
Broiler excreta composition 
and its effect on wet litter

Aspects of nutrition

B
ro

iler ex
creta co

m
p
o
sitio

n
 an

d
 its effect o

n
 w

et litter        E
. v

an
 d

er H
o
ev

en
-H

an
go

o
r

Evelien van der Hoeven – Hangoor

UITNODIGING

Voor het bijwonen van de 
openbare verdediging van 

mijn proefschrift

Broiler excreta 
composition and its 
effect on wet litter

 Aspects of nutrition

Vrijdag 24 januari 2014, 
13:30 uur in de Aula van 
Wageningen Universiteit, 
Generaal Foulkesweg 1a, 

Wageningen

Aansluitend is er een 
receptie in de Aula 

Evelien van der 
Hoeven-Hangoor

Evelien_hangoor@cargill.com

Paranimfen

Laura de Witte

Laurade_witte@hotmail.com
06 4221 8024

Irene Nijmeijer - van de Linde

Irene_van_de_linde@cargill.com 
06 5154 9282

Hangoor, Evelien_omslag.indd   1 02-01-14   09:04



Broiler excreta composition and its 
effect on wet litter 

 
Aspects of nutrition 

 
 
 
 

Evelien van der Hoeven – Hangoor  



 

 

 

 

 

 

 

 

 

 

 

 

Thesis committee 

Promotors 

 

 
Other members 

 
Broiler excreta composition and its 

effect on wet litter 
 

Aspects of nutrition 
 
 
 

Evelien van der Hoeven – Hangoor 

 

 

 

 

 

 

 

 

 

Thesis 

  



 

 

 

 

 

 

 

 

 

 

 

 

Thesis committee 

Promotors 

 

 
Other members 

 
Broiler excreta composition and its 

effect on wet litter 
 

Aspects of nutrition 
 
 
 

Evelien van der Hoeven – Hangoor 

 

 

 

 

 

 

 

 

 

Thesis 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

 

 

 



 

 

CONTENTS 

Chapter 1

 

Chapter 2

 

Chapter 3

 

Chapter 4

 

Chapter 5

 

Chapter 6



 

 

CONTENTS 

Chapter 1

 

Chapter 2

 

Chapter 3

 

Chapter 4

 

Chapter 5

 

Chapter 6

Chapter 1

General introduction



 

WET LITTER IN BROILER PRODUCTION 

and a condition termed “wet litter” can occur. Wet litter as defined by Hermans et al.

“when material covering the floors of poultry houses reaches its saturation threshold and is 

unable to hold more moisture”. Wet litter can result in animal welfare problems, and will be 

Ivoš et al., 1966

AGP

 

Figure 1. 

 

Dietary nutrients

Bird Microbiota

Moisture

Litter

Excreta

Free water

Nutrients

Bound water

Chapter 2

Chapter 3

Chapter 5

8

| CHAPTER 1



 

WET LITTER IN BROILER PRODUCTION 

and a condition termed “wet litter” can occur. Wet litter as defined by Hermans et al.

“when material covering the floors of poultry houses reaches its saturation threshold and is 

unable to hold more moisture”. Wet litter can result in animal welfare problems, and will be 

Ivoš et al., 1966

AGP

 

Figure 1. 

 

Dietary nutrients

Bird Microbiota

Moisture

Litter

Excreta

Free water

Nutrients

Bound water

Chapter 2

Chapter 3

Chapter 5

9

GENERAL INTRODUCTION |

1



 

WATER BALANCE IN THE BIRD 

Intake i

ii

iii

Output i

ii iii

. Urine production is regulated by the kidney to control the bird’s 
  Ta

bl
e 

1
 

B
ir

d 
fa

ct
or

s 
W

at
er

 q
ua

lit
y 

fa
ct

or
s 

Fe
ed

 fa
ct

or
s 

H
ou

sin
g 

an
d 

en
vi

ro
nm

en
ta

l f
ac

to
rs

 

10

| CHAPTER 1



 

WATER BALANCE IN THE BIRD 

Intake i

ii

iii

Output i

ii iii

. Urine production is regulated by the kidney to control the bird’s 

  Ta
bl

e 
1

 
B

ir
d 

fa
ct

or
s 

W
at

er
 q

ua
lit

y 
fa

ct
or

s 
Fe

ed
 fa

ct
or

s 
H

ou
sin

g 
an

d 
en

vi
ro

nm
en

ta
l f

ac
to

rs
 

11

GENERAL INTRODUCTION |

1



 

Escherichia coli

. A thorough review of the bird’s water metabolism is proved by 

WATER BALANCE IN THE LITTER 

 

FPD

P P

 

MICROBIOTA IN THE LITTER 

Actinomycetes, Clostridia/Eubacteria,  Bacilli/Lactobacilli

Bacillus Atopostipes,

Aspergillus

12

| CHAPTER 1



 

Escherichia coli

. A thorough review of the bird’s water metabolism is proved by 

WATER BALANCE IN THE LITTER 

 

FPD

P P

 

MICROBIOTA IN THE LITTER 

Actinomycetes, Clostridia/Eubacteria,  Bacilli/Lactobacilli

Bacillus Atopostipes,

Aspergillus

13

GENERAL INTRODUCTION |

1



 

WET LITTER RISK FACTORS 

Management factors 

Ivoš et al., 1966

Diseases 

i

ii

iii

vi

 

Gut health 

metabolically active “tissues” of the chicken 

GIT

i

SCFA

ii

means of interacting with and training of the host’s immune system, and iii

14

| CHAPTER 1



 

WET LITTER RISK FACTORS 

Management factors 

Ivoš et al., 1966

Diseases 

i

ii

iii

vi

 

Gut health 

metabolically active “tissues” of the chicken 

GIT

i

SCFA

ii

means of interacting with and training of the host’s immune system, and iii

15

GENERAL INTRODUCTION |

1



 

Table 2.

NSP

 

i

ii iii

iv

Bifidobacterium longum

 

Dietary factors 

Dietary electrolyte balance 

dEB

16

| CHAPTER 1



 

Table 2.

NSP

 

i

ii iii

iv

Bifidobacterium longum

 

Dietary factors 

Dietary electrolyte balance 

dEB

17

GENERAL INTRODUCTION |

1



 

Protein 

SBM; 

 

 

Carbohydrates 

DF) are in general recognized as ‘anti nutritive’ because they impair 

18

| CHAPTER 1



 

Protein 

SBM; 

 

 

Carbohydrates 

DF) are in general recognized as ‘anti nutritive’ because they impair 

19

GENERAL INTRODUCTION |

1



 

AIMS AND OUTLINE 

 

 

Hypotheses

Chapter 2

Chapter 3

Chapter 4

Chapter 5

20

| CHAPTER 1



 

AIMS AND OUTLINE 

 

 

Hypotheses

Chapter 2

Chapter 3

Chapter 4

Chapter 5

21

GENERAL INTRODUCTION |

1



 



 

Chapter 2

Ileal microbiota composition of broilers fed 

various commercial diet compositions

E. van der Hoeven-Hangoor,* J. M. B. M. van der Vossen,† 

F. H. J. Schuren,† M. W. A. Verstegen,‡ J. E. de Oliveira,§ 

R.C. Montijn,† and W. H. Hendriks,‡#

*Cargill Animal Nutrition; †TNO, Microbiology & Systems Biology; ‡Animal Nutrition 

Group, Wageningen University; §Cargill R&D Centre Europe; and #Faculty of Veterinary 

Medicine, Utrecht University

Poultry Science (2013) 92:2713-2723



 

ABSTRACT 

Firmicutes, Lactobacillus

Enterococcaceae Micrococcaceae,

Enterobacteriaceae

Keywords: 

 

INTRODUCTION 

Lactobacillus 

Clostridiaceae Streptococcus Enterococcus 

Lactobacillus

Streptococcaceae, Enterococcaceae, Staphylococcaceae, Enterobacteriaceae, 

Clostridiaceae, Coriobacteriaceae, Peptostreptococcaceae,  Micrococcaceae

GIT

NSP;

24

| CHAPTER 2



 

ABSTRACT 

Firmicutes, Lactobacillus

Enterococcaceae Micrococcaceae,

Enterobacteriaceae

Keywords: 

 

INTRODUCTION 

Lactobacillus 

Clostridiaceae Streptococcus Enterococcus 

Lactobacillus

Streptococcaceae, Enterococcaceae, Staphylococcaceae, Enterobacteriaceae, 

Clostridiaceae, Coriobacteriaceae, Peptostreptococcaceae,  Micrococcaceae

GIT

NSP;

25

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

  

 

MATERIALS AND METHODS 

Birds and Housing 



Experimental Diets 

26

| CHAPTER 2



 

  

 

MATERIALS AND METHODS 

Birds and Housing 



Experimental Diets 

27

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

 

CO

ST

WHE

ENZ

MCFA

FCR

 

 

Data Collection 

(halfway between Meckel’s diverticulum and ileal

28

| CHAPTER 2



 

 

CO

ST

WHE

ENZ

MCFA

FCR

 

 

Data Collection 

(halfway between Meckel’s diverticulum and ileal

29

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



  Ta
bl

e 
1.

  

pa
nt

ot
he

ni
c 

ac
id

, 9
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 5

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 

α

pa
nt

ot
he

ni
c 

ac
id

, 8
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 4

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 (D

L
α

ac
et

at
e)

, 1
0,

00
0 

IU
; c

ho
le

ca
lc

ife
ro

l, 
2,

00
0 

IU
; b

io
tin

, 5
0 

μg
; f

ol
ic

 a
ci

d,
 0

.5
 m

g;
 F

eS
O

30

| CHAPTER 2



  Ta
bl

e 
1.

  

pa
nt

ot
he

ni
c 

ac
id

, 9
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 5

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 

α

pa
nt

ot
he

ni
c 

ac
id

, 8
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 4

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 (D

L
α

ac
et

at
e)

, 1
0,

00
0 

IU
; c

ho
le

ca
lc

ife
ro

l, 
2,

00
0 

IU
; b

io
tin

, 5
0 

μg
; f

ol
ic

 a
ci

d,
 0

.5
 m

g;
 F

eS
O

31

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

Microarray Construction and Analysis 

Enterobacteriaceae hsp

oligonucleotides to be spotted on the arrays contained a 5’ NH

M M

M

linked according to the manufacturer’s instructions and stored at 

Berlin, Germany), following the manufacturer’s instructions. Bacterial ribosomal sequences 

F (5’ 3’) and 16s BIF (5’

 

3’) both having a 5’ phosphor modification in combination 

R (5’ 3’) containing a 

5’ Enterobacteriaceae hsp

F (5’

3’) having a 5’ phosphor modification and reverse 

R (5’ 3’) containing a 5’

manufacturer’s instructions.



 





 

Analysis of Microarray Data 

32

| CHAPTER 2



 

Microarray Construction and Analysis 

Enterobacteriaceae hsp

oligonucleotides to be spotted on the arrays contained a 5’ NH

M M

M

linked according to the manufacturer’s instructions and stored at 

Berlin, Germany), following the manufacturer’s instructions. Bacterial ribosomal sequences 

F (5’ 3’) and 16s BIF (5’

 

3’) both having a 5’ phosphor modification in combination 

R (5’ 3’) containing a 

5’ Enterobacteriaceae hsp

F (5’

3’) having a 5’ phosphor modification and reverse 

R (5’ 3’) containing a 5’

manufacturer’s instructions.



 





 

Analysis of Microarray Data 

33

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

 

Statistical Analysis 

= μ +  

= specific trait measured for each experimental unit, μ = overall mean for the 





were separated using Tukey’s honestly significant difference. Least square means were 

RESULTS 

Performance 

P 

 

Table 2.

P

– P

P 

P 

P 

 

34

| CHAPTER 2



 

 

Statistical Analysis 

= μ +  

= specific trait measured for each experimental unit, μ = overall mean for the 





were separated using Tukey’s honestly significant difference. Least square means were 

RESULTS 

Performance 

P 

 

Table 2.

P

– P

P 

P 

P 

 

35

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

Microbiota 

 
Figure 1. 

Firmicutes

 Lactobacillus Micrococcaceae  

Enterococcaceae

Enterobacteriaceae Lactobacillus

--MCFA
--ENZYME
--CORN
--WHEAT
--STARCH

 

 
Figure 2.

Staphylococcus ., 

Staphylococcus aureus, Brenneria Enterobacteriaceae

Brachybacterium Brachybacterium muris  

Brachybbacterium rhamnosum, Brevibacterium Brenneria Lachnospiraceae, 

Corynebacterium Corynebacterium lipophiloflavum  

Corynebacterium tuberculostearicum,  Staphylococcus aureus

 

  
MCFA 
Starch 
Enzyme  
Wheat 
Corn 
Lactobacillaceae; Lactobacillus panis/ pontis 
Listeriaceae; Listeria sp. 
Lactobacillaceae; Lactobacillus unclassified 
Lactobacillaceae; Pediococcus spp. 
Lactobacillaceae; Lactobacillus jensenii/salivarius 
Micrococcaceae, Rothia mucilaginosa/nasimuri 
Lactobacillaceae; Lactobacillus group 
Lactobacillaceae; Lactobacillus spp. 
Enterococcaceae 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Enterobacteriaceae; Citrobacter spp. 
Enterobacteriaceae; Escherichia coli, Shigella  
Enterobacteriaceae; Enterobacter group 
Enterobacteriaceae; E. coli/Shigella 
Enterobacteriaceae; unclassified Enterobacter 
Enterobacteriaceae; Escherichia coli, Shigella 
Enterobacteriaceae; unclassified Enterobacter  
Lactobacillaceae; Lactobacillus reuteri 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus reuteri 

36

| CHAPTER 2



 

Microbiota 

 
Figure 1. 

Firmicutes

 Lactobacillus Micrococcaceae  

Enterococcaceae

Enterobacteriaceae Lactobacillus

--MCFA
--ENZYME
--CORN
--WHEAT
--STARCH

 

 
Figure 2.

Staphylococcus ., 

Staphylococcus aureus, Brenneria Enterobacteriaceae

Brachybacterium Brachybacterium muris  

Brachybbacterium rhamnosum, Brevibacterium Brenneria Lachnospiraceae, 

Corynebacterium Corynebacterium lipophiloflavum  

Corynebacterium tuberculostearicum,  Staphylococcus aureus

 

  
MCFA 
Starch 
Enzyme  
Wheat 
Corn 
Lactobacillaceae; Lactobacillus panis/ pontis 
Listeriaceae; Listeria sp. 
Lactobacillaceae; Lactobacillus unclassified 
Lactobacillaceae; Pediococcus spp. 
Lactobacillaceae; Lactobacillus jensenii/salivarius 
Micrococcaceae, Rothia mucilaginosa/nasimuri 
Lactobacillaceae; Lactobacillus group 
Lactobacillaceae; Lactobacillus spp. 
Enterococcaceae 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Enterobacteriaceae; Citrobacter spp. 
Enterobacteriaceae; Escherichia coli, Shigella  
Enterobacteriaceae; Enterobacter group 
Enterobacteriaceae; E. coli/Shigella 
Enterobacteriaceae; unclassified Enterobacter 
Enterobacteriaceae; Escherichia coli, Shigella 
Enterobacteriaceae; unclassified Enterobacter  
Lactobacillaceae; Lactobacillus reuteri 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus reuteri 

37

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

 
Figure 3.

 
Figure 4. 

Digesta pH 

P 

P

 

 

C275
C1334
C1250

Staphylococcus aureus 
Enterobacteriaceae; Brenneria sp. 
Staphylococcus sp. C275
C1334
C1250

 

C821
C1822
C1334
C263
C868
C835
C275
C1826

Brachybacterium spp. 
Brevibacterium spp. 
Enterobacteriaceae; Brenneria spp. 
Lachnospiraceae Incertia Sedis; Ruminococcus spp. 
Corynebacteriaceae; Corynebacterium lipophiloglavum 
Brachybacterium muris, Brachybacterium rhamnosum 
Staphylococcus aureus 
Corynebacteriaceae; Corynebacterium spp. 

C821
C1822
C1334
C263
C868
C835
C275
C1826

 

Excreta 

P 

P 

Table 3.

P

– P

 

DISCUSSION 

 

Firmicutes   Lactobacillus

Micrococcaceae Enterococcaceae

Enterobacteriaceae

Lactobacillus

Lactobacillus

Lactobacillus

Lactobacillus Lactobacillus

Enterococcaceae

Skřivanová et al. (2005

38

| CHAPTER 2



 

 
Figure 3.

 
Figure 4. 

Digesta pH 

P 

P

 

 

C275
C1334
C1250

Staphylococcus aureus 
Enterobacteriaceae; Brenneria sp. 
Staphylococcus sp. C275
C1334
C1250

 

C821
C1822
C1334
C263
C868
C835
C275
C1826

Brachybacterium spp. 
Brevibacterium spp. 
Enterobacteriaceae; Brenneria spp. 
Lachnospiraceae Incertia Sedis; Ruminococcus spp. 
Corynebacteriaceae; Corynebacterium lipophiloglavum 
Brachybacterium muris, Brachybacterium rhamnosum 
Staphylococcus aureus 
Corynebacteriaceae; Corynebacterium spp. 

C821
C1822
C1334
C263
C868
C835
C275
C1826

 

Excreta 

P 

P 

Table 3.

P

– P

 

DISCUSSION 

 

Firmicutes   Lactobacillus

Micrococcaceae Enterococcaceae

Enterobacteriaceae

Lactobacillus

Lactobacillus

Lactobacillus

Lactobacillus Lactobacillus

Enterococcaceae

Skřivanová et al. (2005

39

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

Entercococcus hirae

Lactobacillus

Lactobacillus salivarius

L. salivarius L. 

avaiarius L. crispatus

Skřivanová et al., 2005

et al.

Lactobacillus

 Lactobacillus

 

 Staphylococcus ., Staphylococcus aureus, Brenneria

Enterobacteriaceae

Staphylococcus

40

| CHAPTER 2



 

Entercococcus hirae

Lactobacillus

Lactobacillus salivarius

L. salivarius L. 

avaiarius L. crispatus

Skřivanová et al., 2005

et al.

Lactobacillus

 Lactobacillus

 

 Staphylococcus ., Staphylococcus aureus, Brenneria

Enterobacteriaceae

Staphylococcus

41

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

Entercococcus hirae

Lactobacillus

Firmicutes Lactobacillus

Enterococcaceae  Micrococcaceae

with, in this case, specific diet conditions provides a further basis for more “reductionistic” 

 

ACKNOWLEDGMENTS 

  

42

| CHAPTER 2



 

Entercococcus hirae

Lactobacillus

Firmicutes Lactobacillus

Enterococcaceae  Micrococcaceae

with, in this case, specific diet conditions provides a further basis for more “reductionistic” 

 

ACKNOWLEDGMENTS 

  

43

2

FEED COMPOSITION AND BROILER MICROBIOTA | 



 

  



 

  Chapter 3

Moisture content in broiler excreta is influenced 

by excreta nutrient contents

E. van der Hoeven-Hangoor,* N. D. Paton,*  I. B. van de Linde,* 

M. W. A. Verstegen,† and W. H. Hendriks,†‡

*Cargill Animal Nutrition; †Animal Nutrition Group, Wageningen University; and ‡Faculty 

of Veterinary Medicine, Utrecht University

Journal of Animal Science (2013) 91:5705-5713



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

. Above a certain litter moisture content, “wet litter” can occur 

GIT

MATERIALS AND METHODS 

  

46

| CHAPTER 3



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

. Above a certain litter moisture content, “wet litter” can occur 

GIT

MATERIALS AND METHODS 

  

47

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 

Animal Experiments 

  Ta
bl

e 
1.

48

| CHAPTER 3



 

Animal Experiments 

  Ta
bl

e 
1.

49

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 

Experimental Feedstuffs

Table 2.
 

 

Excreta Database 

“ ”

 

 

Table 3. 

Statistical Analysis 

50

| CHAPTER 3



 

Experimental Feedstuffs

Table 2.
 

 

Excreta Database 

“ ”

 

 

Table 3. 

Statistical Analysis 

51

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 

Xß Zu e X ß

Z

u e

X

i

P ii

iii

iv

P

Figure 1.

Δ 
R

2  

Number of predictor variables in the model (n) 

 

 

P

 

 

RESULTS 

Best 10-variable Biological Model 

R2

52

| CHAPTER 3



 

Xß Zu e X ß

Z

u e

X

i

P ii

iii

iv

P

Figure 1.

Δ 
R

2  

Number of predictor variables in the model (n) 

 

 

P

 

 

RESULTS 

Best 10-variable Biological Model 

R2

53

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 

Table 4.

P

 

 

 

Table 5.

P

 

 

 

  

 

 

Best 14-variable Biological Model 

Best 10-variable Automated Statistical Model 

 

Table 6.

P

 

 

 
 

54

| CHAPTER 3



 

Table 4.

P

 

 

 

Table 5.

P

 

 

 

  

 

 

Best 14-variable Biological Model 

Best 10-variable Automated Statistical Model 

 

Table 6.

P

 

 

 
 

55

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 

Best 14-variable Automated Statistical Model 

Table 7.

P

 

 
 

 

DISCUSSION 

 

 

of 0.583. When using Kramer’s 

56

| CHAPTER 3



 

Best 14-variable Automated Statistical Model 

Table 7.

P

 

 
 

 

DISCUSSION 

 

 

of 0.583. When using Kramer’s 

57

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



  

 

dEB

58

| CHAPTER 3



  

 

dEB

59

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



  

 

ACKNOWLEDGMENTS 

60

| CHAPTER 3



  

 

ACKNOWLEDGMENTS 

61

3

EXCRETA NUTRIENTS EXPLAINING MOISTURE OUTPUT |



 



 

Chapter 4

Effect of different magnesium sources on 

digesta and excreta moisture content and 

production performance in broiler chickens

E. van der Hoeven-Hangoor,*  I.B. van de Linde,* N.D. Paton,* 

M. W. A. Verstegen,† and W. H. Hendriks†‡

*Cargill Animal Nutrition; †Animal Nutrition Group, Wageningen University; and ‡Faculty 

of Veterinary Medicine, Utrecht Universitys

Poultry Science (2013) 92: 382-391



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

evaporation, “wet litter” can occur. 

litter is a major focus in today’s 

FPD

64

| CHAPTER 4



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

evaporation, “wet litter” can occur. 

litter is a major focus in today’s 

FPD

65

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

GIT

  

 

 

MATERIALS AND METHODS 

Birds and Housing 

Experimental Design 

 

et al. et al.

66

| CHAPTER 4



 

GIT

  

 

 

MATERIALS AND METHODS 

Birds and Housing 

Experimental Design 

 

et al. et al.

67

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



  Ta
bl

e 
1.

 

 

  

 

pa
nt

ot
he

ni
c 

ac
id

, 9
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 5

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 (D

L
α

ba
la

m
in

, 2
0 

μg
; v

ita
m

in
 E

 (D
L

α
μg

; f
ol

ic
 a

ci
d,

 0
.5

 m
g;

 F
eS

O

68

| CHAPTER 4



  Ta
bl

e 
1.

 

 

  

 

pa
nt

ot
he

ni
c 

ac
id

, 9
 m

g;
 c

ho
lin

e 
ch

lo
rid

e,
 5

00
 m

g;
 c

ya
no

co
ba

la
m

in
, 2

0 
μg

; v
ita

m
in

 E
 (D

L
α

ba
la

m
in

, 2
0 

μg
; v

ita
m

in
 E

 (D
L

α
μg

; f
ol

ic
 a

ci
d,

 0
.5

 m
g;

 F
eS

O

69

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

Experimental Diets 

NIRS

 

 

Data Collection 

FCR

  Ta
bl

e 
2.

70

| CHAPTER 4



 

Experimental Diets 

NIRS

 

 

Data Collection 

FCR

  Ta
bl

e 
2.

71

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

g

between the end of the duodenal loop to Meckel’s diverticulum and the ileum from Meckel’s 

 

 

Statistical Analysis 

= μ +  

= specific trait measured for each experimental unit, μ = overall mean for the 





 

 

RESULTS 

Digesta DM 

P P 

P 

P 

P 

Excreta Moisture and Free Water 

P P 

P 

P 

P 

P P 

72

| CHAPTER 4



 

g

between the end of the duodenal loop to Meckel’s diverticulum and the ileum from Meckel’s 

 

 

Statistical Analysis 

= μ +  

= specific trait measured for each experimental unit, μ = overall mean for the 





 

 

RESULTS 

Digesta DM 

P P 

P 

P 

P 

Excreta Moisture and Free Water 

P P 

P 

P 

P 

P P 

73

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



   T
ab

le
 3

.

P

        

 P
P

≤ 
0.

05
; *

* 
0.

05
 <

 P
≤ 

0.
01

; *
**

 P
     Ta

bl
e 

4.

P
 

- 
- 

- 
- 

- 

  

- 
- 

- 
- 

- 

 P
P

≤ 
0.

05
; *

*0
.0

5 
< 

P
≤ 

0.
01

; *
**

 P

Ta
bl

e 
5.

P
 

 P
P

≤ 
0.

05
; *

*0
.0

5 
< 

P
≤ 

0.
01

; *
**

P

74

| CHAPTER 4



   T
ab

le
 3

.

P

        

 P
P

≤ 
0.

05
; *

* 
0.

05
 <

 P
≤ 

0.
01

; *
**

 P
     Ta

bl
e 

4.

P
 

- 
- 

- 
- 

- 

  

- 
- 

- 
- 

- 

 P
P

≤ 
0.

05
; *

*0
.0

5 
< 

P
≤ 

0.
01

; *
**

 P

Ta
bl

e 
5.

P
 

 P
P

≤ 
0.

05
; *

*0
.0

5 
< 

P
≤ 

0.
01

; *
**

P

75

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

Performance 

P 

P 

P P 

P P 

P P 

DISCUSSION 

 

76

| CHAPTER 4



 

Performance 

P 

P 

P P 

P P 

P P 

DISCUSSION 

 

77

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

dEB

 

 

Figure 1. Percentage of excreta total (●) and bound moisture (○) at 36 d of age from birds without dietary Mg 

addition (▲) or fed increasing MgSO A B C

78

| CHAPTER 4



 

dEB

 

 

Figure 1. Percentage of excreta total (●) and bound moisture (○) at 36 d of age from birds without dietary Mg 

addition (▲) or fed increasing MgSO A B C

79

4

MG SOURCES AFFECTING EXCRETA MOISTURE |



 

 

ACKNOWLEDGMENTS 

80

| CHAPTER 4



 

 

ACKNOWLEDGMENTS 

Chapter 5

Evaluation of free water and water activity 

measurements as functional alternatives to total 

moisture content in broiler excreta and litter 

samples

E. van der Hoeven-Hangoor,* C.J. Rademaker,† N.D. Paton,* 

M. W. A. Verstegen,† and W. H. Hendriks†‡

*Cargill Animal Nutrition; †Animal Nutrition Group, Wageningen University; 

and ‡Faculty of Veterinary Medicine

Poultry Science (submitted)



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

Aw

as ‘the fraction of water that can 

force’. Free water indicates the 

ɡ

is, “the ratio of equilibrium 

partial vapor pressure of water in the system to the equilibrium partial vapor pressure of pure 

liquid water at the same temperature” 

 

Salmonella

82

| CHAPTER 5



 

ABSTRACT 

Key words: 

 

 

INTRODUCTION 

Aw

as ‘the fraction of water that can 

force’. Free water indicates the 

ɡ

is, “the ratio of equilibrium 

partial vapor pressure of water in the system to the equilibrium partial vapor pressure of pure 

liquid water at the same temperature” 

 

Salmonella

83

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

NSP

 

 

 

MATERIALS AND METHODS 

Birds and Housing 



 

Experimental Diets 

84

| CHAPTER 5



 

NSP

 

 

 

MATERIALS AND METHODS 

Birds and Housing 



 

Experimental Diets 

85

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

 

CORN

WHEAT

cOH

fOH

lCMC

hCMC

SEP

MgSO4

 

 

 

Table 1. 

500 mg; cyanocobalamin, 20 μg; vitamin α

86

| CHAPTER 5



 

 

CORN

WHEAT

cOH

fOH

lCMC

hCMC

SEP

MgSO4

 

 

 

Table 1. 

500 mg; cyanocobalamin, 20 μg; vitamin α

87

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

Table 2.

 

Data Collection 

FCR

 

 

the jejunum (from the end of the duodenum to Meckel’s 

g

 

Moisture and Aw analysis 

 

88

| CHAPTER 5



 

Table 2.

 

Data Collection 

FCR

 

 

the jejunum (from the end of the duodenum to Meckel’s 

g

 

Moisture and Aw analysis 

 

89

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

Statistical Analysis 

= μ +  

measured for each experimental unit, μ = overall mean for the 





 

  

 

 

RESULTS 

Excreta and litter characteristics 

P

P

P

Table 3.

P
P

90

| CHAPTER 5



 

Statistical Analysis 

= μ +  

measured for each experimental unit, μ = overall mean for the 





 

  

 

 

RESULTS 

Excreta and litter characteristics 

P

P

P

Table 3.

P
P

91

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

P

P

P

P

P

P

P

P

Dissection results 

P

P

P

P P

P

 

 

P

P

Table 4. Water activity ‘A ’ 

– –
– –
– –
– –
– –
– –
– –
– –

P
P

P

92

| CHAPTER 5



 

P

P

P

P

P

P

P

P

Dissection results 

P

P

P

P P

P

 

 

P

P

Table 4. Water activity ‘A ’ 

– –
– –
– –
– –
– –
– –
– –
– –

P
P

P

93

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

Table 5. 

–
–
–
–
–
–
–
–

P
P

P

P

 

 

P

P

Table 6.

P
P

Production performance

P P

P

P

P

P

P

94

| CHAPTER 5



 

Table 5. 

–
–
–
–
–
–
–
–

P
P

P

P

 

 

P

P

Table 6.

P
P

Production performance

P P

P

P

P

P

P

95

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



   Ta
bl

e 
7.

P
P

 

 

DISCUSSION 

96

| CHAPTER 5



   Ta
bl

e 
7.

P
P

 

 

DISCUSSION 

97

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



  

 98

| CHAPTER 5



  

 99

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



  

 100

| CHAPTER 5



  

 101

FEED COMPOSITION AND EXCRETA WATER ACTIVITY |

5



 

ACKNOWLEDGMENTS 

102

| CHAPTER 5



 

ACKNOWLEDGMENTS 

Chapter 6

General discussion



 

INTRODUCTION 

“ ”

“when material covering the floors of poultry houses reaches its 

saturation threshold and is unable to hold more moisture”.

 

 

Chapter 2 through 5

NUTRITIONAL ASPECTS AFFECTING EXCRETA MOISTURE CONTENT 

GIT

104

| CHAPTER 6



 

INTRODUCTION 

“ ”

“when material covering the floors of poultry houses reaches its 

saturation threshold and is unable to hold more moisture”.

 

 

Chapter 2 through 5

NUTRITIONAL ASPECTS AFFECTING EXCRETA MOISTURE CONTENT 

GIT

105

GENERAL DISCUSSION |

6



  Ta
bl

e 
1.

= 
 

= 
= 

↑
 

= 
↑

 
↑

 
= 

= 
 

 
 

 
 

 
 

 
 

 
 

 
↑

 
 

= 
= 

= 
= 

= 
= 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

= 
↑

 
↑

 
↑

 
↑

 / 
= 

= 
↑

 / 
= 

= 
= 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 

 

↑
 

↑
 

 

↑
 

 

↑
 

 
 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 

 

↑
 

↑
 

 

↑
 

 

↑
 

 
 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
= 

 
↓

 
= 

= 
↓

 
↓

 
 

 
 

 
 

 
 

 
 

 
 

 
 

= 
 

↓
 

 
= 

= 
= 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 

= 

 

= 
= 

= 
= 

= 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
= 

 
↑

 
= 

↑
 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
↑

 

 

= 

 

= 
= 

= 
= 

= 

 
 

↑
↓

 

Chapter 2 through 5

P

P

Chapter 5

P

P

Chapter 5 Chapter 2

Chapter 4

CMC

P Chapter 5

P

P

Transit time and osmotic value 

i ii

106

| CHAPTER 6



  Ta
bl

e 
1.

= 
 

= 
= 

↑
 

= 
↑

 
↑

 
= 

= 
 

 
 

 
 

 
 

 
 

 
 

 
↑

 
 

= 
= 

= 
= 

= 
= 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
 

 
 

 
 

 
 

 
 

 
 

= 
↑

 
↑

 
↑

 
↑

 / 
= 

= 
↑

 / 
= 

= 
= 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 

 

↑
 

↑
 

 

↑
 

 

↑
 

 
 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 

 

↑
 

↑
 

 

↑
 

 

↑
 

 
 

↑
 

↑
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
= 

 
↓

 
= 

= 
↓

 
↓

 
 

 
 

 
 

 
 

 
 

 
 

 
 

= 
 

↓
 

 
= 

= 
= 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 

= 

 

= 
= 

= 
= 

= 

 
 

 
 

 
 

 
 

 
 

 
 

 
= 

 
= 

 
↑

 
= 

↑
 

= 
= 

 
 

 
 

 
 

 
 

 
 

 
 

 
↑

 

 

= 

 

= 
= 

= 
= 

= 

 
 

↑
↓

 

Chapter 2 through 5

P

P

Chapter 5

P

P

Chapter 5 Chapter 2

Chapter 4

CMC

P Chapter 5

P

P

Transit time and osmotic value 

i ii

107

GENERAL DISCUSSION |

6



 

P

P

r

P

r

Figure 1. ietary excess of sodium and potassium on daily water consumption (□) and on excreta 

moisture content (■) of 38

Excreta m
oisture, g·kg

-1

W
at

er
 in

ta
ke

, g
·d

-1

Dietary Na level, g·kg-1

E
xcreta m

oisture, g·kg
-1

W
at

er
 in

ta
ke

, g
·d

-1

Dietary K level, g·kg-1

 

Chapter 5 P

P

P

P

P

P

P

Chapter 4

Chapter 5

P

Chapter 3

108

| CHAPTER 6



 

P

P

r

P

r

Figure 1. ietary excess of sodium and potassium on daily water consumption (□) and on excreta 

moisture content (■) of 38

Excreta m
oisture, g·kg

-1

W
at

er
 in

ta
ke

, g
·d

-1

Dietary Na level, g·kg-1

E
xcreta m

oisture, g·kg
-1

W
at

er
 in

ta
ke

, g
·d

-1

Dietary K level, g·kg-1

 

Chapter 5 P

P

P

P

P

P

P

Chapter 4

Chapter 5

P

Chapter 3

109

GENERAL DISCUSSION |

6



 

Figure 2.

Chapter 3

D
ig

es
ta

 m
oi

st
ur

e,
 %

 

 

 

Microbiota in relation to excreta moisture content 

Chapter 3

SCFA

110

| CHAPTER 6



 

Figure 2.

Chapter 3

D
ig

es
ta

 m
oi

st
ur

e,
 %

 

 

 

Microbiota in relation to excreta moisture content 

Chapter 3

SCFA

111

GENERAL DISCUSSION |

6



 

Chapter 2

MCFA

Chapter 2

positive for the birds’ energy balance, leading to improved growth. However, in 

Skřivanová et al., 2005

Entercococcus hirae Lactobacillus 

salivarius L. 

salivarius L. avaiarius L. crispatus

about what a ‘healthy’ microbial composition is composed of is important when studying 

Chapter 2

 

Table 2. 

 

Up-regulated in MCFA group Down-regulated in MCFA group 
Enterobacteriaceae; Citrobacter  Lactobacillaceae; Lactobacillus panis/ponti 
Enterobacteriaceae; Escherichia coli, Shigella  Listeriaceae; Listeria  
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus  
Enterobacteriaceae; E. coli/Shigella Lactobacillaceae; Pediococcus  
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus jensenii/salivarius 
Enterobacteriaceae; Escherichia coli, Shigella Micrococcaceae, Rothia mucilaginosa/nasimuri 
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus  
Lactobacillaceae; Lactobacillus reuteri Lactobacillaceae; Lactobacillus  
Lactobacillaceae; Lactobacillus Enterococcaceae 
Lactobacillaceae; Lactobacillus Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus reuteri 

112

| CHAPTER 6



 

Chapter 2

MCFA

Chapter 2

positive for the birds’ energy balance, leading to improved growth. However, in 

Skřivanová et al., 2005

Entercococcus hirae Lactobacillus 

salivarius L. 

salivarius L. avaiarius L. crispatus

about what a ‘healthy’ microbial composition is composed of is important when studying 

Chapter 2

 

Table 2. 

 

Up-regulated in MCFA group Down-regulated in MCFA group 
Enterobacteriaceae; Citrobacter  Lactobacillaceae; Lactobacillus panis/ponti 
Enterobacteriaceae; Escherichia coli, Shigella  Listeriaceae; Listeria  
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus  
Enterobacteriaceae; E. coli/Shigella Lactobacillaceae; Pediococcus  
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus jensenii/salivarius 
Enterobacteriaceae; Escherichia coli, Shigella Micrococcaceae, Rothia mucilaginosa/nasimuri 
Enterobacteriaceae; Enterobacter  Lactobacillaceae; Lactobacillus  
Lactobacillaceae; Lactobacillus reuteri Lactobacillaceae; Lactobacillus  
Lactobacillaceae; Lactobacillus Enterococcaceae 
Lactobacillaceae; Lactobacillus Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus Lactobacillaceae; Lactobacillus 
Lactobacillaceae; Lactobacillus reuteri 

113

GENERAL DISCUSSION |

6



 

Chapter 2

Chapter 2

Escherichia coli

Clostridium perfringens

composition of a ‘healthy’ commensal flora. Although, a wide range in microbial composition 

 

 

MEASURES TO ASSESS EXCRETA AND LITTER QUALITY

Chapter 4 and 5 Aw Chapter 5

ɡ

Chapter 5

 

Chapter 5

P

P

Chapter 4

P P

Chapter 5

114

| CHAPTER 6



 

Chapter 2

Chapter 2

Escherichia coli

Clostridium perfringens

composition of a ‘healthy’ commensal flora. Although, a wide range in microbial composition 

 

 

MEASURES TO ASSESS EXCRETA AND LITTER QUALITY

Chapter 4 and 5 Aw Chapter 5

ɡ

Chapter 5

 

Chapter 5

P

P

Chapter 4

P P

Chapter 5

115

GENERAL DISCUSSION |

6



 

Chapter 5

Chapter 4 and 5

Figure 3.

× (♦), MgO (▲), and MgCl (■).

CONCLUSIONS 

i ii

Ex
cr

et
a 

fr
ee

 w
at

er
, %

 

Dietary magnesium addition, g·kg-1 

 

Chapter 2

IMPLICATIONS IN A BROADER PERSPECTIVE 

116

| CHAPTER 6



 

Chapter 5

Chapter 4 and 5

Figure 3.

× (♦), MgO (▲), and MgCl (■).

CONCLUSIONS 

i ii

Ex
cr

et
a 

fr
ee

 w
at

er
, %

 

Dietary magnesium addition, g·kg-1 

 

Chapter 2

IMPLICATIONS IN A BROADER PERSPECTIVE 

117

GENERAL DISCUSSION |

6



 

118

| CHAPTER 6



 

References



 

oxide: Influence of age and poultry strain and effect of β

Chromobacterium violaceum

 

Bifidobacterium longum

Escherichia coli

Bifidobacterium 

  

120

| REFERENCES



 

oxide: Influence of age and poultry strain and effect of β

Chromobacterium violaceum

 

Bifidobacterium longum

Escherichia coli

Bifidobacterium 

  

121

REFERENCES |



 

Enterococcus hirae

 
 

 

 

—

Eimeria acervulina
Escherichia coli 

Enterococcus hirae

122

| REFERENCES



 

Enterococcus hirae

 
 

 

 

—

Eimeria acervulina
Escherichia coli 

Enterococcus hirae

123

REFERENCES |



 

Sclerocarya birrea 

  

Lactobacillus salivarius

 

Salmonella

Salmonella 
enteritidis Salmonella typhimurium 

124

| REFERENCES



 

Sclerocarya birrea 

  

Lactobacillus salivarius

 

Salmonella

Salmonella 
enteritidis Salmonella typhimurium 

125

REFERENCES |



 

 

 

Ivoš, J., A. Asaj, L. Marjanović, and Ž. Madžirov. 1966. A contribution to the hygiene of 

Jankowski, J., Z. Zduńczyk, J. Juśkiewicz, and P. Kwieciński. 2011. The effect of diff

Clostridium perfringens 

  

 

Koreleski, J., S. Świątkiewicz, and A. Arczewska Włosek. 2011. The effect of different 

Koreleski, J., S. Świątkiewicz, and A. Arczewska. 2010. The effect of dietary potassium and 

  

126

| REFERENCES



 

 

 

Ivoš, J., A. Asaj, L. Marjanović, and Ž. Madžirov. 1966. A contribution to the hygiene of 

Jankowski, J., Z. Zduńczyk, J. Juśkiewicz, and P. Kwieciński. 2011. The effect of diff

Clostridium perfringens 

  

 

Koreleski, J., S. Świątkiewicz, and A. Arczewska Włosek. 2011. The effect of different 

Koreleski, J., S. Świątkiewicz, and A. Arczewska. 2010. The effect of dietary potassium and 

  

127

REFERENCES |



 

 

 

 

 

128

| REFERENCES



 

 

 

 

 

129

REFERENCES |



 

Salmonella 

Escherichia coli

 
 

 

 
 

Salmonella 

Salmonella

 
 

 

Skřivanová, E., M. Marounek, G. Dlouhá, and J. Kaňka. 2005. Susceptibility of Clostridium 
perfringens

130

| REFERENCES



 

Salmonella 

Escherichia coli

 
 

 

 
 

Salmonella 

Salmonella

 
 

 

Skřivanová, E., M. Marounek, G. Dlouhá, and J. Kaňka. 2005. Susceptibility of Clostridium 
perfringens

131

REFERENCES |



 

 

 

 

 
 

Xylocarpus moluccensis

Gallus 
gallus

132

| REFERENCES



 

 

 

 

 
 

Xylocarpus moluccensis

Gallus 
gallus

133

REFERENCES |



 

Newman, and P. J. Hofer. 1992. Barley β

 

 

134

| REFERENCES



 

Newman, and P. J. Hofer. 1992. Barley β

 

 

135

REFERENCES |



 



 

Summary



 

condition termed “wet litter” can occur. 

“when material covering the floors of 

poultry houses reaches its saturation threshold and is unable to hold more moisture”

 

 

 

Firmicutes Lactobacillus

Enterococcaceae Micrococcaceae

Enterobacteriaceae

138

| SUMMARY



 

condition termed “wet litter” can occur. 

“when material covering the floors of 

poultry houses reaches its saturation threshold and is unable to hold more moisture”

 

 

 

Firmicutes Lactobacillus

Enterococcaceae Micrococcaceae

Enterobacteriaceae

139

SUMMARY |



  

 

i

ii

iii

iv

v

140

| SUMMARY



  

 

i

ii

iii

iv

v

141

SUMMARY |



 



 

Samenvatting



 

vochtgehalte van het strooisel toenemen en kan een conditie genaamd “nat strooisel” 

pluimveestallen te beschrijven, gedefinieerd als ‘wanneer he

houden’. Gewoonlijk wordt natte mest waargenomen wanneer het vochtgehalte in het 

 

 

Firmicutes Lactobacillus

Micrococcaceae Enterococcaceae 

Enterobacteriaceae

144

| SAMENVATTING



 

vochtgehalte van het strooisel toenemen en kan een conditie genaamd “nat strooisel” 

pluimveestallen te beschrijven, gedefinieerd als ‘wanneer he

houden’. Gewoonlijk wordt natte mest waargenomen wanneer het vochtgehalte in het 

 

 

Firmicutes Lactobacillus

Micrococcaceae Enterococcaceae 

Enterobacteriaceae

145

SAMENVATTING |



  

 

i

ii

iii

iv

v

146

| SAMENVATTING



  

 

i

ii

iii

iv

v

147

SAMENVATTING |



 



 

Dankwoord



 

Als meisje had ik een duidelijk idee over ‘wat ik later wilde worden’. Geen zuster of 

“ ”



hebben gaf ik aan ‘ooit’ misschien wel eens een PhD te 

geen maand later belde je me, ik vergeet het nooit meer: “Evelien, wil je dit nu echt, want als 

zo is, dan moeten we aan de noodrem trekken”. Er zijn momenten geweest waarbij ik 

an kon breien. Super als je in zo’n team kunt werken! 

 

 

knowledge by itself, but what makes you ‘one of a kind’ is that you have the capability to 

explain it to a ‘SAS dummy’ like me. And believe it or not, I even liked running the hundreds 

 So “Dankie” 

” ” is ook zo’n groot en 

“ ”

om door te gaan! Weet je nog mam, toen ik vertelde dat ik ging promoveren op ‘poep’, zei je 

“he bah, kon je nou niet wat leukers kiezen??!”. Maar hopelijk heb ik jullie kunnen laten zien 



reflecteren wat ik nu eerst zou gaan doen. Annemarie, hoe fijn was het even ‘een bakkie doen’ 

meiden nog zo’n goede 

150

| DANKWOORD



 

Als meisje had ik een duidelijk idee over ‘wat ik later wilde worden’. Geen zuster of 

“ ”



hebben gaf ik aan ‘ooit’ misschien wel eens een PhD te 

geen maand later belde je me, ik vergeet het nooit meer: “Evelien, wil je dit nu echt, want als 

zo is, dan moeten we aan de noodrem trekken”. Er zijn momenten geweest waarbij ik 

an kon breien. Super als je in zo’n team kunt werken! 

 

 

knowledge by itself, but what makes you ‘one of a kind’ is that you have the capability to 

explain it to a ‘SAS dummy’ like me. And believe it or not, I even liked running the hundreds 

 So “Dankie” 

” ” is ook zo’n groot en 

“ ”

om door te gaan! Weet je nog mam, toen ik vertelde dat ik ging promoveren op ‘poep’, zei je 

“he bah, kon je nou niet wat leukers kiezen??!”. Maar hopelijk heb ik jullie kunnen laten zien 



reflecteren wat ik nu eerst zou gaan doen. Annemarie, hoe fijn was het even ‘een bakkie doen’ 

meiden nog zo’n goede 

151

DANKWOORD |



 



“A dream doesn’t become reality through magic; it takes sweat, determination, and 

hard work” − 

152

| DANKWOORD



 



“A dream doesn’t become reality through magic; it takes sweat, determination, and 

hard work” − 

About the author



 

CURRICULUM VITAE 

 

  

 

 

CURRICULUM VITAE – NL 

 

onderzoek naar ‘ problematiek’ 

 

154

| ABOUT THE AUTHOR



 

CURRICULUM VITAE 

 

  

 

 

CURRICULUM VITAE – NL 

 

onderzoek naar ‘ problematiek’ 

 

155

ABOUT THE AUTHOR |



 

LIST OF PUBLICATIONS 

 

Refereed Scientific Publications 

In ovo
Salmonella

Contributions to Conferences and Symposia 

World’s 

 

 156

| ABOUT THE AUTHOR



 

LIST OF PUBLICATIONS 

 

Refereed Scientific Publications 

In ovo
Salmonella

Contributions to Conferences and Symposia 

World’s 

 

 157

ABOUT THE AUTHOR |



 

campylobacter
campylobacter

.  
 

Other publications 

  

 

 

TRAINING AND SUPERVISION PLAN 

 

Basic package (3 ECTS) 

Scientific exposure (14.3 ECTS) 

International conferences 

Seminars and workshops 

 

Presentations 

158

| ABOUT THE AUTHOR



 

campylobacter
campylobacter

.  
 

Other publications 

  

 

 

TRAINING AND SUPERVISION PLAN 

 

Basic package (3 ECTS) 

Scientific exposure (14.3 ECTS) 

International conferences 

Seminars and workshops 

 

Presentations 

159

ABOUT THE AUTHOR |



 

In-depth studies (6 ECTS) 

Disciplinary and interdisciplinary courses 

Advances statistics courses 

Professional skills support courses (4.5 ECTS)  

Research skills training (6 ECTS) 

Didactic skills training (4 ECTS) 

Education and training total (ECTS) 37.8 

 

  

 

 

COLOPHON 

 

Drawing cover 

Design & layout 

Printing 

 

Support research 

 

 

Support printing 

 

 

 

 

 

 

 

160

| ABOUT THE AUTHOR



 

In-depth studies (6 ECTS) 

Disciplinary and interdisciplinary courses 

Advances statistics courses 

Professional skills support courses (4.5 ECTS)  

Research skills training (6 ECTS) 

Didactic skills training (4 ECTS) 

Education and training total (ECTS) 37.8 

 

  

 

 

COLOPHON 

 

Drawing cover 

Design & layout 

Printing 

 

Support research 

 

 

Support printing 

 

 

 

 

 

 

 





Broiler excreta composition 
and its effect on wet litter

Aspects of nutrition

B
ro

iler ex
creta co

m
p
o
sitio

n
 an

d
 its effect o

n
 w

et litter        E
. v

an
 d

er H
o
ev

en
-H

an
go

o
r

Evelien van der Hoeven – Hangoor

UITNODIGING

Voor het bijwonen van de 
openbare verdediging van 

mijn proefschrift

Broiler excreta 
composition and its 
effect on wet litter

 Aspects of nutrition

Vrijdag 24 januari 2014, 
13:30 uur in de Aula van 
Wageningen Universiteit, 
Generaal Foulkesweg 1a, 

Wageningen

Aansluitend is er een 
receptie in de Aula 

Evelien van der 
Hoeven-Hangoor

Evelien_hangoor@cargill.com

Paranimfen

Laura de Witte

Laurade_witte@hotmail.com
06 4221 8024

Irene Nijmeijer - van de Linde

Irene_van_de_linde@cargill.com 
06 5154 9282

Hangoor, Evelien_omslag.indd   1 02-01-14   09:04


