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Ba ckgrounds 

› Feeding liquid diet: 
 » » »   Keep high a nd regula r feed a nd wa ter 

inta ke post-wea ning   
  
 « « «  Risk for enteropathogenic infection 

when trough system is used 
  (soaking period allows proliferation of enterobacteriaceae)   



Department of Animal Science  
(Immunology & Microbiology) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Sugiharto 
EAAP-August 2013 

AARHUS 
UNIVERSITY 
 

Ba ckgrounds 

› Whey permeate (WP): 
   » » »   Byproduct of cheese-ma king ≈ rich in lactose 

  » » »  Potentia lly synbiotic fermented product tha t 
ma y be a dded to the liquid diet: 

o Prevent the overgrowth of enterobacteriaceae 
during feeding 

o Exert both prebiotic and probiotic effect    
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Ba ckgrounds 

» » »   Beneficia l effects of fermented products 
for gut hea lth≈ la ctic a cid ba cteria  (LAB) 

 
« « «  The effect of LA B ≈ species and strain 

specific 
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Objective of study 
› Investiga te the effect of feeding liquid diets 

conta ining W P fermented with different LAB species 
on G IT microbia l popula tions a nd mucosa l immune 
responses of E. coli F4 infected pigs after weaning 

Hyp ot heses: 
Feeding fermented-WP may balance gut microbiota and 
modulate mucosal immunity of pigs in response to ETEC 

invasion 
The effect of fermented-WP on gut microbiology and 

immunology may depend on the species of LAB used to 
ferment WP  
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INF−WP− INF+WP− INF+WP+ INF+WP+
LAB1 

INF+WP+
LAB2 

INF+WP+
LAB3 

n=6 n=8 n=10 n=8 n=10 n=10 

Diets C ontrol 
diet 

C ontrol 
diet 

Diet + non-
fermented 
W P 

Diet + W P 
fermented 
with S. 
thermophil
us/ L.bulgar
icus 

Diet + WP 
fermented 
with L. 
plantarum 

Diet + W P 
fermented 
with W. 
viridescens  

E. Coli F4 •  + + + + + 

Experimenta l design 

Day of experiment 

1 2 3 4 5 6 7 8 9 10 11 12 

Wea ning da y ˆ  

E. Coli F4 cha llenge ˆ  ˆ  

Fa eca l sa mpling ˆ  ˆ  ˆ  ˆ  ˆ  ˆ  

Killing a nd sa mpling (digesta  &  SI) ˆ  
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C omposition of the experimenta l diets (%) 

Items Control WP groups 
W P (Va riola c 830) 0 # 
Ba rley 20.000 20.000 
W hea t  48.200 41.200 
Dehulled toa sted soybea n mea l 16.690 17.610 
Anima l fa t 3.000 3.000 
Soy protein concentra te  3.000 3.250 
Pota to protein 5.000 5.000 
Other* 4.110 3.940 
#WP included in the diet = 64 g WP per kg diet 
*L-Lysine HC L, DL-Methionine, L-Threonine, L-Tryptopha n, L-Va line, Monoca lcium phospha te, 
C a lcium ca rbona te, 38% C a , Sodium chloride, Na truphos 5000 (100g/ t), Vita min a nd 
minera l premix 
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Prepa ra tion of inoculum 

-80°C  stock 
Strea ked on MRS pla te, 

incuba ted a t 37°C  
overnight, a erobic 

Picked single 
colony, 

inocula ted in 
MRS broth, 

incuba ted a t 
37°C , overnight, 

a erobic 

In
oc

ul
um
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Prepa ra tion of fermented W P 

70 g W P + 1 g 
yea st extra ct 
dissolved in 

1000 mL wa ter 

Pa steurized a t 
80°C , 20 min 

Let the suspension 
cool, a nd a djusted 

to pH 6.0 

Inocula ted with 
4 mL of the LAB-
inocula ted MRS 

broth  

Incuba ted a t 
37°C , 24 h, 
a erobic, to 

rea ch pH 4.4 
a nd108 cfu 

LAB/ mL 

4°C 



Department of Animal Science  
(Immunology & Microbiology) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Sugiharto 
EAAP-August 2013 

AARHUS 
UNIVERSITY 
 

Prepa ra tion of diets 

Water 
= 1.6 v  

Non 
fermented 
WP = 0.9 v  

Dry 
feed 

= 1 wt Water  
= 2.5 v 

Dry 
feed  
=1 wt  

Water  
= 2.5 v 

Dry 
feed  
=1 wt  

Water 
= 1.6 v  

WP 
fermented 
with LAB1 

= 0.9 v  

Dry 
feed 

= 1 wt 

Water 
= 1.6 v  

WP 
fermented 
with LAB1 

= 0.9 v  

Dry 
feed 

= 1 wt 

Water 
= 1.6 v  

WP 
fermented 
with LAB1 

= 0.9 v  

Dry 
feed 

= 1 wt 

INF−WP− INF+WP− INF+WP+ 

INF+WP+LAB1 INF+WP+LAB2 INF+WP+LAB3 Im
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 b
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Performa nce of pigs 
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Fa eca l-ha emolyticE. coli 
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Day of experiment 

INF–WP– INF+WP– INF+WP+
INF+WP+LAB1 INF+WP+LAB2 INF+WP+LAB3

Ptreatment=0.55 
Pday<0.001 
Ptreatment*day=0.48 
SE=0.26 
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Fa eca l-LAB 
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Ptreatment=0.49 
Pday<0.001 
Ptreatment*day=0.53 
SE=0.21 
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Ptreatment=0.89 
Pday<0.001 
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Digesta -LAB:coliform ratio 
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Mucosa l IgM – 90%SI 
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› Feeding fermented-W P ha d no sig. impa cts on fa eca l microbia l 
popula tion a cross the sa mpling da ys. 

› Fermented-W P tended to reduce coliform  bacteria and increase 
LAB:coliform ratio in the GIT digesta, but had no impact on LAB, yeast, 
and total anaerobic bacteria. 

› Feeding WP or fermented-WP tended to reduce production of IgA and 
IgM in the distal intestine and bile of the challenged pigs. 

› Treatments had impact on the gene expression level of IL-10, but not 
on Cox-2, TNF-± and IL-2.  The effect of LAB on IL-10 seemed to be 
species dependent. 

› Treatments had no impact on the intestinal dimension of pigs (not 
shown). 

Summary of results 
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Discussion of results 
› Higher LAB:coliform ratio in digesta of pigs fed fermented-

WP was most likely ascribed by the lower counts of coliform 
bacteria. 

>>> Feeding fermented-WP reduced the growth of coliform resulting in 
less immune-stimulation (less Cox-2 expression and IgA and IgM). 

Feeding fermented-WP maintained GIT microbial ecosystem and 
modulated the mucosal immune responses of E. coli F4  

challenged pigs. 

The effect of LAB on host immune systems seems to be species 
dependent. 
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Thank you for your attention 
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