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Feed- and feed additives-related aspects of gut
health and development in weanling pigs
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ﬁﬁ Today’s presentation
%%iﬁ@/&: ﬁﬁ%*ﬂ%ﬁﬁ Gastrointestinal tract health:

introduction and general comments

production after weaning
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mechanisms that impact on health and development of the gastrointestinal tract
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The role of “fibre”

Non-dietary
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What is a “healthy” gastrointestinal tract?
EETXIE::E"']}ﬁ'fty]ﬁE Optimal digestive function

: :EETX'EF: B ﬂ&ll&lj]ﬁ'é Optimal absorptive function

;'ﬂ_ ;;& E"] u? F;:ﬁlj] ﬁE Effective barrier function

“%%'I'—E E"]" '1%1/:: fl:% X %\ “Stable” microbiota

%7;{&\ ‘f&JﬂZZ'KE’{I ﬁ%’%%éﬁ Effective and low costimmune system



(Williams et al., 1997; Journal of Animal Science 75: 2463-2471)

G ARG REUEIKEXT6-27 kg LW
4 P4 BE R =2

Level of immune system activation affects performance 6-27 kg LW

Item Immune system Dietary lysine, % of the diet
=] activation B35 S (% )
RERGBE

0.60 0.90 1.20 1.50
Daily gain, Low K& 400 556 644 663
grams —
e = 357 495 510 504>
Daily feed & 896 1025 1052 1002
intake, grams —
amas s High @ 889 954 889 911
Gain:feed, 11:8 445 544 613 662
RI%EE, ™

High & 395 522 581 56

g /kg
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What contributes to a highly functional gut?
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Maintaining a balanced microbiota in the
gastrointestinal tract

s EEBENEEEHEHANREHLZINKEREER

EI’] 1"5 o The microbiota has essential functions in the development of
digestive and immune tissue in the host animal

ERNBERRHRERE, ML ERRER

1xizo The intestine is the biggest immune organ in the body, but to

achieve appropriate protection from pathogens a complex gut microbiota is
essential

WE—EFTTTEDR, BEESIIFBREEMTF
%EE*&ﬁﬁﬁzkE#LTﬁyi*j‘;ﬁo Pathogenic

bacteria are always present in the gut, and it is the ‘balance’ between pathogenic
and non-pathogenic bacteria that determines whether or not disease occurs

3




E#X I ERE RSN

Imprinting of the gut immune system by the commensal
bacteria microbiota

%iﬁ%i%)% EReskiE3Aln
9$5EIJJ BE

*Experiments with germ-free reveal
many different systems are shaped by the

microbiota

RERGHBEFTERENHH

*Stimulation of immune system requires
high doses of bacteria

Iﬁitt%i%ﬁbl /ﬁﬁf— ;r;té}‘f

*].ive bacteria are better stimulus for
immune system than dead

(Reproduced with kind permission from Professor D. Kelly)

Germ-free Mice with normal gut
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Microbiota composition is essential for immune homeostasis and
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(Reproduced with kind permission from Professor D. Kelly)
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Early-life environment alters microbial mucosa-associated diversity
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Lactobacillales
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Protebacteria
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Bacteroidetes
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Peplosfrepiococcacese
Closfridisceas
Veillonalaceas
Lachnozspiraceas

Ruminococcaceas

Leuconosfocaceas
Strepltococcaceas
Lacfobacilaceas

Bacillales
Erysipelotrichi
GZammaprotecbhactera

Betaproteobacterna

Epsilonprotecbactena
Alphaproteobacieria

Prevofellaceas
Bacferoidaceas
Porphyromaonadacess

Actinobacieria

(Mulder et al., 2009; BMC Biology 7:79)
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What is a feed additive?

o TR SCAAE ST | A MRS R, TR
L BRI TR, X Lo A B R A B sk o, B

E}ﬁ DJ\ I\ : ' '.az g:' 'IjJ ﬁ'é’, Substances, micro-organisms or preparations, other than

feed material and premixtures, which are intentionally added to feed or water in order to perform, in particular,
one or more of the following functions

- ﬁﬁj]ﬂ: E&%iﬂﬂq‘ Elg q%:"r_&n_ ; Favorably affect the characteristics of feed,
- ﬁﬂj}ﬂ:‘aﬁ%iﬂ fl:@ﬁ |;I|:|£| El'(:] #%:“ré, Favorably affect the characteristics of animal products,

- ﬁﬁﬁ?ﬁﬁ{%%ﬂ%ﬁ@%’é%ﬂ %7\’7% E@Eﬁ@, Favorably affect the colour of ornamental fish and
birds,

- iﬂ%/@ﬁ]#@ E](J %3‘%%%, Satisfy the nutritional needs of animals,

- ﬁﬁﬁ?ﬁﬁ(%iﬂ%iﬁﬁﬁﬁﬁ E]'(JZ< a,%z Dﬁ s Favorably affect the environmental

consequences of animal production,

- BT EEESA TS, HEREAREA], SN B i R AN R T AR
Favorably affect animal production, performance or welfare, particularly by affecting the gastro-intestinal flora
or digestibility of feedingstuffs, or

- ﬁ*ﬁf* Eﬁ”ﬁéﬁéﬂ%ﬁ % E*[l] Brl'-TIJ )_%TIJ E"] ﬂzﬁﬁ Have a coccidiostatic or histomonostatic effect

(Official Journal of the European Union; 2003)
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What is a feed additive?
|E|HTJ‘, /ﬁﬁ,lﬂfiiﬂﬁﬂﬂﬁﬂzfﬁ The feed additive shall not:

ﬁXﬂ‘f\jﬂ%{@E% ’ A%‘é@ﬁ%@l%ﬁﬁ‘]ﬁﬂ% nﬁ s Have an adverse effect

on animal health, human health or the environment,

ﬁﬁi%%ﬁﬁﬁﬁ%ﬁgﬁfﬁ, Be presented in a manner which may mislead the

user,
PR B E IR, PFE S ol AR I B R 3V 28 X 34
FFIEIEICI%:"I‘EEH@MT‘/R (%%Eﬁjﬁ‘%g, 2003£|5> o Harm the consumer by

impairing the distinctive features of animal products or mislead the consumer with regard to the
distinctive features of animal products

FR I Bk BRI A0 20 2138 2 R AN K57 S AT R R AN

JL,
» . ] &
N AE Lﬂ*’l‘ ;?fﬁ?][l ﬁu Antibiotics, other than coccidiostats or histomonostats,
shall not be authorized as feed additives

(Official Journal of the European Union; 2003)
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3y % %Niﬁ%'ﬁl*ﬂ- rh ?ﬁfii El’*]?é?i Testing products since 1936.

Consumer Reports is an expert, independent, nonprofit organization

Consumer attitudes to antibiotics in animal feedstuffs  hose mission is to viork for a fair, just, and safe marketplace for all

consumers and to empower consumers to protect themselves.

o HRBAME HBEBEZI23MMABNREEG BT3RS E, ZEBLERBRNAERTMRASRIR
ﬁﬁnnﬁ HE, ﬁ"*ﬁmgd‘ “Consumer Reports” sent shoppers to 136 stores of the 13 largest supermarket chains in 23
states to see what meat and poultry products raised without antibiotics are being sold and for how much

. 2012438, i iEX £ E1000 UERHFITT —ReEMRHE, TERELEREIE They also conducted

a nationwide survey of 1,000 U.S. residents in March 2012. Key findings include:

86% I1VH 2 A\ b 117 RZ AL N A RS P AE Z AT A AL 86% of consumers think meat raised without antibiotics
should be available in their local supermarket

24%VH B U 5 24 Mt T AN N VA R i B AR T AL 24% of consumers said meat raised without antibiotics was not

available at their local supermarket;

61%H Pt R MR B S 2 3SR BE Z R L LTAERNMEE R, 37% HAEEZRREBEZ A1 csE 2,
61% of consumers would pay an additional 5 cents or more per pound for antibiotic free meat and poultry; 37% indicated they
would pay $1.00 a pound or more

72% 1 B AR PUE R ) KA 5 ER R R, XA 5 R KPR S PR R TGIRIR AN 72%
of consumers are very concerned about the widespread use of antibiotics creating new superbugs that cause illnesses that
antibiotics cannot cure

HREEE “HHL Bbr, ljjﬁﬂv)wﬁﬁﬂﬁﬁﬂtf ELE R MCE st AE R . WERAR, W “CRRT PR
R, “RPAERERE” M CRPiAEREHRR &, #HAYEEIE.  While consumers can trust “organic” labels, since
organic certification precludes antibiotic use in livestock, other labels such as “natural,” “antibiotic-free,” “no antibiotic
residues,” and “no antibiotic growth promotants” can not be trusted

EE 13N KAEBHE T H, Whole Foods/g M —— N RS2 A MEHTA R MAE M. Of the 13 largest U.S.
supermarket chains, Whole Foods is the only chain to sell only meat and poultry raised without antibiotics


http://blog.wholefoodsmarket.com/2012/06/our-meat-no-antibiotics-ever-2/�
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for all creatures great & small

media release
2013 1S SET TO BE A HAPPIER NEW YEAR FOR PIGS

Coles today announced it will speed up its plans to implement a sow stall-free policy on its Australian fresh
pork and small goods, as well as imported pork products which is not only a win for pig welfare but for
consumer choice.

The supermarket giant had originally benchmarked 2014 as the date from which all Coles branded pork,
including ham and bacon produced in Australia and overseas, be sourced from pigs not confined in sow
stalls. But today it announced it will reach that goal twelve months early, by the start of 2013.

Many Australians have said that they would prefer to buy higher welfare pork and, in order tc make a
meaningful impact to pig welfare; we need more humanely farmed products available on the supermarket

shelf.

“Removing sow stalls is a fantastic step in the right direction and it would be good to see farrowing crates
phased out next. That is why the RSPCA supports the Pork CRC's ongeing research into alternative,
confinement-free farrowing systems that cater for the welfare needs of both the sow and her piglets.
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BSRE.... A shopping list....

CuSO, and ZnO
fﬁi Probiotics
BHNLE (In) organic acids
5 H 2= Prebiotics

= >
-H- T@ & )%es

nno, fructo & galacto- o gosa

%*ﬁ, ,$2E}}§\ Inulin, fiber sources
7%% (15, AMHEIEH) Some

ectln J#omato snowbell)
(g8, EEH) chitins (fish,
msect)
-H+-

BTHCEH ZHE, 187%E %) Sea
weed (Laminarin, fucoidan)

a5 M (252 & 1AEREL Essential oils
l%t\erbs & spices)

g (1—>3) (1—>6)-FEEHE (B

R- (1—)5 (1—6)-glucans (yeast, bacterial)
—J—Hf' ﬂﬁgﬁ Some amino acids

—J‘EBHEK Some amines

EF'%?_'H'/EE HE Medium-chain

triglycerides

Enzymes
AR H (W]FL) MMRER

Milk proteins (colostrum) and blood
plasma

®-3 HE’HE@%—% o - 3 fatty acids
L-Eﬁf"tlﬁﬁ}ﬁi L-carnitine
%Ef*f_:_% E| Immunoglobulins
Tﬁﬂj& Anti-microbial peptides
Tﬁifﬁ—% Anti-microbial viruses

% /T

Vaccines/bacteriophages
)?(T[D %IJ ?ﬂ] Urease inhibitors
REERKAT BRKYY,

EGF, peptideYY, ....
*ZH@Z'@, *ZH Nucleotides, nucleosides
“1@5%5/\] 7 H*E ‘Healthy’ diets




EAAP 2007 Dublin Ireland

Feed for Pig Health Industry Workshop

Tne results from 1his S.ID?;EEH uJnion FPE fundied (€4 millon) project researching Into ine Development of natural

alematives o ant-m
reviEn Papers.

Probiofica: Do fhey have a roda In the plg Industry?
Martin Kenny, Eleng Menghan and Hauke Srmgt

- What ara pfhulmlaa?

- Hiow' iy they act - what makas a good probictc?

- Faman I;Jd‘em P

- Riecent resaarch in humans and pigs

- Poteniial pracical sppilcaticn

Impact of bioactive substances on the
gaafrointeetinal fract and parformance of
weaned plglats

JP Lates P Bosl P Janczyl, 5.l mans, O

- Wany compound have pobemiial i Imuenc= pigist
pertamance arcund the tms of weaning

- Onganic acids may be benefctal. Bubyrae has
promising efecis

- Do supplemental aming ackds or spray-dned plasma
ave DFIEIF'E‘I'I{:IH roles? ¥

- \What are ine conslderalons when UENg essential
oils a5 addiAves?

- Antagonistic imeraciians between Dioactive
subsiances and distary components have 1o be
considered.

Trroughout Eurcpe It ks nomeal commercial practos fhat
pigs are weaned at an age much less han et which
ooours In Whe wid  This couses  gasToinizsinal
dishorbances and an Increased suscepdblity fo Infeciion
resufing In large =conomic losses B dhe plip Incusirg
Whist It Is clear that many interacting factors may play a
mie In e noressed suscepibiily to infecton cument
methods of control rely on the very wide use of andblolics
The aim of this multidiscplinery project was o examine
the pobendal of using plant =xiracis and oiher maboral
subrsfances, nof consider=d hamful for human or animal
healih, as ak=matives b antimicroblals in recscing ksses
from post-weaning infection, and Improwing procuctvity.

5 for ihe conirol of pig healtn and promotion of perfirmancs will be prasanted as four

Alternatives fo in-fead anfibiotics: uee of preblaotica
in ihe nukrithon of weaning piglets

Felikasn WF Biwer P, Jen WAL 30T Smit H.

- I it and In v techniques bo quaniy presiaic
effects In waaned pigists.

- Feed Ingredients as subsirate for microbicla

- Infiuence of prefiofic eSacts an microbial activity and

ut ecoingy
- E’csslme tonsequences Tor animal perfomance and
heglth

Gut IrrmmmgT-urmt keepa the outeide world
out of the ongankam?

Isabeiie P Duwa.g, Heymann J. Romicetien, MCk Baliey
and er R Siokes

Chrtsop
- Components and pumpose of the pig's Immune sysiem

- Devalopment of Tz Immune 171 - CaN We
Infuence this?

- How does the gut epimelium communicale wiln the
mmure sysiem?

- Co-culture of imtesiinal epithedlal cell ines and Immune
a5 allows us bo study the development of the Immune
respanses o food and bactena (pathogens
and commensals).

It |z widely recognizad that many Inf=racting faciors piay 3
miz In fhis “dis=ase process”, we iherefore propesed 1o use
dour distinct aporoaches to address these. Specifically o
def=mine the effect of a range of plant eximacis, pre-blotics,
Lactobachius fermented feed amd feed intake on their ablity
o reduce the requirement for the usz of antbicbcs In e
nost-meaned pig. Flant exiracts were evaiuated fhrough an
nitial In whrne screening oo=ss and 2 small represenabve
groupbselecied on e basis of telr diverse range of
acthibes. These plant =xracs fopether with the other
experimenial approaches wers characherised for ther effect
unon specific esianished Indicators of gut healh. Thess
nchoded gut physiciogy, oot Immunoiogy, and gut ecology.

Hiowe b regl=tar

Fpeud s B EBi=g 150 [ whos EASI Zonbisnc 1Ren admbmos b T wiki hos B i rcloded IF psu Ll wh® W sgiaal ki T Pasd b vy
Egulh widki bos 150 e b €70 Go B U EASP 2007 waitd e [V Cwiwet g p200 7 e Sakcl the Begatas e wSd ik W fegEial oniine. Fil

i e o datalbs and Srcoesd W e Reghtralen Detels rage Saee? "Tamile &

O™ oo 90000 Man

sicceed k “Halelte Viciksiape 4 Symposta Megalalon”. On SE pege aekcl Feed Foi Mg Hmilh hos EAP Nedlng mghtered delegale”™
G DG CSrme i T h1Ee (el of T sl gialealon Sagas B Neal e e youl sagtalsn acd ju el

@ EAAP 2007
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RS R RN ELE
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The Development of Natural
Alternatives to Antimicrobials for
The Control of Pig Health and
Promotion of Performance

(Project no: FOOD-CT-2004-
506144)

Dates: 1/7/2004 - 31/12/2007
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Efficacy and potential for developing alternative additives and
strategies to replace the role of antibiotic feed additives

% > kb6
O ey 1Pk X ) Alternative feed additives Ef rca?:::v* Pntential%ﬁéﬁﬂ%ement*
nE®x Antibiotics +++++ 0
gaibir Zinc Oxide St 0
T R Copper sulphate +++ 0
;ﬁ*ﬂ.ﬁg Organic acids e 0
@ Enzymes 44+ 4+
K EERITFNFEFD Pre-fermentation and inoculation ? +
3355% Probiotics + +
75\@%@%(&&%) Fermentable substrates (Prebiotics) ++ +++
:';‘L*E . Lactose ++ 0
/EE@]*EZ';H*%E ., . Zeclites and clay minerals i 0
;‘é’.\iﬁnn(_kz M qzi;m)wutraceuticals (e.g. gingseng, oregano) 7 =
7] '%’j(_l‘:" Sova isolates + +
ﬁ,rﬁ_ﬂiﬁE Immunoglobulins +4 ?
ﬁﬂiﬂf&% Epidermal th fact ? ?
Colotrallyiﬁi{é% piderma grn:llw actors : 7
’ﬁl%%‘fi¢i7k Colostrally drived growth factors i ?
i Husbandry/management techniques Efficacy Potential for development
T4 All-in-all production ++++ 4+
HEIR By Hygiene ++++ +4++
F‘gyﬁj% Later weaning 7 +
*)J?LE’]EE%*D%@% Outdoor production + 0
& Colostrum guality and intake ++ ++
RKB T ERER. immunisation +4++ ++
Fﬁ;ﬁ%*ﬂ/ﬁj%% Drinking water quality and provision ++ +4++
E"]%{Eﬂ(qz Education - owner and stockperson ++4++ +++4++

= - Efficacy and development based on a subjective score 0 (zero) to ++++ (very high), or ? {unknown)
I FBREAOCEAMR) ++++(ARRYF) HIERISHFER, EZ 7 (RA0)

(http://www.bsas.org.uk/about_the_bsas/issue_papers/alternatives_to_antibiotic_feed_additives_for_pigs/)
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Gastrointestinal tract health - the
weanling pig
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There are two phases of change in the small

intestine after weaning

 Protein mass EH=E
DNAmass DNA

® Villus height
O Crypt depth
A Cell proliferation

150

LU ETNER e

 Percent of pre-weaning

1100

-200

_'.
o
o

-
o
S

Bulueam-a.d Jo JusdIed

50 afE ER gy @ = 0
Acute phase |Adaptive phase—» Acute phase |Adaptive phase—yp
T T T T T ! T T T T T T : T T T T r ; e 1 T T
1 b5 10 15 1 5 . 15
~ Days post-weaning _ | ~ Days post-weaning
LRIIEP S AT S R

(from Burrin and Stoll, 2003; In Weaning the Pig: Concepts and Consequences, pp. 301-335)
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Feed intake after weaning and gut barrier function

. WIS T LA B
Wi EFFEDIRE  Period of
temporary starvation after weaning
compromises gut barrier function

¢ 1&%@% Low feed intake,

o« 3NNz I Bz bR 2 AR Vi 4
H@%&% Increases numbers of

lymphocytes and infiltrated cells in
epithelium

o GIEFEMRAERMN  Causesa
transient inflammatory response

o [FRM EEAHZH ) GBFEME
o) Decreases epithelial tissue
resistance (more “leaky” intestines)
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T-lymphocyte numbers
increase in the villi of starved piglets

H A& FR7R
Pigs fed for
A E No. of cells h 2 d after birth
14
b @ 22l Jejunum
10 - 3 O @7 lleum
8 - d
c . a a
d
4 -
2 1 %
O -
EEA A ARA ARk ESTAH
Baseline Oral fed Fed by intra-
(Ganessunker et al.,1999; Journal of Parenteral and Enteral venous catheter

Nutrition 23:337—344)



BT 5 i b B B B (Z ik) #0241 Ba 6]
(HEl2) =18

Transcellular (GlySar) and paracellular (Mannitol) transport

5 SR (x 106 cm 579) increase after weaning
Transport (x10® cm s%)
s Wiy 5 <3 Days after weaning
18 - B o3X odays
m,X 1iday
16 1 W>X 2days

W, X 4days

14 -
12 -
10 -

8.

6

—Jik GlySar HEEHE Mannitol

(Spreeuwenberg et al., 2001; Journal of Nutrition 131:1520-1527)
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Food intake and average villous height in milk-fed pigs

700 -

600 -

500 - r=0.82
(um)

P <o0.001
400 - 0.00

300 1~

200

0 200 400 600

THHRERE(Q/X)
Dry matter intake (g day™)

(Pluske et al., 1997, Livestock Production Science 51:215-236)
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Villous height determines empty body weight gain after weaning

HI8&E (g/X) HIgE (g/X)
Empty body gain (g/day) Empty body gain (g/day)

600 - 500 |

400 1 300 |

200 - 100 |

0 -100 |

-200 * -300 r
300 400 oo 600 700 200 300 400 500
Average villous height (um) Average villous height (um)
FEHYEE S E (um) % E S E (um)
Fed milk after weaning Fed starter diet after weaning

T4 J= P PR 7 BT iTh 5 1 R S A

(Pluske et al., 1997, Livestock Production Science 51:215-236)



BHEEMNEEN SCHAMEN R

The importance of early food intake: practical perspective

1000 600
1.097x + 343.72 y =0.6954x + 228.93
= +
" ey R?=0.3621 .
R“=0.4203 . .
500 ., .
. o ¢ ¢
¢ ¢ o" 0‘ O‘ .t . R .
MR ’og"o o ' .
5 TA00 e NN . =
) 3 - i
g < 'S » 'o‘
1 (Y) K
o 1
2 2 300 -
rG m ‘0‘0
© T e X R0 (XY ‘0 .
i o . % » * ¢ .
D D ¢ ‘0““ “.,0 ¢ * *
< 2200 40T X
. R .
*
100
.
100 .
.
0 T T T T T T T 0 T T T T T T :

0 50 100 150 200 .250 300 350 400 0 50 100 150 200 250 300 350 400
ADFI day 0-8, g/d ADFI day 0-8, g/d

EThE1IE R B ERES - 23kg HFRE KL L0NHIRBE=FIEE

Food intake during wk 1 after weaning determines approximately 40% of food intake
and gain between 8 - 23kg

(Bruininx et al., 2004; Journal of Animal Science 79:301—308)




INGS Summary

o BihfE ERRIEZ/N7BeE R R ZE e
Inflammation of epithelium after weaning influences permeability and immune
function of the small intestine

o XML SHERARERR, EE2EAMTEE
ﬁéﬁEJﬁE‘ZE"] This mechanism, associated with changes in gut morphology, is
linked to low feed intake after weaning

¢ H‘ﬁp)hﬁ Bﬁi&ﬂ%iﬁ%ﬁ}im, Reduce the inflammatory responses in the

intestines after weaning,

¢ %@%%K’“ﬁ Maximise feed intake

C R BIR(, BERD (E L  R T RRR T 1
Hi%ﬂﬂﬂj(éﬂﬂﬂ@ﬂ%*ﬁ) Reduce stress (e.g., to reduce corticotropin releasing factor

production and mast cell degranulation)

o HWFFUHERFAR S E AN T B DI RE AR S PE AR BE  investigate specific

feeding ingredients that could act to reduce inflammatory/immune responses




I 3% RERHE BT AR = E A = HRa s E

LA B 2 P& JiE I L
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Feeding plasma reduces lamina propria cell density in the jejunum
and ameliorates the inflammatory response after weaning

12000 ;
10000 -
BEA
Egﬂ& 8000 A
r
P€ 6000 -
mm?
4000 -
2000 -

[] %}B&ZH Control
B MY Plasma

B 1R ES XS 4H
(REXT T4 B4

Plasma-Pair fed
(to Control)

)

(Jiang et al., 2000; Journal of Nutrition 130:21-26)

2 4 8 16
TRXH Days of feeding



BAEFEMG ML EERREKEFIHS
BI(LHS) EL B 7R 2 I (RHS)BY/MG B A

Small intestinal biopsies of a child with necrotizing enterocolitis
before (LHS) and 7 days after (RHS) infusion of EGF

(Playford et al., 2000; Am J Clin Nutr., 72: 5—14)



mEREBRYVEPrER

Antibiotic uses for the livestock industries

A

T Therapeutic

:fﬁﬁ'ﬂﬁﬁ@ Sick animals
:ﬁlyi Prophylaxis

— Tﬁ B)j ,._,\ Prevent infection

A\~

| O
II\I‘

ﬁi‘& Growth promotion

— :[: 3 Weight gain

— bj*’l‘ig/f/t’ > Feed efficiency
— IEEF/TEEﬁJ_Lyi/_:’ S Reduces disease incidence




mERREKM E;'Iéﬁ‘éb 250 T BHFRS
)

Growth promoting antibiotics and performance (> 250 studies)

120 - = (EESEES : S

Weight gain Feed efficiency
115 - :

I % B84H Control
[0 snEF A Antibiotic

110 -

% SXTHRA
BOMEXTHLAE 105 -
% response
relative to 100 4=
Control

95 1

90 +=— :
R EKE £K @ 4£KE %K
BB

g
Starter Grower Grow-Finish Starter Grower %r,?)w- inish

(after Hays, 1991, In Growth Regulation in Farm Animals, pp. 299-320)
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But - Pork Production has Changed Dramatically

ZRE”, FRDBLURTDAEMNEREFEERETEBEHAEERR

H"] Ej’jﬁ Multi site production, age segregation, and hygiene procedures have dramatically
reduced the burden of chronic bacterial disease

Bix: EE P FENRERSIEBME RN
EZRAEHRRPERE,

Hypothesis: Production response to in-feed antimicrobials should be reduced in multi-
site pig production systems




HREEFRT, REENEKTEERRS
AIMMERIAR
Effectiveness of in-feed antibiotics in nursery and grow-finish

pigs reared in modern production systems*
ANRFERXT, REREREENE KFIERE BIRPFMR R

Table 2: Effectiveness of in-feed antibiotics in nursary
and grow-finish pigs reared in modern production

systems®
S5 Xof B 2H mAERMA
Paramater Control Antibiotict
Nursery phase {RE Y EX
ADG (Ib) i0.96+ 1.01%
F:i 1.44 1.42
Grow-finish phase 4 K & R EX
ADG (lb) 1.72 1.72
F:ia 2.90 2.90
* Adapted from Dritz et al, 2002. Data from five and four * irﬁﬁ;’% g Dritz et al’ 2002. éﬁﬁ%;& E
experiments, involving 3648 and 2660 pigs, for the nursery FEMEEKREMEEZBR5 ) Ff41
 ADGwasrente 0% difoencomrurserypigsteated | s 7536487126605
with antibiotics than in controls (ANOWA; P < 05) T 5Xqﬂ§zﬂ$ﬁ Et, Tﬁi%éﬂﬁzﬁ%ﬁ’ﬂ
ADG = average daily gain; F:G = feed-to-gain ratio. ADG F Z12115%

ADG=IJHIEE; F: G=RlALL

(Dritz et al., 2002; JAVMA 220:1690-1695)



RESERERREMNNERERD

Alternatives/replacements for optimum
gastrointestinal health

A RBELEFIEREVIFIAIEARGBR, Limited understanding of

mechanisms of action of growth promoting properties of antibiotics,

— EMAEZEFRATRERESTER T 2HERTERYLSE]  unlikely that non-antibiotic

products will have exactly the same mechanisms

REREL (1, 3R, ) BRA TR RS RTRNER
%H%%XEE,‘] ?%ﬁ jét}\jﬁ (%%’%/%f@) Different conditions

(animal, feed, environment) will most likely cause different outcomes and require different interventions
(nutritional / management)

’TE _%7 E] _;éa_—ﬂ}:z IIIIZIIZI ) %’E Ell‘] /ﬁj% ZE'T%/% Many ‘types’ of the same product;

conflicting/lack of information

MERB ZNANRE mAE, FENERENS I, £
ﬁu, _EE'I\E\ Eﬁ\(—\ﬁll\ilxx&%%ﬁ,\]}ﬁj&o Identifying the optimum combinations of

products that have wide application requires considerable effort, e.g., replication and validation, and is expensive

Lml




7B B RIS AR T A R 2R

MAEFRIT-FROET X/

Proposed effects of antibiotics, mediat

INBTRER)

Microbes in small i

ed via effects on small intestinal microbiota

E A H £ K

ntistine depress growth

A RBEP A E R XS A KAV H]

Antibiotics reverse microbially-induced growth depression

E$E DIRECT
|

BLEBINERRES
Reduced competition
with host for nutrients

B E IR E M AR
IMPROVED GROWTH AND
FEED EFFICIENCY

|
[f]8E INDIRECT

BRI A KINH R IEIHIHI =&, Decreased

production of growth-depressing metabolites,
° %%Eﬁ;‘é Aromatic phenols

'% Ammonia

B 31 [ % 1= 4] Bile degradation products

|

Uﬁi_/yﬂﬁﬁﬁﬂﬁﬁl\] J§_| i‘? Reduced turnover of gut mucosa
e KA FEEE H Mature mucin

(Anderson et al., 2000; Pig News and Information 20:115N-1122N)

¢ \;\I%'TJC@ Digestive enzymes
- ERESFE (EFi LK)

Gut morphology (thinner epithelium)




REMEERREONERERD

Alternatives/replacements for optimum
gastrointestinal health

e RZE—ZREFMHM, FEH/HRZIEE  Many types of the same

product; conflicting/lack of information

. ﬁ%AE)—/Zr_JEﬁEI/]E_1§t:ﬁLnnE , BENDRANE 1, i,
EII_:E\ ﬁx&libi&%%ﬂ’])ﬁji Identifying the optimum

combinations of products that have wide application requires considerable effort, e.g.,
replication and validation, and is expensive

« RNERFH , B gE=sIEAE
R MNMEERNERNFmiEh (Ex/E1E) Different conditions

will most likely cause different outcomes and require
different interventions (nutritional / management)

Ilm




X B8 2H 38 B A =t Bl ) e R A N
RIAERRNMNIEE 20N

The impact of the performance of control animals on the
magnitude of the response to tylosin in pigs

70 T
<40 '\
2c§ 0T
10 O
HE S o N
%% 5 N
&2 20
%
0

100 200 300 400 500 600 700 800
Rate of gain of control pigs
(g/pig/d) A AL M, g/Sk/R

(Melliere et al., 1973; Journal of Animal Science 37:286-293)
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Some alternative strategies/approaches
for optimum gastrointestinal health
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Escherichia coli and post-weaning colibacillosis (diarrhoea)




O Himn;FE K rIae 55 b fEESR
hERRKBHEEX

The O serogroups most frequently implicated as
enterotoxigenic E. coli that cause post-weaning diarrhea

OM;E%  MHXEEIR HA KR TEH
O serogroup Assnciated Assnciated H Cmmenis
fimdbrial antigens anfigens
B Faah{kBRah|, F4ac{kKBRac) H149 Less comemon than in earlier years
138 F18, Fdac® H—, H4 Rommetimes Sl es
139 Fig Hi Mest commanly asociated with ED
141 F18, Fdah, Fdac H4 Lometimes Shdes
147 Fdac, F18 HE, H149 Rommetimes Sl es
1449 Fdac, F18* Hi0, H19, H43, H- Orocasionally Sixles
157 Fdac H149, H43 Oocasionally Six2es

Sources: Nagy ef al, 1990; Harel et &, 1991, Salajka et al., 1992; Francis, 2002; Frydendah|, 2002; Prager et al, 2004.

WM FRE KT E MRS R RS BIMR SR

Overview of steps in development of E. coli post-weaning diarrhea in pigs
eTec PP EERATE

Stomach E
RE 7
Vinses? o /|\Flntcstine < Diet 0 B 3B

Adherence by Fimbrise (4 F18) | B8 B 4G ME(F4, F18)

| Endotoxin? [N 353R
N = ﬂ’ ~
N5 %= B9 7~ SProduction of Enterotoxin {s)
(LT, 5Ta, STh, EASTIT] " ¢

Diarrhea, Death * ( Septicemia | JU MYE
f&;E, SET=

(Fairbrother et al., 2005; Animal Health Research Reviews 6:17-39)
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Feeding low protein diets to reduce scours after weaning

- B P RBRREAAR (BkoMARIERZES

] 80 g) /K\ B£1E£H§/ 'ﬁ s Intheory: feeding low protein diets (< 180 g of

protein per kg of weaner diet) should reduce diarrhea

o AWM - XTEBKETRERS] “FE =
*E foﬂlf/d\\j][ll% E/]/\}ﬁ _l,/gﬁio However — difficult to make a

‘balanced’ diet at this amount of protein, unless you add expensive synthetic amino acids,

LI|l.l

— 5 \lll'f,tf-l: FZE]’\] é’ﬁ)ﬁ%@é%ﬂ%%%@é Commercial manufacture of
valine and isoleucine
* ZETHIAR: S HIRESRINIR, ]E R
3}31’)\ P_I{ﬁﬁ)?l Jﬁﬂg I%I 15 —@/\ Igﬁ'fEE/ = /___'l',t o Previous studies - low

protein diets reduce scours but also reduce growth after weaning, when they are not formulated
correctly

,U-'ﬂ]




EEBBRREHESRNE

Low protein diets reduce production of ammonia in gut

W HF14 @LP7 OLP14

600 -
2
D 300 +
e .
z 2
o E RN * &
[ r
g z *dde ok o
£ 3 00 -
T
S
e
3 |oo -

100 1

U =47 Non-infected " d7 Infected " d14 Non-infected d14 Infected
FmEL T MLy & e 147 A

Treatments
at ¥

(Heo et al., 2009)



EEQAREERSR, EH@NEETYREE,
AEEMHDEE—H

Infection decreases, and a low protein diet increases, dry matter
content of faeces, especially in first week after weaning

| EHP14 @LPY I:ILP14|

40 - . P = 0.006
* %%
o\o 30 | * . * %%
X - T T
- 3 I
= 20 -
T -
H s
T
%ﬁ( L 10 -
O I T T 1
d 7 Non-infected d 7 Infected d 14 Non-infected d 14 Infected
Treatments

(Heo et al., 2009; J. Anim. Sci., 87: 2833—2843) Qt H



EEAQ B RBEREMRBLENMPEETE

Low protein diets reduce post-weaning diarrhoea in infected
and non-infected pigs

(& Infection: P < 0.001)

B HP1,40 P78 P14
1607
1407
1207
X
a’ﬁ%é 100
W sl 807
b S
Iy £ 607
s i
a| 49
20 * ﬁ
d 4-7Non-  d4-7Infected | d8-9gNon- d8-ginfected |d 10 12 N_on- d 10-12 Infected
infected infected ) 'n,-§ 10 1ok BF10-12K

~ =5 5 B 89K
REEL 7R g,k NER89X ?
Ab I Treatments
(Heo et al., 2009; J. Anim. Sci., 87: 2833—2843)
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Feeding low protein diets does not decrease production

500) T

400 T

grams

2001 T

100 T

B ADG OADFI AG:F

(& Infection: P < 0.001)

300) T

HP14 ‘ LP7 ‘ LP14 HP14 ‘ LP7 ‘ LP14
Non-infected Treatients Infected
IS R

(Heo et al., 2009; J. Anim. Sci., 87: 2833—2843)

T 0.8

T 0.6

T 0.4

T 0.2
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Feeding a low protein diet for only 5 days post-weaning
reduces diarrhea

- W WHP e lP5 o P7 -k — P10 == = LP14

a0
40
-
© X
%—E 30 - P
ur & ‘ ¥
™ © ’ 2
= £ 90- i T .
R
0
10 -
0 —ay
1-3 4-7 8-9 10-12 13-14
Days after weaning
Wi < E

(Heo et al., 2008; Archives of Animal Nutrition 62:343-358)



KRR B AR

Negative effects of fermentable protein

270 P=0.02 0.8 NS
= 2501 <l
o @ 0.7-
= 230 S
2 =
< 2191 E 0.6
5 1901 E o5l
a s U
= 170- &
150- 0.4
Control + Fermentable Control + Fermentable
: protein protein
MRA L ewme ki SRR
EL At + REEERA P
Control +Fermentable protein p-value
J % H1E 3R Fecal N digestibility, % 78.5 80.5 NS
R B 7 7H1E 2. lleal N digestibility, % 67.4 56.5 0.08
IM R &, Blood urea N, mg/d| 6.5 9.5 <0.01
%*ﬂk%?@ﬁi 3.09 3.49 0.08

Colon Clostridia, log cfu/ml

(Jeaurond et al., 2008; Canadian Journal of Animal Science 88:271—281)



AAEIREN S MAEL ER
AMEXETERENXR

Relationship between soluble non-starch polysaccharides and
viable small intestinal count of hemolytic ETEC

S
o™
L~
= 42-
-
@
B o
5 = 104 ' —
3 = Guar gum }I(;T\"_‘:',_*EI
& =
= o 81
= 2 SN 3
ER- R R R
5 i 6 4 Car:ﬂxy'methylﬁelh.llase
J E EREINE KEZEMHHIL
E o ] Extn.::le-d'nrl'leat ePearl bariey
= [ ]
EH = . Pearl barley + enzyme K 3 #53 $i[ + iy
T o5 Raw wheat 45 /|\
E E 2] oW EEJ§
E Cooked rice 3217
(3
g 0 - - ' ' '
2 o 10 20 30 40 30
E Soluble NSP, g/kg
@
L AR IR S

(Re-drawn from Hopwood et al., 2006; In Biology of Growing Animals Series, vol. 4., pp. 365-385)
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A higher indigestible fibre content reduces bacterial nitrogen metabolism

[£¥RR Biogenic amines :

8 - - 6.75 *1, 5-IKZH& cadaverine
o JE & putrescine
o 4% tryptamine
: 77 6.5 o & histamine]
Amines,
M
m 6 1 - 6.25
Hﬁﬁ%:, W%ﬁ Serum urea,
mM
mM : - L6
O (o)
4 1 [ 5.75
HausEEE
BEERBIE
3 5 . . ' , , - 5.5 More crude fibre was associated
with less diarrhea
2 3 4 5 6 7 8

Crude fibre in feed, %
H ﬁq: *ﬂg$gﬁ'§i, % (Bolduan et al., 1988; Pig News and Information 9:381—385)
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E coll K88 in lleal mucosa (log'* cfulg tissue)
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A ET R A R
KT B 5

Insoluble fibre and Escherichia coli
infection after weaning

a3 H AR RN ]/ NE 2k
(4%; Bk A /N 91088 m)
A 7 REZHFT B K88 R,

Inclusion of coarsely prepared wheat bran
(4%; particle size 2088 m) in a diet for weaner
pigs challenged with E. coli K88 decreased:

* (a)[@l i th AR 40 E K A 1T ERTK88

ileal mucosa-bound E. coli K88;

* (b) R EREMHZE,

microbial density in the ileal digesta;

o (c) EHAIBHNEE

proportion of valeric acid in faecal samples

(Molist et al., 2010; Livestock Science 133: 214—217)
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Pigs fed different cereals vary in diarrhea after weaning

P<o.01 SE 0.22
2 —
1.5 -
Diarrhea score
BEWS 1
0.5 | D
0 . |
FoK K% A IKFE
Corn Barley Rolled Oats Rice

B CIBR2 x 10° CFU/SK MU AIAITBIR R S hIB463L21 B S T T 35; IS0
0= IE'A,%L'?L%'{E, 4 = }IE EH’E*}E Pigs challenged with oral dose of 2 x 109 CFU/pig; 6 pigs weaned at 21d of age /
treatment; Diarrhea score o= normal feces; 4 = severe (Buckingham et al., 2006)

FIh RZBREMEARKBRMELL, WD TRESTFRENZER:3.6 17.1% (P <

0.05) Also: reduced removal of pigs from nursery for barley vs corn: 3.6 vs 7.1% (P < 0.05) (Perez-Mendoza et al., 2006)



FHEMI I ZEmMRBRENES

Feed processing influences survival of pathogenic bacteria

5 fEAERESEAENERE
1EI::I}E”EL_I EIIJ /\ F IZE-O Stomach: can

act as a barrier to pathogenlc bacteria moving into
intestines and passing out in feces

® Mikkelsen et al. (2004):
o TARIERIA/NFELRAT vs FBEERY)

Feed particle size (fine vs coarse)

o TARHEAS(RURL vs FEFIURL)  Feed form

(pelleted vs non-pelleted)

(http://www.picsearch.com/pictures/science/bacteria%2om/

. ‘I{:IZTE T A%Ei%&% . I_:I]*_I_fl: Ii%ﬂ salmonella%z2obacteria.html)
MEDTI2R A KE M

fé Assessed microbial populations, properties of feed,

survival of Salmonella enterica Typhimurium DT12


http://www.picsearch.com/pictures/science/bacteria%20m/�

255 kg3 B BITFTE

Stomach characteristics in pigs killed at ~ 55 kg

HRRE
AA-AHIRL SR FELBE - A~ AL FELBE - Fll AL
Fine-Non-pelleted Fine-Pelleted Coarse-Non-pelletec Coarse-Pelleted

DT12 LT

DTa2 death rate(/hr) 0-3 0-4 13 0.2

pH 4.3 4.3 3.9 4.7
BB 6 e
Organic acids,mM 5-3 3-3 2055 -2
= gick N
Undissociated lactic 0.9 0.8 10.2 1.7
acid, mM

ZLERE Lactobacillus,

og.. CFUJg 6.8 7.0 7.9 7.4

(Mikkelsen et al., 2004; Applied Environmental Microbiology 70:3485-3492)
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Prebiotics/prebiotics as an alternative
feed strategy



wHEEH, mERNSER

Probiotics, prebiotics and synbiotics

mAER - ‘XNESAH -2 I RY), ) FAOFIWHO
EXAE—H ‘Jz/u», SHEY), && E’J WA, JEIRRE%
é&%ﬁj—% —WCIJ :,F"fﬁ 3_'@%}:& o Probiotic — ‘for/in favor of life’ - is a functional food

defined by the FAO/ WHO as mono or mixed cultures of ‘live microorganisms which, when
administered in adequate amounts confer a health benefit on the host’

T S S L S e L P YA
2l GRORIWHOTUh “TH ST BT it
R i B EA E AR, AT TR A s

EEE"&F\— o A prebioticis a fiber found in some plants that reaches the colon undigested, and were

defined by the FAO/ WHO as ‘nondigestible substances that provide a beneficial physiological effect on the host
by selectively stimulating the favorable growth or activity of a limited number of indigenous bacteria’

* Gibson et al. (2010): “— e Ve A BE AN 43 BE 51 S I 18 o A 4 RS AT i
E’J}E{JC ﬁ%*}{’f{ﬂj‘ﬁ_%ﬁ 7 Gibson et al. (2010): ‘a selectively fermented

ingredient that causes specific changes in the composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health’

Aﬂi? E—Eb%%li%l\% 7'7 Jﬂ"\il%ﬂ ij'—ﬂﬁl‘]éﬂé Synbiotics are

nutritional supplements that are comblnatlons of probiotic bacteria and prebiotic food ingredients,

o FARRRETS U i A R AR AT RE RIS R S )48 R T 2K @Efa/\ﬁ]jj/\ﬁ?%)

CIalmed to improve the viability of probiotics and to deliver specific health benefits (synergism)




LB ERMIBATERAAE-

EH, BERENESESR

Examples of probiotics, prebiotics and synbiotics using

Lactobacillus and Bifidobacteria spp.

Probhiotic

Prebiotic

Lactobacillus sps.

AR

L.acidophilus
L. amylovorus
L. bulgaricus
L. brevis

L. casei
L.cellobiosus
L. crispatus
L. curvatus

L. fermentum
L. gallinarum
L. johnsonii
Liactis

L. paracasei
L. plantarum
L. salivarius
L. sporogenes
L.reuteri

L rhamnosus

BRI E
EMETE
RINFLELATE]

BETE
FHIFE

T4 HEFLAT E
BHTE

BHEMAE
REEZLAE

EELATE
AREAE

FLELFLITE

Bl FEREAE
EMITE

IERELITE
FUETE

YERREAE
BEEINE

Fructo-olignsaccharides 52 B #E Lactobacilli + lactitol

(FOS) {RER R ¥
Inulin ;,%l_ *ﬁ
Lactulose F| R ¥E

FLAEER
Galactoohigosacchandes

Lactitol

Synbiotic
FLEAE+FLEEE
b f‘\, = 0
Lactobacilli+ inulin ftgﬁ"jﬁ%
o FLERE+FOS
Lactobacilli + FOS or .
o £yl
ioulin BB RS
Lactobacillus rthamnosus
G0 + inulin GG+%%

& X S ERAE
lsmnuliml[gusuﬁ;ﬁjﬁus Bifidobactena + FOS W FFE+FOS

Xylooligosaccharides {58
Lactosucrose, K ER FL R #E
Cereals [ibres Y414

Soy oligosaccharides K5 {6

TR

Raliinose

fBifidobacteria+ GOS  IWHAFE+GOS
MM E
FLEEE+FOS
HEHM

Bifidobactena and
Lactobacilli + FOS

or inulin
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Effects of orally administered Lactobacillus spp. in weaned piglets

Gardiner et al. (2004),

s REMEBENERNETYH L BN EMAERITE obtained

various Lactobacillus isolates from pig caecal contents

N

2, DREDBE (2]

BT NN
AWES

&

_H-giﬁ/%/ ?)

, NAtT

é&% E,] == jj Measured survival and persistence in gut of weaner pigs after

dosing, and ability to reduce Enterobacteriaceae (Salmonella, E. coli) counts

MREZWM, £E&E/ FRENEEIITREEE
&, TH%%@@& kTH

stralns used, both in survival/persistence and in their ability to reduce Enterobacteriaceae counts

Found large differences in



AfR&E4AHoXRFH/MNETHAN TP IZHE
MEBRENRE

Enterobacteriaceae and total Lactobacillus counts in caecal
contents (* s.d.) of young pigs 9 days after oral dosing

e T
T 7
8 1 .
74
64
Lo HE -
% 5 .
= [ B##F Ee Enterobacteriaceae
Log,, 4110 O ?Lﬁé’%Total Lactobacillus
counts
37
>4 F ol
L E
- (Gardiner et al., 2004; Applied

Control L. salivarius L. pentosus L. murinus L. murinus Combination Environmental Microbio[ogy
(Values are means of 2 pigs) (DPC6002) (DCP6003) REFEA 70:1895-1906 )
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R 7Bk EINCIMB 10415 FIEER

-FHHERIERET

(BB X FRAH & RmEN100%)

Enterococcus feacium NCIMB 10415 and Bacillus cereus var. toyoi
reduce diarrhoea (incidence in control animals set at 100%)

E'“E, 100 - ——e
-
O X
£ =0
. =
A .!
B S .
up <
e N o
i é 40
" g
oo <« 20
+& &
=
E 0
Control B. cereus E. faecium NCIME 10415
war. toyoi
oy 0 Sows & piglets | © Sows & piglets| © Allpigets @ Weaner
-~ SOWS: 107 efulky 107 eflkg Pl prabictics Mo prebiatizs
ﬁﬁﬁl‘ Mursing: 109 chulkg 107 chulkg 10 efuid e probichcs
&ﬁb}ﬂ%‘ Weaner. 0 ciulkg i 0" cl'kg i afufig 10 clufeg

(Simon, 2010; Journal of Animal and Feed Sciences, 19:230-243)



BIEIEREREARORY  TKRERE
EmrTEEPL I TKRENEEEE

Faecal excretion of Salmonella was increased in pigs fed E.
faecium following oral challenge

HH

i i
- 6
ﬂg-g;ﬁ} Q4 O Control group X HRZH
K 3 E m Probiotic group 235 4= B 4H.
Z 3§z 4
D= F
A E
T 52 3 -
/ ]
K3, .
£ 4
D T I ] ] I 1 | L I I I | 1 | |

1234 6 8 13 15 20 22

Days after Salmonella chellenge

IO IR BURE JE R

(Simon, 2010; Journal of Animal and Feed Sciences, 19:230-243)



Livestock Science 122 (2009) 248-258

Contents lists available at ScienceDirect

LIVESTONCK
Livestock Science P T
[ s

journal homepage: www.elsevier.com/locate/livsci

A novel strategy to select Bifidobacterium strains and prebiotics as natural
growth promoters in newly weaned pigs

Monica Modesto?, M. Rosaria D'Aimmo?, llaria Stefanini?, Paolo Trevisi ®, Sara De Filippi °,
Luisa Casini®, Maurizio Mazzoni®, Paolo Bosi®, Bruno Biavati**

* Department of Agro-Environmental Science and Technology, University of Bologna, Bologna, Italy
" Agri-food Protection and Improvement, Universty of Bologna, Reggio Emilia, Italy

* TEER R E B AMT SRR mETTHE VIRV EXFH [FOS(BHRM), 2
£, GOS (9h#1) 1X B IpE F XA E R ANINFIFEENFIT  evalvated

different strains of Bifidobacterium spp., in combination with different prebiotic combinations [FOS (from sugar
beet), inulin, GOS (from milk whey)], for survival of Bifidobacterium spp. in the gastrointestinal tract

N REREERERNAB HRINFIZB20]  Evaluated different daily doses of the

most promising probiotic strains
s MFR AT, 5’—5%‘9{’5‘@11%‘%101%%5’9 B. animalis subsp. lactis Ra 18, 2i2 5

i}"L IE EE—;Z?F EI/] jilﬁ_j;:xlzo Found that B. animalis subsp. lactis Ra 18, at 10** CFU per pig per
day, was the best probiotic ch0|ce for improved performance
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Effect of the different Bifidobacterium
strains on bifidobacteria counts in
caecum contents by plate counts

and by direct semi-quantitative genus PCR

(Modesto et al., 2009; Livestock Science 122:248-258)
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Ratio of bifidobacteria to E. coliin
caecum contents in weaning pigs fed different
prebiotics (Results are ratio of the CFU of bifidobacteria to CFU of E. colj;
dotted line indicates the control level arbitrarily chosen as threshold limit)
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Response of Nursery Pigs to a Synbiotic Preparation of Starch
and an Anti-Escherichia coli K88 Probiotic’

D. O. Krause,"** S. K. Bhandari,' J. D. House.! and C. M. Nyachoti'

Department of Animal Science' and Department of Medical Microbiology,” University of
Manitoba, Winnipeg, Manitoba R3T 2N2, Canada
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Experimental design
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weaned piglets were randomly assigned to four treatments:

Forty 17-day-old

“2m A E(PRO) A T EEH

Treatment 1, positive-control diet (C), no

probiotics (PRO) or raw potato starch (RPS) but containing in-feed antibiotics;

— AR 2, mA R, RIMAR,

(PRO)(UM-2 A1 UM-7)m & E R &4 -

50:50 LEBIHYE. coli F#k

Treatment 2, probiotic,

no feed antibiotics plus a 50:50 mixture of probiotic E. coli strains (UM-2 and UM-7) (PRO);

— %EE 3, 14% RPS, %?ﬁi%(RPS), Treatment 3, 14% RPS, no antibiotics

(RPS);

— QMFB4, 14% RPS F1 50:50 EEBIBYE. coli F#k (UM-2 and UM-
7)§ii;tb - Lll'@ %?ﬂi%(PRO RPS) Treatment 4, 14% RPS plus a

50:50 mixture of problotlc E. coli strains (UM-2 and UM-7), no antibiotics (PRO-RPS)

« EIRIAIETK,

(24 HixF) ;

RIS

210K /5

AR Iikﬂ%ﬂ 7 K88

ERIHITINE

FE1T % SR FE(35 Eltﬁ%fé)

Pigs were challenged W|th pathogenic E. coli K88 stralns on day 7 of the experiment (24-day-old
pigs) and euthanized on day 10 of the experiment (35-day-old pigs)
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Growth performance and fecal score is improved with the
synbiotic post-infection

xTHRA o 4

Control Probiotics

Raw potato starch

FIBR{AE Start BW, kg 4.6 4.7
XKE Final BW, kg S 5.9
R FHIBE(g) 129
Daily gain (g) after infection

REFHRXBE(g) 5 231
Daily feed intake (g) after

infection

R FRME Gainto 0.47 0.55
feed, after infection

FE V5, e f548-96 1.23

IINF] Fecal score, 48-96 h

after infection

F(EI5T: 0, IEREME; 1, REETE, 2, 85, 3, "EERE

Fecal score: o, normal feces; 1, mild diarrhea; 2, diarrhea; 3, severe diarrhea

4+ SiEH

(A4 JT)

(prebiotic)
4.8

5.9
94

185

0.49

1.39

THEE+
4T

Probiotics +
Prebiotic

4.9

0.60

Krause et al. (2010)
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T-RFLP analysis-based hierarchical microbial composition of
ileum digesta

Microbial level (%)

Taxon SEM®

C FRO RPS PRO-RPS
Phylum Bactervidetes TU\** ] ﬁj\% 0.4 3.2 0.9 2.0 0.40
Class unclassified Bacteroidetes 1.4 1.2 1.9 0.0 0.40
Phylum Fimmicues BEBE 1402 63.1 62.3 62.1 64.6 0.57
l:':'la:ss Bacilli EE: 117 % o7 13.6 0.7 12.1 0.96
Order Lactobacillales o7 13.6 0.7 12.1 0.96
Class Closiridia 803 757 0.6 8035 1.19
Order Closiridiales 61,0 61.5% 56508 4778 320
Order unclassified Closeridia 19 3A8 1424 24 ]8¢C 12 8¢ 3198
Class unclassified Firmicutes 31 30 1.9 20 0.32
Phylum Actinobacteria N A S 0.3 0.0 0.0 0.7 0.17
l:{'lass Actinobateria ﬁ&jﬁ RECES 03 0.0 0.0 0.7 0.17
Subclass Coriobacteridae 03 0.0 0.0 0.7 0.17
Order Coriobacieriales 0.3 0.0 0.0 0.7 0.17
Phylum Proteabacteria /Eﬂ-g ] ﬁj\% 48 50 b 4.0 0.43
Class Epsilonprotecbacteria 0.7 1.2 0.9 0.0 0.25
Order Campylobacterales 07 1.2 0.9 0.0 0.25
Class Delraprotechacteria 07 0.0 0.9 0.0 0.23
Order Desulfovibrionales 0.7 0.0 0.9 0.0 0.23
Class Gammaproteobacteria 1.7 24 1.4 1.3 0.25
Order Pastewrellales 0.3 0.0 0.5 0.0 012
Order Enterobacteriales 1.4 24 0.9 1.3 0.32
Class Betaprotecbacteria 1.4 1.8 1.9 20 0.13
Order Buridholderiales 1.0 1.2 1.4 1.3 0.00
Order unclassified Betaproteobacteria 0.3 0.6 0.5 0.7 0.09
Class Alphaprotechacieria 00 0.0 0.0 0.0 0.00
Order unclassified Alphaprotechacienia 0.0 LR 0.0 0.0 008
Class unclassified Protecbacienia 03 0.6 0.5 0.7 0.09
Phylum Lemisphaerae RERRERKZ B 4925 0.3 0.6 0.5 0.7 0.09
Class Lervisphaerae 0.3 0.6 0.5 0.7 0.09
Order Victivallales 0.3 0.6 0.5 0.7 0.09
Phylum unclassified Bacteria JEHL TV F BE 02K 0.3 0.0 0.0 0.0 0.08

“ Pooled standard error of the mean.
* heans within rows without a common letters differ (P < 0005).
Krause et al. (2010)
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A synbiotic approach to reducing post-weaning diarrhea
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K88 This study demonstrated in vivo that the selection of probiotic E. coli strains against

E. coli K88 is effective in preventing post-weaning colibacillosis when fed in conjunction with raw
potato starch
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An advantage of selecting probiotic strains of the same genus and species as the pathogen to
exclude is that the organisms typically occupy the same niche in the gut
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The disadvantage of using E. coli as a probiotic is that it is not generally

considered safe and regulatory hurdles may be higher if attempting to gain approval for inclusion in
feeds
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Bacteria engineered to express epidermal growth factor: a ‘probiotic’ with added value

Generation of epidermal growth factor—expressing Lactococcus lactis

A PES  mmm hEGE and its enhancement on intestinal development and growth of

173 4 . 13
o8 EV-LL e EGF-LL early-weaned mice
j—\ E tl b Queamie (K Chaung, Zompfed Yuam, Paul W Dhee, De Wy, Kees Delange, and Julang Li
|'\|1'§ O — Am J Clin Nty W00 392715
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Treatment group
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FLERZLEKE  Mice orally gavaged with saline ‘“z |

(PBS) or Lactococcus lactis (LL) with/without EGF
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Peer reviewed trials: probiotics after weaning (1993 - 2006)
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(Slide courtesy of Dr D Taras, Free ADG (g/d) after weaning in the control group

University, Berlin) X\Tﬂﬁ?ﬁﬁ%ﬁﬂ"] H iﬁi(g/d)
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Conclusmns and take-home messages

BSE——E&N, A5, EBRERETNBRESEEH
T y }Aﬁﬁ’,“?’é l]ﬂ 'TE 3:_ E,] %E Ij] I%E , Gastrointestinal tract - complex, ecological environment
where commensals and pathogens co-exist (most of the time) with the host to influence host immune function
MERMZE, ZBHMEAY, RK8CEEEFBEN, B—IXRE
BENREEFRRENERELE (ARRS, AmFmERE) , ;)
FFRENE ZERBENFEERBIIIES o antiiotic resistance, bans on

antimicrobials, company/consumer concerns, have refocused attention on alternative feed strategies
(ingredients, additives, management) for optimum gastrointestinal tract health and (or) control of enteric disease

HFENHMIBKAVEERENE LERAM IR T HITEIR o Need
to respond to an increasingly consumer-responsive, welfare-conscious industry

WNINIR R R AR = m AT B R (B E XN FHE N mEBRER
E,] Z— H E,] N ,Z_Fﬁ E,] 1%% TU_/A o Search for new products, new ingredients (or different/novel

ways of using the same products or ingredients) must continue

_'L|:+;ﬁ F&'ﬂ _“f’II-II—B_'C\ EI/] ﬁﬁﬂ EI/] %ﬂ}_\_ﬁﬁ II-II—E/] ;ll;:_[l: E}Fﬁ'—t o Mix of basic/applied research

with commercial relevance
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