
HO" Araf [, /OD/@ o Arafl, O 0
# Fae
Ace = acetate
Araf = o-L-arabinofuranose October 17, 2018

Xylp = B-D-xylopyranosse
Fae = ferulate
4-0O-MeGiIcA = 4-O-a.-D-methyl glucuronic acid Vis:(B'tv



/v v Notall fibres can be handled by the microflora

UNIVERSITY
Non-digested residue - carbohydtates,lig)
@starch and@ Lignified NSP, lignin

Microflora
Fermentatlon \Res,lsta nt
M|crob|al growth PhyS|caI effects

Short-chain fatty\ /
acids and gases

| Volume in the intestinal tract

Increased bulk ‘ EnergxctloﬁrEngls
aeces

Absorbed energy

pH |
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Fermentation of NSP residues

#4— Qalactgse < .
Ieum E 7 PeCt|n PS
v
- me i

Colon 1

L ylose| < Arabinoxylan

Colon 2

{slucoge |

0 10 20 30 40 50 o0 70 80 90 100
Digestibility (%o)

October 17, 2018

Gdala et al. (1997).



v v Digestion and fermentation of fibre
components in the gastrointestinal tract

8: BGlc | sAX  Pectic - -
L P
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Fibre and ileal and total tract digestibility
of organic matter (energy)

100

Digestibility@® DM,

40

o b
150 200

lleum

r= 0.88%**

50

Dietaryfibre,&/kgiDM

250

Digestibility@®flDM,®6

90

80

70

60

50

40

30 L—
0 50 100 150 200 250 300

r=0.89***

Total®ract

| Fermentation
of fibre

Dietary®ibre,&/kgiDM
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Comparative digestibility and metabolic energy content in
growing pigs and sows

Mean of 72 diets!

Mean of 14 diets?

Growing pigs Sows Growing Sows
pigs
Nitrogen, % 50 60 75 85
Fat, % 38 42 55 69
Fibre, % 49 55 38 64
Metabolisable
Sy, M D 12.23  The higher digestibility of

1Data from Fernandez et al. (198€ €nergy in heavier pigs is
?Data from Noblet and Shi (1993). cqused by a longer retention

time in the large intestine and

a modified microflora
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Indirect effects of fibre in the
gastrointestinal tract

October 17, 2018
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Fibre and ileal and total tract digestibility
of nitrogen

_Total tract r= 0.81%**

100 100
90

80

70
60 |- _

- Fermentation f
>0 " of amino acids

40 ® 40

Digestibility@fN,36
Digestibility@®fN,@6

30|||||| 30|IIIII
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Dietarydibre,&/kgiDM Dietaryfibre,®/kgiM
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Why fibre influences the ileal digestibility
of nitrogen?

Encapsulation of nutrients Viscosity
14
P-value:
12 F  Diet (D)= 0.004
Time (T)=0.09
w10 DxT=0.005
n"":
E 8}
z
s °r
S o4t
Protein, fat lleum digesta ,
and starch
G 1
Morning Afternoon Morning Afternoon
Protein and Wheat Rye
fat

October 17, 2018
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Can dietary fibre proactively be used to
influence gut health?

... and the answer is:
definitively yes for some age groups
but more problematic for other age groups

October 17, 2018
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Microbial microenvironments within the large
intestine

/// / - /
Substrate - w =7 20 ~
/. amount and UULUWELUEL . ? =
. | Repetn Y | &
COmpOSItlon - ‘* cp_”___:';—‘—:o—j Starch —
o lant cell e y S
“ % can be L ian \ Ve ; °°? =
Q : o ; % / // .
“ re gul ated by D a f a5 \ ) A é'/ —:
dletary Mmeans lﬁ.gsjled S 1) Epithelial and inner mucin o
o o = ° ° w oo . par(:icles e o Lumen Iayer LI___
o W TR e T @ e e a 2) Diffuse mucin layer
® o S o © ® o0 q e | 3) Gut lumen-liquid phase
o ANY D o = QS 2 S 2 Q @ D ) Outer mucin layer (diverse micrObiaI
community)
e o | nnermuentaver4) - Gut lumen-substrate
LTTTUTRO U LR U UL UL particles (specialist primary
l I COIOnizers) October 17, 2018




Thomsen et al. (2007); Mglbak et al. ( 2007)
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Fructans/inulin as prebiotics to protect against
experimental infections with Brachyospira hyodysenteriae

TR

Fructans , E100- 2 X
g2 '/2 22 20
. 5 E 75 \ E2TE / !X. h
Fibre 240 236 5 4R 3 FARNE
Ea 50 - ,-"I \t ' .agsu_ ."/i \'h. \.
EE | ! k] / \?
EE 25 - ! . .-"l e ;E:, 25
n.% o J I 'g "-'d o
0 5 10 16 20 26 20 3/ 40 & O 5 10 15 20 25 30 35 40
{2 Days post challenge (b} Days post challenge
—8— Diet 7 (B+T) {n=0) —E—Dist2 (B~TWn=A] —¥— Diet1(B)i(n=8) —=— Diat2(3) (=%
*DNA-fingerprint technique (T-RFLP)
¢16S rRNA
Diet 1 (control) D|et 1 D|et 9
eSporobacter N\ . .

Diet 2 (fructan)
e Bifidobacterium thermoacidophilum
e Megasphaera elsdenii

Detection of Bifidobacteria by specific
primers
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Influence of dietary carbohydrate on

phyla composition

» Inulin with variable chain length
influence the abundance of
phytolytes belonging to
Lactobacillus spp. and
Bifidobacterium spp.

» BD, background diet; HP, long
chained inulin (DP 10-60); P95,
short-chained (DP 2-7); Synergy =
HP:P95 (1:1);

» Resistant starch type 3 influence
the Firmicutes to Bacteroides
ratio

Relative Abundance, %

N
o
J

—
(6}
1

R
&
1

(&)}
1

o
!

Jejunum lleum Cecum

oBD @ P95 m Synergyl m HP

Patterson et al (2010).

A

1.00+
0.95+
0.90+
0.85

0.20+
0.15-

=

0.10
0.05
0.00

—

Bacteroidetes

Firmicutes

B
25+

20+

Proximal Mid Distal
Colon Colon Colon

" Firm/Bact ratio

Haenen et al (2013).

October 17, 2018



AARHUS
/v UNIVERSITY

Fructans/dietary fibre as prebiotics

(——————— Bifidobacteria

Saccharolytic growth

and lactic acids

Inhibition of potentially
L
> pathogenic bacteria

ye Fructans - \

E. coli,
diarrhea —

A% piglets /

Hedemann and Bach Knudsen (2010a,b)

| Fructans -

etfocts? l | B. hyodysenteriae,
Producton of acetc swine dysentery —

growing pigs

Thomsen et al. (2007);

\ Mglbak et al. ( 2007)

v

Dietary fibre - \
B. hyodysenteriae,
swine dysentery — y -
growing pigs

October 17, 2018
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Digestion carbohydrates (% of intake) at the end of
the small intestine as influenced by age

Piglets, 0-10 days post-weaning 9 73 3
Piglets, 14-28 days post weaning 8 95 14
Growing pigs 78 96 21
Sows 3 93 30

NSP, non-starch polysaccharides.

Bach Knudsen et al. (2012) October 17, 2018



/v ~uus  Digestibility of starch in non-heated feeds 9-
T 28 days post weaning

100 v .
O v : =
90 | ,
@
x 80 F
< H 4 .
= Cooked rice (100 %)
= 70 |
7 .
.20
-] 60 |
50 B &
40 ] ] ] ] ]
9d 10d 14 d 21d 28 d

post weaning

Leerke et al. (2003); Hopwood et al. (2004); Pluske et al. (2007); Jensen et al. (1998); Gdala  October 17,2018
et al. (1997).



The capacity to digest in the small intestine

AARHUS

W wesm  iNfluences amount and composition of

substrate for the large intestine

NSP, g/kg DM

7 80 120
Intake: 300 g/d
Recovery (g), 0-14 d p.w.
Starch 52 46 42
NSP 2 24 36
T-CHO 54 70 78

Bach Knudsen (2018).

October 17, 2018
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Fibre and short-chain fatty acids

October 17, 2018
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Experimental design

| 10 intact pigs. Weekly blood and
WSD RSD AXD faecal sampling. At slaughter

7 % fiber 19 % fiber 19 % fiber .
15% fat, 20% protein, equal available CHO :.amplmg of gut content and
Issues

sorow _Luso |0 _|_wo _

Total NSP 14.4
AX 1.8 1.5 7.2

RS 0.6 11.3 0.8

Fructan 0 0-3 22 6 pigs with catheters placed in

AXOS 0.2 0.2 0.7 the mesenteric artery, portal

Lignin 0.6 13 1.5 vein and hepatic vein

Total DF 7.2 18.6 19.6

October 17, 2018
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Influence of resistant starch and arabinoxylan

on microbial composition

quantity,logl0 per g feces

AXD
107
a Jwsp
1 rsD
b b 575
9 T Bl AxD .
525
a 45
- a 75
8 2
b u-;_ 3
b % b a T s
b an 15
ales T [ s
& 075
@
b : s
ab % Qo 5
6 | % g 15
b O .x
1]
=
o
5 =
E 45
525
-6
4
125 -0 15 -5 25 0 25 5 15 10 125
Faecalibacterium Roseburia Blautia Bifidobacterium Lactobacillus
prausnitzii intestinalis coccoides_E. rectale spp spp _ .
group Principal Component 1: 52.0%

WSD: Low fibre control: 70 g/kg DM
RSD: High fibre with added RS: 190 g/kg DM
AXD: High fibre with added AX: 190 g/kg DM

October 17, 2018

Nielsen et al (2014).
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SCFA production at different sites

Total SCFA Acetate Propionate

3009 dietxseg P<0.001 2001 dietxseg P<0.001 dietxseg P<0.001
diet P<0.001 a diet P<0.001 801 diet P<0.001
> > 150 b 60
) B > E
- 200 o ©
— — © b
o o a = a
o
a 2 100 . a o 404 2 a
o o —
a ab a o
£ 100 g ab b ab £ ¢ ab
€ 4
) : rll r| b ﬂ : rll ] H b b ﬂ I
0+ 0 Ill |-L| IJ-I 0 o n |L| Illlll
Si3 Cae Co1l Co2 Co3 si3 Cae Col Co2 Co3
Butyrate Branched-chain fatty acids
401 dietxseg P<0.001 2.0 dietxseg P=0.006
diet P<0.001 R diet P<0.001
a
> 304 > 1.5
© a © a
° ° ab ab a
° b a ° b ab O LFD
Q 201 o 1.0
— b —
° - , i m  HFRSD
£ b £ B . HFAXD
E 104 ° ¢ br_l l E 0.51 H H ﬂ
o & i |1| |l| |l| |l||1| 0oL 1T
Si3 Cae Col Co2 Co3 Si3 Cae Col Co2 Co3

LFD: Low fibre control: 70 g/kg DM
RSD: High fibre with added RS: 190 g/kg DM October 17, 2018
AXD: High fibre with added AX: 190 g/kg DM Nielsen et al (2014).
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SCFA absorption

Net portal flux (mmol/h)

120

100

80

60

40

20

SCFA

Net portal flux (mmol/h) WSD AXD Fold change
Acetate 24 62 2.5
Propionate 8.2 25 3.0
Butyrate 2.8 10.2 3.6

Acetate

Propionate Butyrate

OwWsSD  Low fibre control: 70 g/kg DM
@RSD High fibre with added RS: 190 g/kg DM
High fibre with added AX: 190 g/kg DM

(Ingerslev et al 2014)

October 17, 2018
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Take-home messages

» The dietary fibre fraction represent the most complex
composed part of the feed
» The different fibre methods give rise to different results!

» Dietary fibre are, depending of the type, modified as they pass
along the small intestine; the main site for the fermentation
dietary fibre is the large intestine

» Overall, dietary fibre reduces the digestibility of organic
matter (energy) and nitrogen at ileum and over the entire
gastrointestinal tract

» Dietary fibre can proactively be used to influence gut health in
some situation

» Dietary fibre influences amount and composition of short-
chain fatty acids produced

October 17, 2018
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Effects of butyrate — in vitro and in vivo

Intestinal level

Intestinal barrier
function

and P mucus
synthesis

Inhibit early
inflammatory
responses (IL-6,
TNF-0)

| Apoptosis of normal
cells

1 Apoptosis of
malignant cells

AN
Immune \

regulation -
inhibit NFxB

Inhibiting histone
deacetylase 2 gene
silencing

Energy (ATP) \

production for
colonocytes

R. C. Canani et al., World J Gastroenterol (2011), 17(12): 1519-28.

Cell growth and
differentiation

Systemic level

» I satiety hormone PYY
» I Glucagon-like peptide-1 (GLP-1) secretion
- Reduce food intake

» Improving insulin sensitivity

» Butyrate protects against diet induced obesity and
insulin resistance in mice

- Mechanism of action related to promotion of

energy expenditure and induction of mitochondria

function

(Z. Gao et al. (2009), Diabetes 58, 1509-17)

October 17, 2018
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Influence of butyrate in vitro and in vivo on
parameters related to gut health

Journal of Functional Foods 40 (2018) 9-17

Contents lists available at ScienceDirect - Functional
FOODS

Journal of Functional Foods

iournal homenaae: www . elsevier.com/locate/iff
I O URMNAL ©OF

AGRICULTURAL AND

FOOD CHEMISTRY pubsacs.org/JAFC )
EffeCt ‘ )CrossMark
mucus-

Effects of Resistant Starch and Arabinoxylan on Parameters Related

ElllttiISEﬂ‘q to Large Intestinal and Metabolic Health in Pigs Fed Fat-Rich Diets
u Il

Department ofA
Department of Animal Science, A:

Skﬂu Nlelsenj* Peter Vﬂlﬂﬂﬂl Thail CHa Darmws Natkalia T Narckaw and Fand Beilr Rach Fandean

Nd nutrients r‘ifﬁw

ABSTRACT: This study comp:
control diet (all high-fat) on larg
slaughtered after 3 weeks of trez
glucose, insulin, and insulin resis ERemiewr
genes involved in nutrient trans)

mdor gt wlon) mdsome s [mpact of Diet-Modulated Butyrate Production on
Intestinal Barrier Function and Inflammation

Knud Erik Bach Knudsen 1#*), Helle Nygaard Larke !, Mette Skou Hedemann 107,

Tina Skau Nielsen 1, Anne Krog Ingerslev !, Ditte Sevse Gundelund Nielsen !,

Peter Kappel Theil !, Stig Purup !, Stine Hald 2, Anne Grethe Schioldan 3, Maria L. Marco *,
Seren Gregersen * and Kjeld Hermansen ?



AARHUS
/v UNIVERSITY

Location of fibre in wheat and corn
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Digestibility of energy as influenced
by weight and fibre level
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Resistant starch (RS) as a prebiotic - influence
on gut epithelium

» Genome-wide transcriptional
profiling have shown increased
expression of the genes
involved in fatty acids [3
oxidation and the TCA cycle and  rcioee  ipdmeasolsn
suppression of genes involved U
in both innate and adaptive
iImmune response

» The colon less immunoactive
due to RS induced SCFA and
butyrate production and lower
exposure of potential
pathogenic microorganisms

» Shift in the balance of energy
expenditure for maintenance
and growth?

immune response

(Haenen et al. 2013)
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