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Description of the subject.	Dietary	fiber	is	largely	used	in	pig	production	but	some	contradictions	appear	in	the	literature	
regarding	the	effects	on	performance	and	health.	
Objectives.	This	paper	aims	to	contribute	to	the	clarification	of	the	effects	of	a	diet	rich	in	sugar	beet	pulp	on	animal	behavior,	
growth	performance,	carcass	quality	and	gut	health	of	fattening	pigs.
Method. Two	successive	batches	of	24	fattening	pigs	were	each	divided	into	two	groups	fed	ad libitum	either	a	standard	diet	
based	on	cereals	(STD,	19%	NSP	[non-starch-polysaccharides])	or	a	fibrous	diet	based	on	23%	sugar	beet	pulp	(HFD,	31%	
NSP).	
Results. Pigs	activity	rate	and	feeder	occupancy	duration	were	increased	by	57%	and	165%	for	group	fed	HFD,	respectively	
(P	<	0.05).	The	fecal	bacteria	counts	showed	increases	with	HFD	for	Lactobacillus	(10.21	vs	9.84	log10	of	cfu.g

-1	of	feces	dry	
matter,	P	<	0.05)	and	Bifidobacterium	(9.49	vs	8.88,	P	<	0.01)	but	decreases	for	Enterobacteriaceae	(4.85	vs	5.97,	P	<	0.001).	
Reductions	of	the	average	daily	gain	(788	vs	876	g	per	day,	P	<	0.001)	and	the	dressing	percentage	(75.7	vs	78.9%,	P	<	0.001)	
were	observed	with	HFD.	Gastric	 lesion	 score	was	decreased	with	HFD	 (0.82	vs	 1.55,	P	<	0.05).	For	 pigs	 fed	HFD,	 the	
proportion	of	surface	area	occupied	by	goblet	cells	was	increased	in	the	jejunum	(10.06	vs	7.99%,	P	<	0.01)	and	the	number	
of	CD3	lymphocytes	was	increased	in	the	colon	(1.24	vs	0.90.mm-²,	P	<	0.05).	
Conclusions. HFD	contributes	to	strengthen	the	gut	health	of	fattening	pigs,	but	it	impairs	growth	performance	and	carcass	
traits.
Keywords.	Feeding	habits,	growth,	swine,	sugarbeet,	carcass	composition,	dietary	fibres,	digestive	system.

Impact des pulpes de betteraves sur le comportement alimentaire, les performances de croissance, la qualité de carcasse 
et la santé du tube digestif des porcs charcutiers
Description du sujet. Les	fibres	alimentaires	sont	largement	utilisées	en	production	porcine,	mais	des	effets	contradictoires	
sur	les	performances	et	la	santé	apparaissent	dans	la	littérature.
Objectifs. Cet	article	vise	à	clarifier	les	effets	d’un	aliment	riche	en	fibres	sur	le	comportement,	la	croissance,	la	qualité	de	
carcasse	et	la	santé	digestive	de	porcs	charcutiers.	
Méthode. Deux	lots	de	24	porcs	ont	été	divisés	en	deux	groupes	recevant	soit	un	aliment	standard	à	base	de	céréales	(STD,	19%	
glucides	non-amylacés),	soit	un	aliment	riche	en	fibres	avec	23	%	de	pulpes	de	betteraves	(HFD,	31%	glucides	non-amylacés).	
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1. INTRODUCTION

Dietary	fiber	in	pig	production	has	several	advantages.	
It	 is	 a	 relatively	cheap	 raw	material,	 especially	 since	
the	availability	of	numerous	co-products	from	the	agro-
alimentary	and	biofuel	industries.	Fiber	is	also	known	
to	reduce	stereotyped	and	aggressive	behaviors,	and	to	
lower	ammonia	emissions	from	slurry	(Philippe	et	al.,	
2008).	Fiber	impacts	on	pig	growth	and	health	are	more	
contradictory.	Intestinal	fermentation	of	dietary	fibers	
like	sugar	beet	pulp	are	known	to	promote	multiplication	
of	 bacterial	 populations	 such	 as	 Lactobacillus	 and	
Bifidobacterium	that	are	usually	considered	beneficial	
to	 gut	 health,	 partly	 by	 preventing	 colonization	 of	
opportunist	 pathogens	 (Gibson	 et	 al.,	 1995;	 Bilic	
et	 al.,	 2003;	Konstantinov	et	 al.,	 2004).	A	 lower	 risk	
of	 gastric	 ulcers	 has	 also	 been	 observed,	 as	 well	 as	
improved	colonic	mucosal	integrity	(Dirkzwager	et	al.,	
1998;	Nofrarias	 et	 al.,	 2007;	Millet	 et	 al.,	 2010).	All	
these	things	help	to	strengthen	the	digestive	health	and	
protect	against	diarrhea	(Bilic	et	al.,	2003).	Promoting	
gastrointestinal	 tract	 health	 is	 therefore	 expected	 to	
result	in	performance	improvements.	Conversely,	more	
instances	of	diarrhea	and	colitis	are	sometimes	reported	
with	weaned	piglets,	 for	 example	 in	cases	of	 soluble	
fiber	supplementation	which	increases	the	viscosity	of	
the	 digesta	 (Pluske	 et	 al.,	 2002).	 Some	 authors	 have	
noted	deterioration	in	performance	as	a	result	of	energy	
dilution	 of	 fibrous	 diets,	 faster	 intestinal	 transit	 and	
reduced	ingestion	due	to	early	satiety	(Anguita	et	al.,	
2007).	Like	for	gut	health,	effects	on	performance	can	
be	 variable	 according	 to	 the	 origin	 and	 type	 of	 fibre	
(Anguita	et	al.,	2007).

Numerous	 experiments	 dealt	 with	 the	 effects	 of	
fibrous	 diet	 on	 performance	 and	 health,	 but	 many	
controversial	findings	were	 reported	 in	 the	 literature.	
Moreover,	few	of	the	former	studies	combined	several	
types	of	impacts	related	to	dietary	fibers	for	pigs.	Thus,	
this	research	aims	to	contribute	to	the	understanding	of	
the	effects	of	sugar	beet	pulp	on	growth	performance,	
behavior,	 carcass	 quality,	 stomach	 health,	 intestinal	
microbiota	 and	 the	 histomorphology	 of	 the	
gastrointestinal	tract	in	fattening	pigs.

2. MATERIALS AND METHODS

The	 protocol	 was	 approved	 by	 the	 ethics	 committee	
for	 animal	 use	 and	 care	 of	 the	 University	 of	 Liege,	
Belgium,	 in	 compliance	 with	 Directive	 2010/63/EU	
of	the	European	Parliament	and	of	the	Council	of	the	
European	Union.

2.1. Animals, diet and housing conditions

Two	 successive	 batches	 of	 24	Piétrain	x	 Landrace	
fattening	pigs	were	randomly	divided	into	two	groups	
of	12	animals	according	to	age,	body	weight	and	sex	
(sex	ratio	1:1),	and	housed	separately	in	two	identical	
pens	 (volume	 of	 103	m3	 and	 surface	 of	 30	m2).	 The	
males	were	castrated	before	the	age	of	7	days.	The	age	
at	 the	 beginning	 of	 the	 fattening	 period	 was	 95	 and	
88	days	 for	 the	 two	 successive	 batches,	 respectively.	
The	 pigs	were	 fed	ad libitum	with	 the	 same	 diet	 per	
group	during	the	whole	fattening	period	and	received	
either	 a	 standard	 diet	 (STD)	 based	 on	 cereals	 with	
19.0%	 non-starch	 polysaccharides	 (NSP),	 or	 a	
high-fiber	 diet	 (HFD)	 based	 on	 sugar	 beet	 pulp	with	
31.4%	NSP	 (Table 1).	The	 diets	were	 formulated	 by	
a	commercial	company,	with	concerns	 to	balance	 the	
energy	and	the	protein	content	despite	dilution	due	to	
the	dietary	fiber.	According	to	the	InraPorc	program®	
(INRA,	 2006),	 the	 crude	 protein	 content	 was	 16.0	
and	 15.6%	 for	 STD	 and	HFD,	 respectively.	 The	 net	
energy	content	was	8.75	and	8.07	MJ.kg-1,	respectively.	
Assignment	of	the	groups	(STD	or	HFD)	to	the	pens	
was	 interchanged	 for	 replication.	 The	 floors	 of	 the	
pens	were	 fully	slatted.	The	available	area	was	9	m2,	
or	 0.75	m2	 per	 pig.	 A	 controlled	 ventilation	 system	
was	 used	 in	 order	 to	 maintain	 similar	 bioclimatic	
conditions	 in	 both	 pens	 (air	 temperature,	 ventilation	
rate	 and	 relative	 humidity).	 Feeding	 equipment	 was	
composed	of	two	single-spaced	feeders	per	pen	with	an	
integrated	watering	nipple.	Feed	intakes	were	weighted	
for	each	pen.	Meters	(Wateau®,	EEC	approval	n°B02	
314.29)	were	used	to	determine	the	water	consumption	
per	pen.	The	pigs	were	 fattened	 to	 a	body	weight	of	
about	 110	kg.	 The	 date	 of	 slaughter	 was	 determined	

Résultats. Le	taux	d’activité	et	la	durée	d’occupation	des	mangeoires	ont	augmenté	respectivement	de	57	%	et	165	%	avec	
HFD	(P	<	0,05).	Le	comptage	des	bactéries	fécales	a	montré	avec	HFD	une	augmentation	des	Lactobacillus	(10,21	vs	9,84	log10	
de	cfu.g-1	de	matière	sèche,	P	<	0,05)	et	Bifidobacterium	(9,49	vs	8,88,	P	<	0,01),	mais	une	diminution	des	Enterobacteriaceae	
(4,85	vs	5,97,	P	<	0,001).	Le	gain	quotidien	moyen	et	le	rendement	à	l’abattage	ont	été	réduits	avec	HFD	(788	vs	876	g	par	
jour	et	75,7	vs	78,9	%,	P	<	0,001).	Le	score	de	 lésion	gastrique	a	diminué	avec	HFD	(0,82	vs	1,55,	P	<	0,05).	La	surface	
relative	occupée	par	des	cellules	caliciformes	a	été	plus	élevée	dans	le	jéjunum	(10,06	vs	7,99	%,	P	<	0,01)	et	le	nombre	de	
lymphocytes	CD3	(1,24	vs	0,90.mm-²,	P	<	0,05)	plus	élevé	dans	le	colon	avec	HFD.	
Conclusions. L’aliment	HFD	contribue	à	renforcer	la	santé	du	tube	digestif	de	porcs	charcutiers,	mais	détériore	les	paramètres	
de	croissance	et	de	carcasse.
Mots-clés.	Comportement	alimentaire,	croissance,	porcin,	betterave	sucrière,	composition	de	la	carcassse,	fibre	alimentaire,	
tube	digestif.
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taking	into	account	regular	weighings	of	the	pigs	and	
estimation	of	the	growth	curve.	The	pigs	were	fasted	
18	h	before	slaughter.

2.2. Activity rate and feeding behavior

A	video	camera	was	set	up	 in	each	 room	to	film	 the	
whole	pen.	Recordings	were	made	in	the	fourth,	eighth	
and	thirteenth	week	of	fattening	and	during	two	days	
(2	×	24	h)	each	week.	Every	five	minutes	a	frame	was	
frozen	and	the	posture	of	the	pigs	(sitting/standing	or	
lying)	and	occupancy	of	the	two	feeders	were	noted.	
The	 data	 were	 processed	 to	 determine	 the	 animals’	
activity	rates	and	daily	feeding	durations.	The	activity	
rate	 for	 a	 given	 period	was	 determined	 per	 pen	 and	
was	 defined	 as	 the	 ratio	 of	 the	 number	 of	 animals	
standing	or	sitting	to	the	total	number	of	animals.	The	
average	daily	feeding	duration	was	determined	per	pen	
and	was	estimated	by	multiplying	the	daily	occupancy	
rate	 by	 the	 duration	 of	 a	 day,	 assuming	 occupancy	
of	 the	 feeder	 is	 devoted	 to	 feeding	 behavior.	 The	
average	ingestion	rate	was	determined	by	pen	and	was	
calculated	by	dividing	the	feed	intake	by	the	feeding	
duration.	The	data	were	expressed	per	pig	by	dividing	
the	values	by	the	number	of	animals	in	the	pen.	

2.3. Fecal matter characteristics and fecal 
microbiota

At	the	end	of	fattening,	the	day	before	slaughter,	fecal	
matter	 (FM)	was	 taken	from	each	pig’s	 rectal	outlet.	
Measurements	 of	 pH,	 dry	 matter	 (by	 desiccation	 at	
105	°C)	 and	 microbiota	 count	 (Enterobacteriaceae,	
Lactobacillus	and	Bifidobacterium)	were	made	on	each	
sample.	The	culture	media	and	incubation	conditions	
were	 performed	 in	 accordance	 with	 protocols	 of	
Owusu-Asiedu	 et	 al.	 (2006)	 for	 Enterobacteriaceae,	
and	 Dave	 et	 al.	 (1996)	 for	 Lactobacillus	 and	
Bifidobacterium.	

The	results	are	expressed	as	log10	cfu.g
-1	DM	(dry	

matter).

2.4. Zootechnical parameters and carcass traits

The	 pigs	were	weighed	 individually	 at	 the	 start	 and	
at	 the	 end	 of	 the	 fattening	 (no	 fasting	 time	 before	
weighing).	The	second	batch	underwent	intermediate	
weighing	 after	 eight	 weeks	 of	 fattening.	 Ingestion	
parameters	 (feed	 intake,	 water	 intake	 and	 feed	
conversion	 ratio)	 were	 determined	 for	 each	 group.	
The	 carcass	 traits	 were	 measured	 individually	 at	
the	 slaughterhouse	 and	 included	 hot	 carcass	weight,	
dressing	percentage	(calculated	as	ratio	between	 live	
weight	and	hot	carcass	weight),	and	muscle	depth	(M2	
site),	backfat	depth	(G2	site)	and	lean	meat	percentage	
measured	between	 the	3rd	 and	4th	 last	 ribs,	 6	cm	off,	

Table 1. Composition	 of	 standard	 diet	 (STD)	 and	 high-
fiber	diet	 (HFD)	given	 to	 fattening	pigs	—	Composition 
de l’aliment standard (STD) et de l’aliment riche en fibres 
(HFD).

STD HFD
Ingredients (%)
Wheat 32.57 9.64
Sugar	beet	pulp - 23.00
Barley 15.00 15.00
Maize 15.00 15.00
Soya	meal 9.43 12.40
Wheat	bran 10.94 9.18
Rapeseed	meal 6.00 6.00
Malt	rootlets 3.00 3.00
Animal	fat 1.03 1.82
Salt 0.31 0.31
Lime 0.93 0.21
Monocalcium	phosphate - 0.10
Premix 5.79 4.34

Chemical compositiona	(%)
Dry	matter 88.3 88.5
Crude	protein 16.0 15.6
Crude	fat	 3.3 3.9
Crude	ash 8.4 8.0
Starch 38.0 25.0
Sugars 3.6 4.6
Crude	cellulose 4.7 8.1
NSP 19.0 31.4
NDF 17.8 23.4
ADF 6.2 10.0
ADL 1.7 1.8

Net energya	(MJ.kg-1) 8.75 8.07
Ileal digestible amino acidsa 
(g.kg-1)
Lysine 5.64 6.33
Methionine	+	Cysteine 5.24 4.59
Threonine 4.61 4.48
Tryptophan 1.61 1.49

a:	calculated	from	InraPorc®	program	—	calculé au moyen 
du programme InraPorc ®;	NSP:	non-starch	polysaccharides,	
calculated	as	100	-	(moisture	+	CP	+	crude	fat	+	crude	ash	+	
starch	+	sugar)	—	polysaccharides non-amylacés, calculé selon 
la formule : 100 - (humidité + protéine brute + matière grasse 
brute + cendre brute + amidon + sucres);	NDF:	neutral-deter-
gent	fibres	—	fibres insolubles dans un détergent neutre;	ADF:	
acid-detergent	fibres	—	fibres insolubles dans un détergent 
acide;	ADL:	acid-detergent	lignin	—	lignine au détergent acide.
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parallel	to	the	midline	by	Capteur	Gras	Maigre	(CGM,	
Sydel,	France).

2.5. Weight and histomorphology of the 
gastrointestinal tract

The	 gastrointestinal	 tracts	 were	 collected	 and	
identified	 at	 the	 slaughterhouse.	 The	 weight	 of	 the	
gastrointestinal	tract	was	determined	before	and	after	
emptying.	After	 emptying,	 the	 different	 portions	 of	
the	gastrointestinal	tract	(stomach,	small	intestine	and	
caecum/colon)	 were	 weighed	 separately.	 To	 assess	
the	 incidence	 of	 gastric	 ulcers	 the	pars oesophagea 
was	 scored	 for	 lesions	 on	 a	 scale	 of	 0	 (intact)	 to	 3	
(ulcerated),	adapted	from	the	Pig	Health	Monitoring	
Service	 (1989)	 and	 described	 in	 table 2.	 From	
each	 gastrointestinal	 tract	 four	 samples	 of	 intestine	
(1	cm	x	5	cm)	 were	 taken,	 two	 from	 the	 jejunum	
(200	cm	from	the	ileocaecal	junction)	and	two	from	the	
proximal	colon	(30	cm	from	the	ileocaecal	junction).	
Tissue	samples	were	fixed	in	formol	10%,	dehydrated	
and	 embedded	 in	 paraffin	 wax,	 sectioned	 at	 5	μm,	
and	 stained	 with	Alcian	 blue	 for	 mucous	 detection	
according	 to	 routine	 methods	 (Kiernan,	 1990).	 A	
total	of	5	intact,	well-oriented,	crypt-villus	units	were	
selected	 for	 each	 intestinal	 sample	 (10	crypt-villus	
units	per	pig	and	per	intestinal	section).	The	sections	
were	scanned,	digitalized	using	an	imaging	system	for	
virtual	microscopy	(Dotslide,	Olympus,	Belgium),	and	
analyzed	with	a	Java	image	morphometric	processing	
program	 (Image	J	 software,	 National	 Institute	 of	
Health,	 USA).	Morphological	measurements,	 as	 the	
thickness	 of	 the	 different	 layers	 of	 the	 small	 and	
large	 intestinal	 wall,	 villus	 height,	 and	 crypt	 depth,	
were	 performed.	 The	 proportion	 of	 surface	 area	
occupied	 by	 epithelial	 goblet	 cells	 was	 evaluated	
and	 the	 number	 of	 T	 lymphocytes	 localized	 in	 the	
epithelium	and	in	the	lamina	propria	were	determined.	
Briefly,	sections	were	deparaffinised,	rehydrated	and	
treated	 in	 a	 Tris-EDTA	 buffer	 for	 3	×	5	min	 in	 the	
microwave	 oven,	 a	 procedure	 for	 the	 retrieval	 of	
antigens.	 Sections	 were	 rehydrated	 and	 incubated	
for	1	h	at	room	temperature	with	a	rabbit	polyclonal	
anti-human	 CD3	 antibody.	 A	 secondary	 conjugated	
species-specific	immunoglobulin	peroxidase-labelled	
polymer	(Amplification	EnVision	System-horseradish	
peroxidase	 [HRP];	 Dako,	 Glostrup,	 Denmark)	 was	
applied	 for	 30	min	 at	 room	 temperature.	 Peroxidase	
activity	was	revealed	with	9-ethyl-3-aminocarbazole	
(Zymed,	San	Francisco,	California,	USA)	combined	
with	 H2O2	 as	 substrate.	 For	 each	 parameter,	 five	
measurements	were	made	per	 sample	except	 for	 the	
lymphocyte	 count	 (one	 measurement	 per	 sample).	
The	 histomorphological	 study	was	 performed	 under	
blind	conditions,	and	only	on	the	pigs	of	 the	second	
fattening	batch.

2.6. Statistical analyses

For	 the	 behavioral	 parameters	 (with	 group	 as	 the	
experimental	unit),	the	data	were	tested	in	the	form	of	a	
mixed	model	for	repeated	measurements,	including	the	
fixed	effects	of	the	diet	(1	df),	the	week	of	measurement	
(2	df),	 the	 interaction	between	 the	diet	 and	 the	week	
of	measurement	(2	df)	and	the	batch	as	random	effect,	
with	 48	 (24	h	x	2	d)	 successive	 measurements	 per	
week.	 The	 correlation	 between	 measurements	 was	
modelled	using	a	type	1-autoregressive	structure.	

For	 zootechnical	 performance	 and	 fecal	 matter	
characteristics	(with	pig	as	the	experimental	unit),	the	
data	were	tested	in	the	form	of	a	mixed	model,	including	
the	fixed	effects	of	 the	diet	 (1	df),	 the	 sex	 (1	df),	 the	
interaction	between	the	diet	and	the	sex	(1	df),	and	the	
random	effects	of	the	batch	and	the	pig	nested	within	
interaction	of	the	diet,	the	sex	and	the	batch.

For	 consumption	 parameters	 (feed	 intake,	 water	
intake	 and	 feed	 conversion	 ratio,	 with	 group	 as	 the	
experimental	unit),	the	data	were	tested	in	the	form	of	
a	mixed	model,	 including	 the	fixed	effect	of	 the	diet	
(1	df)	and	the	random	effect	of	the	batch.

For	 the	histomorphological	study	(with	pig	as	 the	
experimental	unit),	the	data	were	tested	in	the	form	of	
a	mixed	model,	including	the	fixed	effects	of	the	diet	
(1	df),	 the	sex	(1	df),	 the	interaction	between	the	diet	
and	 the	 sex	 (1	df),	 and	 the	 random	 effect	 of	 the	 pig	
nested	within	interaction	of	the	diet	and	the	sex.

All	statistical	analyses	were	performed	using	SAS	
software	 (SAS	 Institute	 Inc.,	 Cary,	 North	 Carolina,	
USA).	The	presented	values	are	the	least	square	means.

3. RESULTS

3.1. Activity rate and feeding behavior

Because	 of	 a	 technical	 glitch	 the	 data	 from	 the	 first	
batch	 are	missing	 for	week	4.	Both	 activity	 rate	 and	
feeder	 occupancy	 duration	 were	 significantly	 higher	
for	group	fed	HFD	compared	with	STD	with	16.3	vs	
10.4%	 (P	<	0.05)	 and	 103.4	 vs	 63.6	min	 per	 day	 per	
pig	 (P	<	0.01),	 respectively.	 The	 ingestion	 rate	 was	
44%	lower	with	HFD	(21.8	vs	38.8	g.min-1,	P	=	0.09).	
The	evolution	of	the	activity	rate	and	feeding	duration	
throughout	the	fattening	period	(Figure 1)	shows	that	
the	differences	between	the	two	types	of	diet	were	more	
marked	at	the	start	of	fattening,	then	lessened	over	time.	
For	pigs	 fed	HFD,	 activity	 rate	 and	 feeding	duration	
decreased	in	the	course	of	time	while	for	pigs	fed	STD,	
these	were	more	stable.	The	nycthemeral	trend	showed	
a	higher	activity	level	in	the	diurnal	period	(7	h-19	h)	
compared	with	the	nocturnal	period	(19	h-7	h)	for	both	
diets	(Figure 2a):	18.0%	vs	4.1%	on	the	standard	diet	
and	 26.7	 vs	 6.4%	 on	 the	 fiber	 diet.	Activity	 peaked	
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Table 2.	Description	of pars oesophagea	lesion	score	scale	(adapted	from	Pig	Health	Monitoring	Service,	1989)	—	Description 
de l’échelle utilisée pour les scores de lésion de la pars	oesophagea (adapté de Pig Health Monitoring Service, 1989).
Score Comments          Illustration
0 Pavement	epithelium	white	and	shiny	over	the	whole	

oesophagogastric	area	–	normal	oesophageal	opening	into	the	
stomach	(pars oesophagea)	with	a	smooth,	white	epithelium.	
The	size	of	the	areas	stained	yellow	by	bile	varies	(and	may	
even	correspond	to	the	whole	pars oesophagea).

	

1 Hyperkeratinisation	of	the	epithelium,	normally	stained	
yellow	by	bile.	Epithelial	desquamation	and	fissuring	can	
occur.

	

2 Erosions	at	the	junction	of	the	epithelial	and	glandular	areas	
with	incipient	ulceration.	Residual	hyperkeratinisation	with	
extensive	and	almost	complete	desquamation	of	the	yellowed	
epithelium.	Erosions	can	be	pale-coloured	or	red.

	

3 Ulcers.	The	stomach	may	be	filled	with	blood	and,	in	chronic	
cases,	stenosis	(narrowing)	of	the	oesophageal	opening	into	
the	stomach	may	occur.
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twice	during	the	day,	once	around	8	h	and	again	around	
15	h.	The	feeder	occupancy	rate	(Figure 2b)	followed	
the	same	nycthemeral	trend	as	the	activity	rate.

3.2. Fecal matter characteristics and fecal 
microbiota

In	the	case	of	HFD,	a	reduction	in	the	fecal	dry	matter	
content	 was	 observed	 (20.0	 vs	 24.2%;	P	<	0.001)	 as	
well	 as	 a	 lower	 pH	 value	 (6.40	 vs	 6.94;	 P	<	0.001)	
(Table 3).	 As	 regards	 the	 fecal	 microbiota,	 HFD	

resulted	 in	 an	 increase	 in	 Bifidobacterium	 and	
Lactobacillus	 counts	 (9.49	 vs	 8.88	 log10.g

-1	DM;	
P	<	0.01	 and	 10.21	 vs	 9.84	 log10.g

-1	DM;	 P	<	0.05)	
along	with	a	reduction	in	the	Enterobacteriaceae	count	
(4.85	vs	5.97	log10.g

-1	DM;	P	<	0.001).	

3.3. Zootechnical parameters and carcass traits

The	 pigs	 fed	 HFD	 had	 a	 significantly	 lower	 growth	
rate,	 with	 an	 average	 daily	 gain	 (ADG)	 reduced	 by	
more	 than	 10%	 compared	with	 STD	 (Table 4).	 This	
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Figure 2. Nycthemeral	trend	for	activity	rate,	defined	as	the	ratio	of	the	number	of	animals	standing	or	sitting	to	the	total	
number	of	animals	(a),	and	for	feeders	occupancy	rate	(b),	for	fattening	pigs	fed	the	standard	diet	(solid	bars)	or	the	high-fiber	
diet	(open	bars)	(combined	data	of	the	4th,	8th	and	13th	weeks	of	fattening)	—	Évolution nycthémérale du taux d’activité, défini 
comme le rapport entre le nombre d’animaux debout ou assis et le nombre total d’animaux (a) et du taux d’occupation des 
mangeoires (b) de porcs charcutiers nourris avec un aliment standard (en noir) ou un aliment enrichi en fibres (en blanc) 
(données combinées des 4e, 8e et 13e semaines d’engraissement).

Figure 1.	Activity	rate,	defined	as	the	ratio	of	the	number	of	animals	standing	or	sitting	to	the	total	number	of	animals	(a),	and	
feeding	duration	per	pig	(b),	for	fattening	pigs	fed	the	standard	diet	(solid	bars)	or	the	high-fiber	diet	(open	bars)	between	the	
4th,	8th	and	13th	weeks	of	fattening	—	Taux d’activité, défini comme le rapport entre le nombre d’animaux debout ou assis et 
le nombre total d’animaux (a) et durée d’ingestion (b) de porcs charcutiers nourris avec un aliment standard (en noir) ou un 
aliment enrichi en fibres (en blanc) lors des 4e, 8e et 13e semaines d’engraissement.

a,	b,	c,	d:	bars	with	different	letters	significantly	differ	(P	<	0.10)	—	les barres avec des lettres différentes diffèrent significativement 
(P < 0,10).
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result	 was	 associated	with	 a	 reduction	 of	
9%	 in	 the	 quantity	 of	 feed	 ingested	 and	
an	 increase	 of	 2%	 in	 the	 feed	 conversion	
ratio	 (FCR)	 (Table 5).	 However,	 these	
two	 ingestion	 parameters,	 measured	 per	
group,	 were	 statistically	 similar	 for	 both	
diets,	 contrarily	 to	 water	 consumption	
that	 was	 significantly	 increased	 by	 19%	
with	 HFD	 (P	<	0.05).	 The	 intermediate	
weighing	in	the	second	batch	showed	that	
pigs	fed	HFD	grew	more	slowly	in	the	first	
phase	of	fattening	(from	day	0	to	day	57)	
compared	with	STD	(ADG:	676	vs	757	g.d-1;	
P	=	0.08),	 but	 no	 significant	 differences	
were	 observed	 in	 the	 second	 phase	 of	
fattening	(up	 to	day	90),	with	an	ADG	of	
850	g.d-1	for	both	groups.

With	 HFD,	 the	 slaughtering	 data	
showed	 a	 drop	 in	 carcass	weight	 of	 11%	
along	 with	 a	 lower	 dressing	 percentage.	
Since	 a	 reduction	 in	muscle	 thickness	 of	
6.5%	was	 associated	 with	 a	 reduction	 in	
backfat	thickness	of	18%	for	HFD	pigs,	the	
lean	meat	percentage	was	similar	for	both	
diets,	around	61.3%.

3.4. Weight and histomorphology of the 
gastrointestinal tract

In	 the	 pigs	 fed	 HFD,	 all	 the	 digestive	
compartments	 and	 the	 contents	 were	
heavier	 compared	with	 the	 pigs	 fed	 STD	
(Table 6).	The	 relative	weight	 (expressed	
as	%	of	live	weight)	of	the	gastrointestinal	
tract	(GIT)	and	the	digesta	were	18%	and	
38%	 higher	 with	 HFD	 compared	 with	
STD,	respectively.	The	section	of	greatest	
difference	was	 the	 stomach	 (+	45%).	The	
weight	of	the	small	and	large	intestines	was	
not	 significantly	 affected	 by	 the	 dietary	
fibre	 content	 (P	>	0.05).	 The	 empty	 GIT	
represented	4.80%	of	the	total	live	weight	
with	HFD	 against	 4.06%	with	 STD.	The	
stomach	 accounted	 for	 0.71%	 and	 0.49%	
of	the	total	live	weight,	respectively.

The	 total	 jejunum	 wall	 tended	 to	 be	
thicker	 in	 the	 pigs	 fed	 HFD	 compared	
with	 STD	 (1,282	 vs	 1,422	µm;	P	<	0.10)	
(Table 7).	This	is	mainly	due	to	the	greater	
thickness	 of	 the	 muscularis	 (+	106	µm).	
The	 submucosa,	 the	Muscularis mucosae	
and	 the	 mucosa	 showed	 no	 significant	
differences	 between	 the	 two	 diets,	 the	
average	 thickness	 being	 167,	 26	 and	
751	µm	 respectively.	 Likewise,	 the	 crypt	
depths	and	villus	heights	were	identical	in	

Table 3.	 Faecal	 matter	 characteristics	 and	 faecal	 microbiota	 of	
fattening	 pigs	 fed	 the	 standard	 diet	 (STD)	 or	 the	 high-fiber	 diet	
(HFD)	—	Caractéristiques des matières fécales et du microbiote fécal de 
porcs charcutiers nourris avec un aliment standard (STD) ou un aliment 
enrichi en fibres (HFD).

STD	
(n	=	24)

HFD	
(n	=	24)

SEM Sign.

Dry	matter	(%) 24.2 20.0 0.4 ***
pH 6.94 6.40 0.14 ***
Bifidobacterium	(log10.g

-1	DM) 8.88 9.49 0.14 **
Lactobacillus	(log10.g

-1	DM) 9.84 10.21 0.13 *
Enterobacteriaceae	(log10.g

-1	DM) 5.97 4.85 0.21 ***
Lactobacillus/Enterobacteriaceae 1.66 2.19 0.14 ***
SEM:	standard	error	of	the	means	—	erreur standard des moyennes;	Sign.:	
significance	—	importance;	*:	P	<	0.05;	**:	P	<	0.01;	***:	P	<	0.001.

Table 4.	Zootechnical	performances	and	carcass	traits	of	fattening	pigs	
fed	the	standard	diet	(STD)	or	the	high-fiber	diet	(HFD)	—	Performances 
zootechniques et caractéristiques de carcasse de porcs charcutiers 
nourris avec un aliment standard (STD) ou un aliment enrichi en fibres 
(HFD).

STD
(n	=	24)

HFD	
(n	=	24)

SEM Sign.

Initial	weight	(kg) 35.4 35.2 1.2 NS
Final	weight	(kg) 117.1 108.6 7.8 ***
Average	daily	gain	(g.d-1) 876 788 68 ***
Hot	carcass	weight	(kg) 92.3 82.2 5.7 ***
Dressing	(%) 78.9 75.7 0.3 ***
Muscle	thickness	(mm) 66.2 62.0 1.6 *
Backfat	thickness	(mm) 13.8 11.3 0.8 *
Lean	meat	(%) 60.4 62.1 0.8 NS
SEM:	standard	error	of	the	means	—	erreur standard des moyennes;	Sign.:	
significance	—	importance;	NS:	P	>	0.05;	t:	P =	0.06;	*:	P	<	0.05;	
**:	P	<	0.01;	***:	P	<	0.001.

Table 5.	 Dietary	 consumption	 of	 fattening	 pigs	 fed	 the	 standard	 diet	
(STD)	or	the	high-fiber	diet	(HFD)	—	Consommations alimentaires de 
porcs charcutiers nourris avec un aliment standard (STD) ou un aliment 
enrichi en fibres (HFD).

STD
(n	=	2)

HFD	
(n	=	2)

SEM Sign.

Feed	intake	(kg	per	day) 2.47 2.26 0.17 NS
Feed	conversion	ratio	(kg	per	kg) 2.82 2.88 0.03 NS
Water	consumption	(l	per	day) 3.64 4.34 0.15 *
																																(l.kg-1	feed) 1.48 1.92 0.05 *
NSP	ingested	(g	per	day) 445 679 37 **
SEM:	standard	error	of	the	means	—	erreur standard des moyennes;	Sign.:	
significance	—	importance;	NS:	P	>	0.05;	t:	P	=	0.06;	*:	P	<	0.05;	**:	
P	<	0.01;	***:	P	<	0.001	;	NSP:	non-starch	polysaccharides	—	glucides non-
amylacés.
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the	two	groups	at	about	230	and	414	µm,	
respectively.	 Within	 a	 defined	 zone,	 the	
goblet	cells	covered	a	larger	area	in	the	case	
of	the	fiber	diet	(10.06	vs	7.99%;	P	<	0.01).	
The	number	of	CD3	lymphocytes	did	not	
differ	significantly	between	diets,	at	about	
1.19	lymphocytes	per	mm2.

In	the	colon,	 the	submucosa	tended	to	
be	less	thick	with	HFD	(171.0	vs	227.2	µm;	
P	<	0.10).	The	total	wall	thickness	and	the	
thickness	of	the	other	colon	layers	did	not	
differ	significantly	according	to	the	dietary	
fiber	 content.	 Likewise,	 the	 crypt	 depths	
and	 the	 proportion	 of	 goblet	 cells	 were	
similar	 for	 the	 two	 diets	 at	 330	µm	 and	
5.9%	of	 the	area	covered	by	goblet	cells,	
respectively.	 The	 lymphocyte	 count	 was	
significantly	higher	in	the	pigs	on	the	fiber	
diet	(1.24	vs	0.90;	P	<	0.05).	

In	regards	to	gastric	ulcers,	a	significant	
reduction	 in	 the	 pars oesophagea	 lesion	
score	was	noted	with	the	fiber	diet	(0.82	vs	
1.55;	P	<	0.05).

4. DISCUSSION

The	 slower	 growth	 rate	 of	 the	 pigs	 fed	
HFD	was	associated	to	the	higher	FCR	and	
lower	 feed	 consumption.	 The	 difference	
was	more	pronounced	during	the	growing	
phase,	 whereas	 during	 the	 finishing	
phase	 the	 ADG	 remained	 the	 same	 for	
both	 treatments.	 Other	 studies	 have	
also	 reported	 a	 decline	 in	 performance,	
generally	 limited	 to	 the	 growing	 period	
(Anguita	 et	 al.,	 2007;	 Bruininx	 et	 al.,	
2009).	For	instance,	Bruininx	et	al.	(2009)	
showed	 that	 introducing	 10%	 sugar	 beet	
pulp	into	the	diet	increased	the	FCR	during	
the	growing	period	(from	25	to	45	kg)	but	
not	 during	finishing	 (from	45	 to	 110	kg).	
However,	 a	 dose	 effect	 was	 noted	 since	
introducing	5%	sugar	beet	pulp	improved	
the	FCR	in	both	the	growing	and	finishing	
phases.	Other	studies	have	also	concluded	
that	a	high-fiber	diet	has	no	adverse	effects	
on	pig	performance	either	at	 the	growing	
or	 finishing	 stages	 although	 NE	 content	
was	diluted	due	to	introduction	of	fibrous	
feedstuff	 (Lizardo	 et	 al.,	 1997;	 Galassi	
et	 al.,	 2010).	 With	 equal	 NE	 contents,	
Millet	et	al.	(2010)	obtained	no	significant	
differences	 in	 feed	 consumption,	 ADG	
or	 FCR	 whereas	 up	 to	 20%	 sugar	 beet	
pulp	 was	 introduced	 into	 the	 feed	 of	

Table 6.	Relative	weight	of	 the	gastrointestinal	 tract	of	 fattening	pigs	
fed	the	standard	diet	(STD)	or	the	high-fiber	diet	(HFD)	—	Poids relatif 
du tube digestif de porcs charcutiers nourris avec un aliment standard 
(STD) ou un aliment enrichi en fibres (HFD).

STD
(n	=	12)

HFD
(n	=	12)

SEM Sign.

in	%	LW	(in	%	full	GIT)
Stomach 0.49	(8.7) 0.71	(10.2) 0.16 ***
Small	intestine 1.81	(31.9) 2.05	(29.1) 0.08 NS
Large	intestine 1.75	(31.1) 2.04	(29.0) 0.10 NS
Empty	GIT 4.06	(71.5) 4.80	(68.1) 0.11 ***
Digesta	 1.62	(28.5) 2.23	(31.9) 0.16 *
Full	GIT 5.67	(100.0) 7.03	(100.0) 0.17 ***
SEM:	standard	error	of	the	means	—	erreur standard des moyennes;	Sign.:	
significance	—	importance;	NS:	P	>	0.05;	*:	P	<	0.05;	**:	P	<	0.01;	***:	
P	<	0.001;	LW:	live	weight	—	poids vif;	GIT:	gastrointestinal	tract	—	tractus 
gastro-intestinal.

Table 7.	 Histomorphology	 of	 the	 jejunum	 and	 the	 colon	 and	 pars	
oesophagea	lesion	score	of	fattening	pigs	fed	the	standard	diet	(STD)	or	
the	high-fiber	diet	(HFD)	—	Histomorphologie du jéjunum et du colon, 
et score lésionnel de la pars	 oesophagea	de porcs charcutiers nourris 
avec un aliment standard (STD) ou un aliment enrichi en fibres (HFD).

STD 
(n	=	12)

HFD	
(n	=	12)

SEM Sign.

Jejunum
Total	wall	(µm) 1281.7 1422.4 54.3 t
Muscularis	(µm) 345.5 451.7 29.3 *
Submucosa	(µm) 164.3 168.8 13.5 NS
Muscularis mucosae	(µm) 26.2 26.4 1.8 NS
Mucosa	(µm) 743.4 759.2 27.9 NS
Villus	height	(µm) 403.2 424.3 13.7 NS
Crypt	depth	(µm) 228.9 230.7 12.3 NS
Goblet	cells	(%) 7.99 10.06 0.45 **
Lymphocytes	(n.mm-2) 1.11 1.27 0.12 NS
Colon
Total	wall	(µm) 868.8 845.0 56.6 NS
Muscularis	(µm) 203.9 219.4 17.4 NS
Submucosa	(µm) 227.2 171.0 21.6 t
Muscularis mucosae	(µm) 16.2 17.3 1.1 NS
Mucosa	(µm) 405.0 430.3 21.1 NS
Crypt	depth	(µm) 325.1 335.0 15.4 NS
Goblet	cells	(%) 5.63 6.15 0.40 NS
Lymphocytes	(n.mm-2) 0.90 1.24 0.09 *
Lesion	score	(pars oesophagea) 1.55 0.82 0.24 *
SEM:	standard	error	of	the	means	—	erreur standard des moyennes;	Sign.:	
significance	—	importance;	NS:	P	>	0.05;	t:	P	<	0.10;	*:	P	<	0.05;	**:	P	<	0.01;	
***:	P	<	0.001.
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pigs	 fattened	from	20	 to	105	kg.	An	optimum	would	
therefore	need	to	be	found	in	regards	to	the	ration	of	
fiber	content,	which	depends	on	 the	fiber	source,	 the	
age	of	the	pigs	and	their	ability	to	adapt	to	a	high-fiber	
diet.

Former	 experiments	 about	 feeding	behavior	 have	
shown	 that	 fattening	 pigs	 could	 compensate	 energy	
dilution	of	fibrous	diets	by	spending	more	time	eating	
with	 similar	 feed	 intake,	 whatever	 the	 fiber	 content	
(Schrama	et	al.,	1998;	Kallabis	et	al.,	2012).	Moreover,	
the	 increased	 eating	 time	 and	 lower	 energetic	
utilization	 of	 fibrous	 diet	 can	 be	 counterbalanced	
by	 the	 pigs	 by	 reducing	 their	 physical	 activity,	 as	
a	 potential	 consequence	 of	 better	 satiety	 (Schrama	
et	 al.,	 1998).	These	findings	 are	 in	opposition	 to	 the	
results	 of	 the	 present	 study.	 Indeed,	 the	 increase	 in	
the	feeding	duration	(+	60%)	was	associated	with	the	
reduction	 in	 the	 quantity	 of	 feed	 consumed	 (-	9%),	
resulting	in	a	lower	feeding	rate	(defined	as	the	ratio	
between	feed	intake	and	feeding	duration).	Moreover,	
the	 activity	 rate	 of	 HFD	 groups	 was	 also	 increased	
(16.3	vs	10.4%).	This	can	be	partly	explained	by	the	
higher	 feeding	 duration	 that	 corresponds	 to	 4.4	 and	
7.2%	 of	 the	 time	 for	 STD	 and	 HFD,	 respectively.	
Similar	 nycthemeral	 profiles	 of	 activity	 and	 feeders	
occupancy	 rates	 (Figure 2)	 illustrate	 the	 fact	 that	
standing	activity	is	highly	devoted	to	feeding	behavior.	
Standing/sitting	pigs	that	are	waiting	around	the	feeder	
for	their	meal	also	contribute	to	total	activity.	Besides,	
increased	feeding	duration	with	fibrous	diets	has	to	be	
considered	to	determine	the	number	of	feeders	per	pen.	
In	 this	 experiment,	 the	 daily	 feeders	 occupancy	 rate	
was	around	43%	in	the	HFD	pen	but	higher	than	75%	
during	6	h	of	the	day.	Thus,	increasing	the	number	of	
pigs	per	feeder	should	be	avoided	to	prevent	a	greater	
waiting	 time	 before	 eating	 and	 potential	 aggressive	
behaviors	between	pigs.

The	 lower	 feeding	 rate	 could	 be	 attributed	 to	
lower	palatability	of	fiber	diets	(Philippe	et	al.,	2008).	
Double	choice	tests	have	shown	the	animals	to	display	
a	marked	preference	for	cereal-based	diet	rather	than	
high-fiber	diet	(Sola-Oriol	et	al.,	2011).	Another	reason	
for	 the	 drop	 in	 feeding	 motivation	 may	 be	 that	 the	
animal	is	more	quickly	satiated	on	a	fiber	diet	(Philippe	
et	 al.,	 2008).	For	 the	 same	energy	 supply,	 high-fiber	
diets	 fill	 greater	 volume	 and	 are	 generally	 coarser	
with	a	high	water	retention	capacity.	Thus,	it	increases	
the	time	spent	on	picking	up	and	chewing,	stimulates	
digestive	 secretions,	 promotes	 repletion	 by	 gastro-
intestinal	distension	and	delay	 feedback	mechanisms	
that	 regulate	 feed	 intake	 (Anguita	 et	 al.,	 2007).	
However,	 the	impact	on	feeding	motivation	could	be	
transitory.	Indeed,	the	effect	on	palatability	can	change	
over	time,	with	the	initial	aversion	to	high-fiber	diets	
possibly	being	merely	temporary.	Moreover,	metabolic	
adaptation	mechanisms	and	the	increased	capacity	of	

the	GIT	are	thought	to	progressively	increase	voluntary	
intake.	In	this	study,	the	weight	of	the	digestive	tract	
and	 its	 contents	 was	 significantly	 higher	 with	 HFD.	
Previous	studies	showed	that	the	effect	is	usually	most	
pronounced	in	the	stomach	and	colon,	and	appears	to	
be	little	effect	on	the	small	intestine	(Libao-Mercado	
et	 al.,	 2007;	 Hermes	 et	 al.,	 2009;	 Montagne	 et	 al.,	
2014).	In	the	present	experiment,	whereas	the	weight	
of	the	rest	of	the	GIT	was	not	significantly	affected	by	
the	fiber	content,	the	relative	stomach	weight	increased	
by	45%	compared	with	the	standard	diet.	Despite	this	
increase,	the	global	feed	intake	was	not	greater	in	the	
pigs	fed	HFD.	Unfortunately,	the	experimental	design	
did	not	allow	 to	examine	 the	 intake	 trend	over	 time.	
But	similar	ADG	measured	for	both	groups	at	the	end	
of	 the	 fattening	 stage	 reflected	 the	 adaptation	by	 the	
GIT	 to	 the	 high-fiber	 diet.	 The	 lower	 proportional	
weight	of	the	GIT	observed	with	STD	could	also	reflect	
the	decrease	of	the	relative	contribution	of	viscera	to	
whole	 body	 weight	 with	 pig’s	 growth,	 as	 reported	
by	 Barea	 et	 al.	 (2006).	 Indeed,	 the	 body	 weight	 at	
slaughter	of	STD	pigs	was	higher	than	HFD	pigs	as	a	
result	of	faster	growth	rate.	This	contributes	to	explain	
the	lower	relative	weight	of	the	GIT.

The	 drop	 in	 growth	 performance	with	HFD	may	
also	 be	 attributed	 to	 the	 reduced	 net	 energy	 intake	
(-	16%).	 Moreover,	 decline	 in	 nutrient	 digestibility	
was	 frequently	 observed	 with	 rations	 rich	 in	 sugar	
beet	pulp	regarding	dry	matter,	organic	matter,	crude	
proteins,	fat	and	energy	(Zhang	et	al.,	2013).	Increased	
mucus	 secretion	 accelerates	 the	 transit,	 reduces	 the	
accessibility	 of	 digestive	 enzymes	 and	 increases	
endogenous	 losses	 (Libao-Mercado	 et	 al.,	 2007).	
This	may	be	partly	offset	by	changes	 in	 the	size	and	
morphology	of	the	gastrointestinal	tract.	Other	factors	
such	 as	 the	 fiber	 lignification	 rate,	 fiber	 solubility,	
interaction	 with	 other	 nutrients,	 feeding	 level,	 live	
weight	 and	 the	 animals’	 physiological	 state	 can	 also	
impact	 upon	 the	 digestibility	 of	 the	 various	 feed	
components	(Le	Goff	et	al.,	2002).

With	 regard	 to	slaughtering	data,	 literature	seems	
to	indicate	that	the	dietary	fiber	content	has	little	effect	
on	most	carcass	traits	(Magistrelli	et	al.,	2009;	Galassi	
et	al.,	2010;	Smit	et	al.,	2014).	The	only	result	reported	
in	various	studies	is	a	drop	in	the	dressing	percentage	
(Lizardo	et	al.,	1997;	Bruininx	et	al.,	2009;	Magistrelli	
et	al.,	2009).	The	greater	weight	of	the	gastrointestinal	
tract	and	its	contents	is	put	forward	as	an	explanation	
for	this	result	(Lizardo	et	al.,	1997;	Magistrelli	et	al.,	
2009).	The	reduced	body	weight	at	slaughter,	as	 this	
is	the	case	for	HFD	pigs,	could	also	explain	the	lower	
dressing	percentage	as	reflecting	the	evolution	of	the	
metabolic	activity	in	regards	to	the	pigs’	age	(Correa	
et	al.,	2006;	Cerisuelo	et	al.,	2010).	The	difference	in	
carcass	 weight	 could	 also	 explain	 the	 difference	 in	
carcass	 composition.	 Indeed,	 authors	 have	 reported	
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that	 higher	 carcass	weight	 due	 to	 faster	 growth	 rate	
is	associated	with	 increased	fat	deposition	and	lower	
lean	deposition	(Correa	et	al.,	2006;	Cerisuelo	et	al.,	
2010;	Trefan	et	al.,	2013).

Water	content	of	 the	feces	was	higher	with	HFD,	
as	a	 result	of	 the	presence	of	undigested	fiber	 in	 the	
feces,	 the	 lower	 digestibility	 of	 other	 nutrients	 and	
the	 fiber’s	 water	 retention	 capacity.	 The	 lower	 pH	
of	 feces	 measured	 with	 HFD	 was	 explained	 by	 the	
higher	 volatile	 fatty	 acid	 production	 associated	with	
fiber	fermentation	in	 the	colon	(Anguita	et	al.,	2007;	
Lynch	 et	 al.,	 2008;	Hermes	 et	 al.,	 2009;	 Ivarsson	 et	
al.,	2014).	With	feed	containing	8%	sugar	beet	pulp,	
Anguita	 et	 al.	 (2007)	 showed	 a	 drop	 in	 rectal	 pH	
from	6.30	 to	6.11	and	an	 increase	 in	colonic	volatile	
fatty	 acid	 (VFA)	 from	 107	 to	 119	μmol.g-1	 digesta,	
compared	with	lower	fiber	content	feed.	Nevertheless,	
it	 should	 be	 noted	 that	 the	 pH	 value	 is	 not	 directly	
linked	 to	VFA	production.	Other	 parameters	 such	 as	
ion	absorption,	buffering	capacity	of	 the	digesta	 and	
the	use	of	acids	in	the	intestine	also	affect	 this	value	
(Pluske	et	al.,	2002).	Anyway,	a	lower	pH	has	proved	
advantageous	 in	 regards	 to	 digestive	 tract	 health,	 by	
creating	unfavorable	conditions	for	certain	pathogens	
like	 spirochetes	 and	 specifically	 Brachyspira 
hyodysenteriae,	which	causes	 swine	dysentery	 (Bilic	
et	al.,	2003).	

Regarding	 fecal	microbiota,	HFD	was	 associated	
with	 increased	 numbers	 of	 Bifidobacterium	 and	
Lactobacillus,	 considered	 beneficial	 to	 GIT	
health,	 along	 with	 a	 reduction	 in	 the	 number	 of	
Enterobacteriaceae,	comprising	several	potential	GIT	
pathogens	(Gibson	et	al.,	1995).	The	differences	were	
statistically	significant	but	the	absolute	values	differed	
only	 by	 about	 1	log10.	 Thus,	 the	 results	 have	 to	 be	
taken	 cautiously.	 Nevertheless,	 it	 confirms	 former	
studies.	 Indeed,	 previous	 experiments	 showed	 that	
the	addition	of	sugar	beet	pulp	to	the	diet	was	found	
to	 increase	 the	 Lactobacillus	 population	 and	 reduce	
the	 coliform	 population	 (Konstantinov	 et	 al.,	 2004;	
Hermes	 et	 al.,	 2009).	These	 effects	 help	 to	 stabilize	
the	 intestinal	microbiota	by	 increasing	 the	 resistance	
to	 colonization	 by	 pathogenic	 bacteria.	 Thus,	 high-
fiber	diets	provide	greater	protection	against	diarrhea	
(Bilic	et	al.,	2003).	Conversely,	the	addition	of	highly	
fermentable,	soluble,	viscous	fibers	such	as	guar	gum	is	
considered	to	stimulate	the	proliferation	of	pathogenic	
strains	of	Escherichia coli,	or	the	occurrence	of	swine	
dysentery	 (Thomsen	 et	 al.,	 2007;	 Wellock	 et	 al.,	
2008).	The	type	of	fiber	therefore	plays	an	important	
role	 in	 the	 intestinal	microbiota	 response.	Moreover,	
the	feed	protein	content	also	intervenes	with	the	fiber	
with	 respect	 to	 bacterial	 populations	 since	 protein	
fermentation	 in	 the	 digestive	 tract	 can	 increase	 the	
risk	of	intestinal	dysbiosis	and	pathogen	proliferation	
(Hermes	et	al.,	2009;	Chen	et	al.,	2014).	

The	 histomorphology	 of	 the	 digestive	 tract	 was	
also	 modified	 by	 introducing	 fiber	 into	 the	 diet.	 In	
our	 experiment,	 an	 increase	 in	 muscularis	 thickness	
and	 a	 higher	 goblet	 cell	 count	 in	 the	 jejunum	 were	
observed,	 along	 with	 an	 increase	 in	 the	 colon	 wall	
lymphocyte	 count.	 Crypt	 depth	 and	 villus	 height	
appeared	unaffected	by	the	fiber	content.	The	literature	
reports	contradictory	results	for	the	effects	of	fiber	on	
these	 parameters.	 For	 example,	 some	 authors	 noted	
an	 increase	 in	 villus	 height	 and	 crypt	 depth	 (Libao-
Mercado	 et	 al.,	 2007;	 Serena	 et	 al.,	 2007),	 whereas	
others	 reported	 a	 reduction	 (Pluske	 et	 al.,	 2002;	
Martinez-Puig	et	al.,	2007).	According	 to	Hedemann	
et	al.	(2006)	the	degree	of	solubility	of	 the	fiber	was	
thought	 to	 affect	 crypt	 and	 villus	 response,	 with	
insoluble	 fiber	 promoting	 growth.	 Insoluble	 fiber	 is	
also	thought	to	stimulate	mucus	production.	However,	
these	statements	have	not	been	verified	in	every	case	
(Libao-Mercado	 et	 al.,	 2007;	 Serena	 et	 al.,	 2007).	
The	fermentation	products,	chiefly	VFA,	also	 impact	
directly	 upon	 epithelium	 morphology.	 For	 instance,	
butyrate	is	the	preferred	energy	source	for	colonocytes.	
It	 contributes	 to	 epithelium	 maturation,	 inhibits	
apoptosis	 of	 the	 colon	 crypt	 cells,	 stimulates	mucus	
production	and	limits	lymphocyte	proliferation	in	the	
epithelium	(Martinez-Puig	et	al.,	2007).	Studies	have	
shown	sugar	beet	pulp	fermentation	to	reduce	butyrate	
formation	 and	 benefit	 acetate	 (Anguita	 et	 al.,	 2007;	
Lynch	et	 al.,	 2008).	Comparing	 two	diets	 containing	
0	and	20%	sugar	beet	pulp,	respectively,	Lynch	et	al.	
(2008)	observed	an	alteration	of	VFA	proportion	with	
a	 reduction	of	butyric	acid	 level	 (13	vs	17%)	and	an	
increase	of	the	acetic	acid	level	(61	vs	54%).	That	serves	
to	account	for	the	higher	lymphocyte	count	observed	
in	the	colon	wall.	Nofrarias	et	al.	(2007)	suggested	that	
this	increase	in	lymphocyte	number	could	be	linked	to	
greater	exposure	to	bacterial	antigens,	a	sign	of	more	
diversified	intestinal	microbiota.	

The	 pars oesophagea	 lesion	 scores	 were	 signifi-
cantly	lower	when	pigs	fed	HFD,	which	is	in	agreement	
with	literature.	By	adding	5%	whole	sunflower	hulls,	
Dirkzwager	 et	 al.	 (1998)	 reduced	 the	 number	 and	
severity	 of	 oesophagogastric	 lesions.	 Likewise,	 the	
addition	 of	 sugar	 beet	 pulp	 reduced	 the	 incidence	
of	 lesions	 by	 43%	 in	 fattening	 pigs	 (Bruininx	 et	 al.,	
2009).	 Fiber,	 being	 generally	 coarser,	 is	 thought	 to	
act	by	stabilizing	the	feed	layers	in	the	stomach,	thus	
limiting	 digesta	 fluidity,	 reflux	 and	 contact	 between	
irritants	(H+	and	bile	acids)	and	the	pars oesophagea	
(Dirkzwager	et	al.,	1998).	Several	studies	have	shown	
the	need	 for	 a	high-fiber	diet	 to	be	combined	with	a	
coarser	texture,	as	coarse	feed	with	a	low	fiber	content	
and	conversely	fine	texture	with	high-fiber	feed	do	not	
reduce	 the	 incidence	 of	 gastric	 lesions	 (Dirkzwager	
et	al.,	1998;	Millet	et	al.,	2010).	Fiber	is	also	thought	
to	 stimulate	 the	 stomach	 wall	 and	 the	 intensity	 of	
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the	 blood	 flow	 through	 it,	 consequently	 limiting	 the	
transient	 ischemia	involved	in	the	aetiology	of	ulcers	
(Dirkzwager	 et	 al.,	 1998).	 Usually,	 the	 reduction	 of	
gastric	 lesions	 is	 associated	 with	 better	 performance	
since	 inflammation,	 pain	 and	 stress	 due	 to	 ulcers	
could	reduce	the	feed	intake	(Dirkzwager	et	al.,	1998).	
However,	 only	 severe	 gastric	 lesions	 seem	 to	 impair	
performance	(Dirkzwager	et	al.,	1998)	whereas	some	
authors	 did	 not	 report	 any	 reduction	 in	 growth	 rate	
despite	 severe	 gastric	 lesions	 (Guise	 et	 al.,	 1997;	
Nielsen	 et	 al.,	 2000).	 In	 our	 study	 the	 lower	 lesion	
score	was	not	associated	with	improved	performance.	
A	 similar	 contradictory	 relationship	 between	 lesion	
score	 and	 performance	 had	 already	 been	 observed	
(Mavromichalis	 et	 al.,	 2000).	 The	 interactions	 with	
digestive,	metabolic	and	behavioral	effects	of	dietary	
fiber,	as	discussed	above,	may	explain	this	result.	

In	 conclusion,	 adding	 23%	 sugar	 beet	 pulp	 to	
the	 diet	 of	 fattening	 pigs	 improved	 the	 health	 of	 the	
gastrointestinal	 tract	 by	 reducing	 gastric	 lesions	 and	
strengthening	the	intestines’	protective	barrier	against	
bacterial	 invasions.	The	 lower	pH	of	 the	digesta,	 the	
higher	 goblet	 cell	 count	 in	 the	 jejunum,	 the	 higher	
lymphocyte	count	in	the	colon	and	the	greater	stability	of	
the	intestinal	microbiota	created	unfavorable	conditions	
for	 the	 development	 of	 potential	 pathogen.	 This	 is	
substantiated	 by	 the	 increase	 of	 beneficial	 bacterial	
population	 (Lactobacillus	 and	 Bifidobacterium)	
concurrent	 with	 the	 reduction	 of	 potential	 pathogen	
populations	 (Enterobacteriaceae).	 This	 way,	 high	
fiber	 diet	 can	 be	 used	 as	 a	 mean	 to	 mitigate	 some	
digestive	 disorders,	 like	 swine	 dysentery.	 However,	
these	 beneficial	 health	 effects	 are	 counterbalanced	
by	 a	 downturn	 in	 growth	 performance	 and	 carcass	
traits,	 which	 may	 be	 accounted	 for	 by	 reduced	
feed	 consumption,	 lack	 of	 feed	 palatability,	 greater	
repletion	 of	 the	 gastrointestinal	 tract	 and	 lower	 feed	
digestibility.	 Feeding	 duration	 and	 activity	 rate	were	
increased	with	HFD.	Nevertheless,	the	negative	effect	
on	growth	was	found	to	be	transitory	and	the	stomach	
size	 was	 also	 found	 to	 be	 significantly	 increased	 by	
the	end	of	fattening,	both	signs	of	the	gastrointestinal	
tract	 adapting	 to	 coarser	 feed.	 In	 order	 to	 prevent	
the	 decline	 in	 performance	while	 still	 preserving	 the	
beneficial	effects	on	gastrointestinal	tract	health,	lower	
fiber	 content	 or	 gradual	 incorporation	 rate	 could	 be	
considered	and	tested	in	further	experiments.
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