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Mechanisms by which diet and feed additives may modulate
the intestinal ecosystem and barrier function
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Density of selected
groups of cultivable
bacteria in various
section of the
gastrointestinal tract

of slaughter pigs

Log CFU/g digesta
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Relative distribution of isolates on species

Eschericia coli —

Prevotellasp

Strep. alactolyticus :

S. hyointestinalis
L. acidophilus johnsonii |
Lactobacillus sp2
Caten. mitsuokai
Coprococcus sp
Citrobactersp.
Mitsuokella mitsuokai
Megasphaerasp ]
Acidamin. fermentans |

1
|-

=

Clostridium perfringens F—1

Fusobacteriumsp12
Bacteroides vulgatus
Fusobacteriumsp11

|1

F. mortiferum l::

Eubacterium spa
Selenomonas sp
Peptococcus sp3 ]
Megasphaera elsdenii |
Staph. warneri

D .
Known species %0: 9 species

Unknown species

5

Not determined

=

Small Intestine (580
isolates):

|

19 known species (99%)
|

0 unknown species (0%)

5 not (yet) determined (1%)
Total 24 species

0 10

T

20

[ ! ! |

30 40 50 60
% of isolates




Relative distribution of isolates on species

Eschericia coli
Prevotellasp
Strep. alactolyticus
S. hyointestinalis

L. acidophilus johnsonii.
Lactobacillus sp2
Caten. mitsuokai
Coprococcus sp
Citrobacter sp.
Mitsuokella mitsuokar
Megasphaerasp
Acidamin. fermentans
Clostridium perfringens
Fusobacteriumsp12
Bacteroides vulgatus

Colon (553 isolates):
m=—— 27 known species (47%)

Fusobacteriumsp1 mmm 42 unknown species (49%)
/7 momfe(um

R umspa mmm )] Nnot (yet) determined
Selenormonas sp o

Peptococcus sp3 (4 /0)

Meqgasphaera elsdenii

Staph. warneri
Known species
Unknown species
Not determined 21

Total 90 species

16 species

% of isolates

60




16S rDNA match of predominant colon isolates

I spccics Proportion(g/l‘)lsolotes GonBank 165 rDNA TS Sinz%rity
Prevotella sp1 16.8 OTU 16 98.8
Streptococcus alactolyticus 8.6 Streptococcus alactolyticus 100
Streptococcus hyointestinalis 6.3 Streptococcus hyointestinalls — 99.8
Escherichia coli 545 Escherichia col 99.8
Acidaminococcus fermentans 4.6 Acidaminococcus fermentans 99 .4
Megasphaeraspl 3.9 Megasphaera elsaenii 96.0
Lactobacillus acid. johnsonii 3.6 Lactobacillus johnsonii 98.7
Selenomonassp 3.6 URB 4C28d-14 98.1
Mitsuokella multiacidus 2.9 Mitsuokella multiaciaus 98.7
Prevotella sp22 2.6 OTuU 18 97.2
58.4

OTU: Uncultured Bacterium (Pig) URB: Uncultured Rumen Bacterium




|
Comparison between isolates and most dominant clones*

Clones (9270)

lated species (similarity) % of clones

tococcus alactolyticus (99.7) 7.9
erichia coli (100.0) 4.8
tobacillus sorbius (99.2) 4.5
calibacteria prausnitzii (92.6) 4.0
obacillus johnsonii (99.8) 3.2

alibacteria prausnitzii (97.6) 2.9
I vacter termitidis (90.7) 2.4
haemolysans (87.1) 2.1

s reuterii (99.5) 1.9
ale (92.6) 1.6

Similarity to clones >97%



Bacteroides fragilis DSM2151T

B83
B97
Bacteroides uniformis JICM5828T
Bacteroides stercosis ATCC43183T

B81
Bacteroides vulgatus ATCC8482T
otu-29 Prevotella zoogleoformans ATCC33285T

B220
otu-28

B84
—|:\— UB adhufec55
Bacteroides merdae ATCC43184T

— B86

“— Bacteroides distasonis DSM20701™
B175
otu-34

otu-233
— B89
'— Bacteroides splanchnicus NCTC10825T

Vro6

Rp84

otu-22
Rp15

revotella ruminicola subsp. brevis ATCC19188T

Prevotella ruminicola subsp. ruminicola ATCC19189T
r B116
otu-15
‘ Cr62
Ls16
B173
Vri5
Vr40
otu-9
B95
B123
Ls8
Rp58
otu-112
Prevotella bryantii DSM113717

6
la oulora ATCC43324T
eroralis ATCC33779"

-3 (rumen isolate)

Isolates

DBype strains (Str.

Uncultured ba
Le




Bacteroides fragilis DSM2151T

B83
B97
Bacteroides uniformis JICM5828T
Bacteroides stercosis ATCC43183T

— BS81
—  Bacteroides vulgatus ATCC84827
otu-29 Prevotella zoogleoformans ATCC33285T

B220
otu-28

B84
—|:\— UB adhufec55
Bacteroides merdae ATCC43184T

— B86

“— Bacteroides distasonis DSM20701™
B175
otu-34

otu-233
B89
teroides splanchnicus NCTC10825T

Vro6
Rp84
otu-22
Rpl5
revotella ruminicola subsp. brevis ATCC19188T
Prevotella ruminicola subsp. ruminicola ATCC19189T

r B116
otu-15

_W Cr62
S
e Isolates

BI73 :
Vris Type strains (Str
Vr40

il Uncultured ba

B123 Le
Ls8
Rp58
otu-112
Prevotella bryantii DSM113717

B4
s10
12
1-16
ella oulora ATCC43324T
1 veroralis ATCC33779T

-3 (rumen isolate)




Prevotella ruminicola subsp. rumi

Cr62

Isolates

DBype strains (Str.

Uncultured ba

otu-112 Le

B4 @ Dryantii DSM11371T
Ls10
B87

B112
otu-16

Prevotella oulora ATCC43324T
Prevotella veroralis ATCC33779T




Conclusion

ed >120 species from 2200 isolates
60% no match to any known species

) espite high diversity, 75% of the 1solates were
covered by eighteen OTUs (<1% of 1solates each)

—> Good agreement between our isolates and OTUs
obtained from pig clone library

‘however some dominant pig clone library OTUs wer
- not between our isolates

some of our isolates could not be related to ¢
OTUs 1n the pig clone library

gastrointestinal bacteria ar
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Abudance in most dominating bacteria genera in various sections of the

gastrointestinal tract of pigs using pyrosequensing (Looft et al., 2014)
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Age related change in bacterial populations in faeces of pigs

35 1 35 -

Prevotella Anaerobacter . Lactc
r 30 - 7

25 | 25 -
20 - 20 -
15 -
10

5 -

0 -

10 13 16 19 2

| Faecalibacterium

9
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7.
b -
.
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3
2
1
0

Streptococcus




ferences between the microbia
ach/small intestine and the caecu

and small intestine Caecum and colon

terial species (20-30) > Many bacterial species (

sity/high activity > High density/low C|<:tivityI

te with the host for > Support the host with ene

e components (use around  (around 16%)

> Produce toxic compo
1 of pathogenic

bacteria
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rom Danish weaner trails

Product type Number of | Trails with FCR
trails significance % mcrease) (% increase)

Antibiotics
Acids/salts

Acid/salts with
significant effect

Probiotics

Aroma compounds

Enzymes

Oligosaccharides

55
16

+ 8,9 -3,5
+5,1 -1,2
+94 -3,8

+2,2 ]
1,1
0,0
-1,2
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Effect of Virginiamycin on the microbial activity in various
regions of the gastrointestinal tract of pigs

3504

ug ATP/ kg metabolic weight

C

(—

[——}
1

Control

So SI1 SIZ SI3 Cae Col Co2 Cod Cod

Gut segment

30

300 -

2301

200 -

130 -

100 -

301

0_

50 ppm Virginiamycin

Sto SIT SI2 SI3 Cae Col Col Cod Cod
(Adapted from Jensen, 1988)




Bl T —m—m——Ihh—
Effect of Virginiamycin (20 ppm) and Spiramycin (20 ppm)on
cadaverin concentration in various regions of the gastrointestinal

tract of piglets

M Control
B Virginiamycin

B Spiramycin




Effect of in-feed antibiotics on abundance of most dominating
bacteria in ileal lumen samples

r
F
F
y

Anaerobacter Tuicibacter Lactobacillus Streptococcus  Sporacetigenium  Clostridium

iViedicated
(ASP250)*

:

Lactobacillus  Streptococcus  Sporacetigenium

)0 ppm sulfamethazine, 50 pr




Effect of in-feed antibiotics on most dominating bacteria in

lleal mucosa samples
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Effect of feed structure on
Salmonella prevalence
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Jorgensen et al., (1999)




Effect of grinding and pelleting on pH, organic acid
concentration and the density of coliform bacteria in
stomach content from slaughter pigs
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Bacteria genera (T-RFs) in the stomach of pigs.
Number of pigs in which the bacteria were found
(out of 6)

entative identifiction

- Unknown
L. delbreuckii subsp delbreueckii
- L. delbreuckii subsp bulgaricus
L. mucosae
M. jalaludinii/multiacidia
BREs reuteri
Unknown
S. alactolyticus/hyointestinalis
' S. ruminantum
. elsdenii
sorbius

OO NOONOOOOOOW
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Effekt af feedstructur and tylosin on infection with
Lawsonia intracellularis

Feed structure Tylosin
Johansen et al., (2003) Pedersen et al., (2003)
60 - 240 pigs per group —60 - 185 pigs per group
P = 0.06 = P = 0.04
=90 50

e
w
S o

—
o

in

Fine/pelleted  Coarse/meal Control Tylosin (20 ppm)

o
|

o

Lawsonia posetiv
N
o




Growth performance (g/day)
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Effect of particle composition (fine vs. coarse barley) on

growth performance and feed conversion.

N

| o ]

(&4 |
J

3-

000 - 3

Feed conversion (Fus per kg growth)

875 1
850 1
825
800 - j j j .
100 50 2 15 0

7% Coarse barley

28

26+

24

2

20+ . . . .
m 5 % 150

Jorgensen et al., 2002




The stomach as a barrier




ays to readuce pH and increc
concentrations in stomach conte

| > Addition of organic acids to the fee

> Use coarse grounded feed

>Use of fermented quuid feed
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Specific growth rate (min-1)

P e -2 L =y WPV s Yo e B2

Effect of various organic acids (100 mM)

..............

on specific growth rate of coliform bacteria

0,00 -
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Effect of various organic acids (100 mM)
on specific growth rate of coliform bacteria
INn content from the small intestine at pH 5.5
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£
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Effect of organic acid on diarrhea in a herd with ETEC
problems

(Weaning at 25 days, 4 weeks in experiment)

a b bc cd d df

Diarrhea score

N= 4, one replicate is one pen with 12 pigs.
Antibiotics: 40ppm lincomycin og 44ppm spectinomycin

Tsiloyiannis et al., 2001




Effect of 0./% formic acid /0./% lactic acid and 2%
benzoic acid on growth performance and feed
utilisation by piglets after weaning (4-10 weeks)

Performmance index:;

Control: 100 (a)

=
>
—
]
[ 5]

LA/FA: 111 (b)

380 - BA: 121 (c)
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o
1

360 -

[E—y
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1
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2
1
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Growth performance (g/day)

Feed utilization (FUs/kg growth)

300
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organic acids and zinc oxide
2a and killing out range of weane

Treatment 8,7 % a 6,9 % b 0,9 %«
against diarrhea
(days)

Killing out range 2,6 % a 1,9 % ab 1,2 % b

tic acid 1% formic acid og 0,5% benzoic acid

C ds zinc oxide
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Definitions

| feed (LF): water and feed are mixed shortl
g.

ented liquid feed (FLF): feed and water are r
0aked during a certain period of time, at a ce
ature before feeding.




acteristics of dry feed, LF and

DF LF
89.3 27.3

- 5.9
actic acid bact. (log CFu/g) <4.3 7.2

terobacteria (log CFU/g) <4.7 6.2

1ergy (MJ/kg DM) 18.7 19.0
' 6.0 5.8

sugars (% DM) 3.6 2.9




Microbial populations in the Gl

Ictic acid bacteria Coliform bacte

Log CFU/g digesta
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Dry feed as a risk factor for Salmonella incidence

.
14
12

10

study 1 study 2 study3 study4 study5

Bager, 1993; Bager & Emborg, 1994; Dahl, 1997, Stege et al., 1997; Dahl (unpubl.)




ffect of FLF on swine dysente

itive culture from faeces Clinical disease after i
B. hyodysenteriae with B. hyodysenteriae |

a 100 -

% of total days
8




Copenhagen 25.

Effect of FLF on infection with
17.5; Lawsonia intracellularis

A
9

Durations of faecal excretion (days)
N
9

S
D

STD (n=19) FLF (n=22) FAC (n=23) LAC (n=16) ZOARSE (n=18
Diet
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Effect of zinc and copper on daily weight gain in
piglets after weaning (at 4 weeks)

Day 0 to 14 after weaning Day 14 to 35 after

750

b bc

700

650 -
d

600
y I
500

450

Daily weight gain (g/day)

400

Bl 100 ppm Zn L] 2500 ppm Zn ]
175 ppm Cu O ppm Cu




Bacterial activity
(ATP content of digesta)

e} 100 ppm Zn 0 ppm Cu
e 100 ppmZn 175 ppm Cu
O 2500 ppm Zn 0 ppm Cu
© 2500 ppmZn 175 ppm Cu

ATP

~~
<
=
w2
O
en
- p—
o
-
|93
=
on
~
en
=
N

Segment

Levels of significance: * P, <0.05 and ** P, <0.001

(Hojberg et al. 2005, AEM 71:2267,
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Lactic acid bacteria (MRS agar)

107 P,, <0.0001 P,, <0.0001 P,, <0.0001 P, <0.01
P, <0.01 P.,=0.38 P, =0.42 P, =0.86
= 9,51 —Z
~
ol 8 L]
&z i
= o0 9
g =
Bt 2 5 — —
p— 1
= 2
P = 8_/_ ——
L =
~Na)
: & =
]
o ot 7]
6,5

Stomach Ileum Caecum

L] 100 ppm Zn
0 ppm Cu

Bl 100 ppm Zn
175 ppm Cu

] 2500 ppm Zn
0 ppm Cu

Colon

] 2500 ppm Zn
175 ppm Cu




Fragmdnt length (bp)

"
u_]L.._.L._.L..I._Lﬂ.___l A

Low ZnO
High CuSO,

b C

High ZnQ
Low CuSOy,

500

£
5
3
:
o
2
s
=]
£
=
¥}
(="

D
High ZnO
High CuS0,

1 ¥
596 bp

406 bp . ;

L. rewuteri L fatasato

L. fermention i cr:‘s,:;a' s

amiorone (Hojberg et al. 2005,
3T3bp 581 bp
E. coli 8. alacrolviicus AEM 71 2267)
Serlmonella spp. 8 hyointestinalis
Yersinia spp. S, suis
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Ined microorganism, which alter the mic
that exert beneficial effects on the host

ee most commonly used organisms as probioti

us, yeast and lactic acid producing bacteria
acillus, bifidobacterium and enterococcus)

stancy In results properly doe to:
ge and type of strains, environment and diet type

ed:
as well of doses that gives consistently good re

IS not completely understood, a few have

en adhesion by steric hindrance or co
aucts with antibacterial activity
immune system




population of Enterococci in faec
Jiet supplemented with 10° Enterococe

Enterococcus in feed

Enterococcus
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Effect of NDO on yeast

Control
FOS

[
®)
|

log CFU / g digesta

Distal Caecum Mid

S colon
Mikkelsen et al., 2002

Stomach
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Boar taint

Skatole
— Produced in the large intestine from
microbial metabolism of tryptophan

— Can be reduced by dietary
intervention (high fermentable fibre,
protein type)

Androstenone

— Produced in the testicles

— From there to blood, saliva, and from
liver to (bile), urine, addipose tissue.

-

Bent Borg Jensen
|

Copenhagen 25. August 2014
I —

Adipose tissye

(Faeces)
Skatole

{urine)
Skatole

Tryptophan—
Trvptophan

o

Adipose tissue

Salivary glands
(Pheromone)

60
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Task 2.6 Experiment with

paraxites/chicory root

> [wo-factorial

experiment(n=72)

> Pigs slaughtered at three

times (after 5, 9 and 12
weeks on the experimental

diets)

- Chicory | + Chicory
root root
(25%)
-worm | Control | hickorye
(n=3x6) | (n=3x6)
+worm | Worm | Chickory
(n=3x6) | + worm
(N=3x6)

Nudelworm
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Indols and p-cresol in colon content

5o
= Control

30 ,
m Chicory root
m \Worm

25

20

15

10

| 1L
0 - ' :

Skatole Indole p-cresole IPA

m CR + worm

62




Jrostenone and skatole In ba

Control Control Chicory root
Worm

Male Female| Male Female| Male Female

’ B 72 Y

57,0 0,0 0,0

/,3 1,8
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Low protein diets

level known to affect enteric health of

1l protein better than plant protein

. . 1B A
knowladge on microbial composition and activ

diets supplemented with synthetic A4
g diarrhoea without compromising




ose qut health but reduce growth performance may
robiotics cost effective. '

tructure: Increase gut health but reduce growth performc

tics: Inconsistent results. More research needed. May not b
e.

crease growth performance and reduce PWD, but give:
ental problems

oses and types have beneficial effects on growt I

istent results. More strains should be te




