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SUMMARY

This study aimed to evaluate different inulin
and probiotic levels as supplement in diets for
piglets on nutrient digestibility and nitrogen balan-
ce. Twenty four crossbred barrows (Pietrain x
Landrace x Large White), with initial average
weight of 18.00 £ 0.38 kg, were individually housed
in metabolic cages. The experimental design was
a completely randomized block, in a 2 x 3 factorial
scheme (probiotic levels: 0.30 and 0.60 %; inulin
levels: 0.00, 0.25 and 0.50 %), with four
replications. The probiotic used was a mix of
Lactobacillus acidophillus, Streptococcus
faecium and Bifidobacterium bifidum. The inulin
was the prebiotic used in this study, characterized
as an indigestible carbohydrate formed by
fructooligosaccharides. Inulin levels provided a
quadratic effect (p<0.05) on the digestibility
coefficients of dry matter, organic matter and
ether extract, and the better responses were
obtained supplementing 0.194,0.185and 0.188 %.
Quadratic effects were observed for the nitrogen
excreted in feces, total nitrogen excretion, nitrogen
efficiency use and nitrogen digestibility. The inulin
levels of 0.194 and 0.216 %, in piglet diets, were
the better for dry matter digestibility and total
nitrogen excretion, respectively.

Recibido: 11-4-12. Aceptado: 31-10-12.
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RESUMO

O objetivo deste trabalho foi avaliar o efeito de
niveis de inulina e probidticos em ragdes para
leitdes sobre a digestibilidade dos nutrientes e
balanco do nitrogénio. Foram utilizados 24 suinos
mesticos (Pietrain x Landrace x Large White),
machos castrados, com peso médio inicial de
18,00+ 0,38kg, alojados individualmente em gaiolas
de metabolismo. O delineamento experimental uti-
lizado foi o de blocos ao acaso em esquema
fatorial 2 x 3, representado por dois niveis de
probidtico (0,30 e 0,60 %) e trés niveis de inulina
(0,00; 0,25 e 0,50 %), com quatro repeticdes. O
probiético utilizado foi composto por Lactobacillus
acidophillus, Streptococcus faecium e Bifido-
bacterium bifidum. A inulina foi o prebiético utili-
zado, caracterizada como um carboidrato n&o
digerivel composto por frutoligossacarideos. A
inulina proporcionou efeito quadratico (p<0,05)
nos coeficientes de digestibilidade da matéria
seca, matéria organica e extrato etéreo, e as
melhores respostas foram obtidas com a
suplementacéo de 0,194; 0,185 e 0,188 %. Efeitos
quadraticos foram observados para o nitrogénio
excretado nas fezes, excrecao total de nitrogénio,
eficiéncia de uso do nitrogénio e digestibilidade do
nitrogénio. Os niveisde 0,194 e 0,216 % de inulina,
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na ragao de leitdes, foram os melhores para a
digestibilidade da matéria seca e excre¢éo total de
nitrogénio, respectivamente.

INTRODUCTION

Alternative ingredients to substitute
growth promotersinswinedietsarestudied
and developed based on new concepts of
food safety, such as prebiotics and pro-
biotics that, when used together and with
specificity, establishes the symbiotic
concept and can be used in swine diets.

Probioticsareliveculturesof organisms
supplemented in pig diets that can benefi-
cially affect the host animal by improving
the microbial balance in the gut (Fuller,
1989), and may influencedigestive process
by increasing the population of beneficial
microorganisms and activity of microbial
enzymes, as well as improving nutrient
digestibility and use.

Prebioticsaredefined asanon-digestible
foodingredient that beneficially affectsthe
host by selectively stimulating the growth
and/or activity of oneor alimited number of
bacteriainthecolon (Gibsonand Roberfroid,
1995). These compounds are indigestible
oligosaccharides (Delzenne, 2003) not
necessarily grouped by the structure, but
according to their capacity to promote
growth of certain beneficial bacteria
(probiotics) inthegut (Kelly, 2008). Inulinis
known as a prebiotic and consists of a
mixtureof fructan chainswithapolymerizing
degree varying from 2 to 60 (Roberfroid,
1993), isresistant to digestiveenzymes, due
to its glycoside 8 bonds (2—1), and is
believed to increase growth of beneficial
bacteria(Zentek et al., 2003).

The use of prebiotics, probiotics or its
combinationasasimbioticisanalternative
to replace growth promoters without
impairing theswineperformance (Chiquieri
etal., 2006). Using asymbioticin dietsfor
weaned piglets, Shimet al. (2005) reported
anincreased villousheightinthesmall gut,
whichisanindicativeof improved nutrient

absorption. Pierceet al. (2005) observed an
improvement in gross energy digestibility
in piglet diets containing 1.50 % of inulin
and alow lactose level.

Prebiotics may al so reduce the nitrogen
excretion to the environment. Besides,
Lynch et al. (2007) reported that supple-
mentinginulinin piglet dietsmay favor the
bifidobacteria growing in the cecum,
increase fecal nitrogen content and reduce
the nitrogen amount in urine.

Therefore, the prebiotic's effect on the
nitrogen contained in the diet occursdueto
fermentationinthelargegut, whichinduces
changes in urine nitrogen excreted as urea
(Zervas and Zijlstra, 2002). According to
Nahm (2003), the result is a decrease in
ammoniaemision during waste storage and
field application.

Thisstudy aimed to evaluatethe effects
of inulin and probiotic on nutrient diges-
tibility and nitrogen balancein piglets.

MATERIALAND METHODS

This study was carried out in the
metabolismroom, situatedintheexperimen-
tal of the Universidade Estadual do Oeste
do Parand, Brazil. The experimental proce-
dures were in agreement with the Animal
Welfare Committee of thisInstitution.

Twenty four crossbred barrows (Pietréin
X Landrace x Large White), averaging
18.00 £ 0.38 kg of initial weight, were
individually allotted and distributed in a
completely randomized blocksdesign, ina
2x 3factorial scheme (probioticlevels—0.30
and 0.60 %; inulin levels — 0.00, 0.25 and
0.50%), withfour replicates.

The probiotic used was a mix of
Lactobacillus acidophillus, Streptococcus
faecium and Bifidobacterium bifidum. The
inulin was the prebiotic used in this study,
characterized as an indigestible carbo-
hydrate formed by fructooligosaccharides.

Experimental diets(tablel) wereformu-
latedto achievethenutritional requirements
proposed by Rostagnoet al. (2005). Barrows
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Tablel. Centesimal, chemical and energetic composition of experimental diets. (Composigao
centesimal, quimica e energética das racdes experimentais).

Probiotic 0.30 0.60

Inulin 0.00 0.25 0.50 0.00 0.25 0.50

Corn 56.66 56.66 56.66 56.66 56.66 56.66
Soybean meal 21.00 21.00 21.00 21.00 21.00 21.00
Dried whey 6.00 6.00 6.00 6.00 6.00 6.00

Fish meal 4.00 4.00 4.00 4.00 4.00 4.00

Corn gluten meal 3.00 3.00 3.00 3.00 3.00 3.00

Soybean oil 2.70 2.70 2.70 2.70 2.70 2.70

Sugar 2.00 2.00 2.00 2.00 2.00 2.00

Common salt 0.34 0.34 0.34 0.34 0.34 0.34

Limestone 0.31 0.31 0.31 0.31 0.31 0.31

Dicalcium phosphate 1.44 1.44 1.44 1.44 1.44 1.44

Choline chloride 0.20 0.20 0.20 0.20 0.20 0.20

L-lysine hydrochloride 0.52 0.52 0.52 0.52 0.52 0.52

DL-methionine 0.17 0.17 0.17 0.17 0.17 0.17

L-threonine 0.23 0.23 0.23 0.23 0.23 0.23

L-tryptophan 0.05 0.05 0.05 0.05 0.05 0.05

Antioxidant* 0.01 0.01 0.01 0.01 0.01 0.01

Organic acids? 0.10 0.10 0.10 0.10 0.10 0.10

Vitamin supplement® 0.12 0.12 0.12 0.12 0.12 0.12

Mineral supplement* 0.05 0.05 0.05 0.05 0.05 0.05

Probiotic® 0.20 0.20 0.20 0.40 0.40 0.40

Bifidobacteria® 0.10 0.10 0.10 0.20 0.20 0.20

Inulin’ 0.00 0.25 0.50 0.00 0.25 0.50

Inert 0.80 0.55 0.30 0.50 0.25 0.00

Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated composition
Metabolizable energy (kcal kg?) 3,325 3,325 3,325 3,325 3,325 3,325

Crude protein (%) 19.67 19.67 19.67 19.67 19.67 19.67
Calcium (%) 0.83 0.83 0.83 0.83 0.83 0.83
Available phosphorus (%) 0.45 0.45 0.45 0.45 0.45 0.45
Sodium (%) 0.23 0.23 0.23 0.23 0.23 0.23
Potassium (%) 0.73 0.73 0.73 0.73 0.73 0.73
Chlorine (%) 0.37 0.37 0.37 0.37 0.37 0.37
Digestible lysine (%) 1.33 1.33 1.33 1.33 1.33 1.33
Digestible methionine + cystine (%) 0.75 0.75 0.75 0.75 0.75 0.75
Digestible methionine (%) 0.47 0.47 0.47 0.47 0.47 0.47
Digestible threonine (%) 0.85 0.85 0.85 0.85 0.85 0.85
Digestible tryptophan (%) 0.23 0.23 0.23 0.23 0.23 0.23

1BHT; 2Propionic, formic and lactic acids; *Vitamin A (8 000 000 1U); Vitamin D3 (1 200 000 1U); Vitamin E
(20 000 mg); Vitamin K3 (2500 mg); Thiamine (1000 mg); Riboflavine (4000 mg); Vitamin B12 (20 mg),
Niacin (25 000 mg); Pantothenic acid (10 000 mg); Biotin (50 g); Folic acid (600 mg); Vitamin C (50 000
mg), Antioxidant (125 mg); “Zinc (80 000 mg); Fe (70 000 mg); Mn (40 000 mg); Cu (20 000 mg); | (800
mg); Co (500 mg); Se (500 mg), QSAD vehicle (1000 g); SLactobacillus acidophillus, Streptococcus
faecium; ®Bifidobacterium bifidum; 7Inulin (96 %).
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werefedtwiceaday (06a.m.and06 p.m.) and
after each meal thewater wasfreely offered.
Theindividual feedintakewasbased onthe
metabolic weight (BW°7), established
during the adjustment period.

The metabolism assay used aseven day
adjustment period, followed by afive day
period of total collection of fecesand urine.
Barrowswerehoused in stainless-steel me-
tabolism cages (Pekas, 1968), equipped with
feeders and compartments which allowed
separated collection of feces and urine.

Ferricoxide(Fe,O,) wasusedtoindicate
thebeginning and theend of fecal collection
period. Feces were collected twice a day,
placedinto plastic bagsand stored (-18 °C).
Urine was collected continuously over the
5-day collection period into a plastic
recipient, containing 20 mL of 1:1chloridic
acid(HCl), and a5%aliquot wasplacedinto
glasscontainers, identified and stored (3°C).

Prior to laboratory analysis feces were
thawed, mixed, dried (55 °C) and ground
through a 1 mm screen. Dry matter (DM),
nitrogen (N), ether extract (EE) and mineral
matter (MM) were analysed in diets and
feces, and N were determined in urine, as
described by Silvaand Queiroz (2002).

Thecoefficientsof apparent digestibility
of dry matter (DCDM), ether extract (DCEE),
mineral matter (DCMM) and organic matter
(DCOM) were determined according to
Mattersonetal. (1965). Nitrogenintakeand
total N excretionwere determinedto obtain
the N balance.

Data was submitted to variance analysis
throughthestatistical software SAEG-System
for Statistical and Genetic Analyses, develo-
ped by theFederal University of Vigosa(UFV,
1999). Datawasanayzedinafactorial scheme
(probiotc x inulin), and were applied the
regression procedures incaseof significance.

RESULTS AND DISCUSSION

Significant interactions (inulin x pro-
biotic) were not observed (p>0.05) for
nutrient digestibility (tablel ). Theprobiotic
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Table I'1. Apparent digestibility in diets for piglets supplemented with inulin and probiotics. (Digestibilidade de ragées para leitdes

contendo inulina e probiéticos).

Means

Levels

CVv

(%)

Inulin

Probiotic

0.3

0.6
0.25

0.3

0.25

Probiotic
Inulin

Inu pxl

Prob

0.5

0.25

0.6

0.5

0.5

0.044 NS

2.29 NS

87.8 852

86.8

86.7

86.5

87.8 854

86.7 87.8 849 86.8

DCDM
DIGDM

NS

0.021

80.4 77.8

79.8

79.6

79.0

80.2 775 80.3 80.6 78.0

79.2

2.09 NS

89.5 86.7

88.6

88.2

88.2

89.3 86.9

88.5

89.6 86.4

88.7

DCOM
DIGOM
DCMM
DIGMM
DCEE

77.0 743

75.7

76.0

75.3

76.8 737 759 77.1 749

75.5

NS NS NS

7.46

499 47.2

46.0

48.6

46.8

48.7 46.0 46.2 511 483

45.8

NS

0.001

2.5
76.7

2.6

84.4

2.2
81.8

2.5
79.7

2.6 25 2.3
82.2 82.1

2.4
80.9

2.4
77.3

2.5

2.0
82.7

NS

411

76.1

86.5

5.1 4.6

5.2 4.6 5.0 4.9 4.6 4.9 4.8 5.0

4.9

DIGEE

ether extract.

organic matter; MM= mineral matter; EE=

digestible; DM= dry matter; OM=

digestibility coefficient; DIG=

NS: non significant; DC
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studied did not affected (p>0.05) thenutrient
digestibility, but inulin levels provided a
quadratic effect (p<0.05) onthedigestibility
coefficients of dry matter, organic matter
and ether extract, and the better responses
were obtained supplementing 0.194, 0.185
and0.188%of inulin (figur e1), respectively,
because abovetheselevelsthedigestibility
coefficients decreased, and Hedemann et
al. (2001) reported that a decrease in the
nutrient digestibility isnot desiredinpiglet
diets.

Such enhancements in nutrient diges-
tibility were previously observed in piglet
diets with low-lactose supplemented with
inulin (Pierceetal., 2005). Thedecreasein
digestibility coefficients, observed for the

highinulinlevels(figurel), may berelated
to areduction in the number of goblet cells
inthejejunum, asobserved inweanling pigs
fed diets with 0.40 % inulin (Mair et al.,
2010), and Pickler etal. (2012) reported that
the glycoproteins produced by goblet cells
participate in the nutrient absorption.
However, higher inulin levels could
demonstrate good results, depending on
the lactose level used in the experimental
diets. Lynch et al. (2009) observed an
increaseindigestibility of dry matter, organic
matter and mineral matter in piglet diets
containinglactose (5.00 %) andinulin (1.50
%), but this response were not observed
with high lactose level (23.00 %). On the
other hand, Lynch et al. (2007) evaluating

90 - 0.185 «——_ Y = 88.57+10.82x - 29,29x%> R2=0.57
f—
o"'--.--.--.qPK‘--'--.--‘-Qo
< 0.194 Se.o -
2 g5 Y = 86.78+11.48x - 29.58x2 R2=0.55 " ~.
8 Jeseececets Nttt cern.,,
9 . "',.u.u \ 0--....."
D o 0.188 .,
Q
b .'.‘o‘
S 80 -
g’ Y =81.77+30.58x - 81.43x? R2= 0.79"%...
o -’o.
75 i .
0.00 0.25 0.50

InulinLevels (%)

- o o

bDCDM = DCOM

LYYYYYY

DCEE

Figurel. Digestibility coefficientsof dry matter (DCDM), organic matter (DCOM) and ether
extract (DCEE) affected by inulinlevelsin piglet diets. (Coeficientes de digestibilidade da matéria
seca (DCDM), matéria organica (DCOM) e do extrato etéreo (DCEE) em funcéo de niveis de inulina em
racdes para leitdes).
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diets with low and high levels of crude
protein, supplemented with 0.00 and 1.25 %
inulin, did not observe any effectsof inulin
inthedigestibility of dry matter and organic
matter for finishing pigs.

Evaluatingtheinclusion of Enterococcus
faeciumand inulin (2.00 %) in piglet diets
Bohmer et al. (2005) reported a positive
effect of inulin, andinulin with E. faecium,
comparedtothecontrol diet and containing
just E. faecium.

For the nitrogen balance there were no
significant (p>0.05) interactive effects of
inulinand probiotic (tablel 11). Thenitrogen
intake was similar for the evaluated treat-
ments because experimental diets were
isonitrogenous and animalswere fed based
on metabolic weight (BW°7),

Theprobioticuseddidnot affect (p>0.05)
the nitrogen balance variables, but a
quadratic effect (p<0.01) was observed for
the nitrogen excreted in feces (figure 2).
According to Vanhoof and De Schrijver
(1996), increased nitrogen excretion may be
resulted from higher microbial activity in
thelargeintestine and thus higher nitrogen
incorporationinmicrobial protein excreted
in feces. Hansen et al. (2010) observed
higher bacterial activity in the upper colon
inpigsfedadietwith8.00% inulin. Invitro
studies to evaluate different indigestible
carbohydrates, and bacterial isolates,
demonstrated that inulin and starch
increased bacterial nitrogen fixing, compa-
red to cellulose, xylan and pectin (Bindelle
etal.,2007a; 2007b).

In the current study, the increase in
inulinlevels, higher than0.170 %, increased
the nitrogen excreted in feces. Thisinulin
level islower than 1,25 % used by Lynch et
al. (2007) which observed higher amounts
of nitrogenin swinefeceswhentheanimals
weresupplementedwith 1.25%inulininthe
diet. However thenitrogen excretedinurine
was not affected by theinulinlevels. Inthe
sameway, Halaset al. (2010a) observed an
increase in fecal nitrogen, but the urine
nitrogen decreased in weanling pigs that
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Table I11. Nitrogen balance in piglets submitted to diets with containing inulin and probiotics. (Balango de nitrogénio em leitdes

submetidos a dietas contendo inulina e probi6ticos).

Means

Levels

CV

(%)

Inulin

Probiotic

0.3

0.3 0.6

0.25

Probiotic
Inulin

Inu pxl

Prob

0.5

0.25

0.6

0.5

0.25

0.5

NS
NS
NS
NS
NS
NS
NS

NS

0.009

NS
NS
NS
NS
NS
NS
NS

13.03
11.48
18.36
12.36
13.49
5.01
1.67

55.0 54.1 56.3 589 545 54.7 56.6 55.7 57.0 543

55.0

NI (g/d)

5.6
9.7
15.3

4.2

4.5

4.7

4.7

4.2 5.5

4.5

5.6

4.1

9.1
13.2

4.4

NEF (g/d)
NEUr (g/d)
TNE (g/d)
NR (g/d)
NEU (%)
ND (%)

NS
0.038

7.8
12.0

9.4
13.9

8.5
13.2

9.4

14.1

9.3
14.8

9.7 6.5
10.7

14.2

10.1

9.1

15.7

135

NS
0.009

41.8 384 42.1 482 39.8 40.6 434 41.8 45.0 39.1

41.5

79.1 713

75.6

76.6

74.0

76.4 70.1 756 817 724

75.5

0.008

92.4 89.7 91.8 928 89.7 91.3 914 919 926 89.7

91.9

NS: non significant; NI: nitrogen intake; NEF: nitrogen excreted in feces; NEUTr: nitrogen excreted in urine; TNE: total nitrogen excretion; NR: nitrogen

retention; NEU: nitrogen efficiency use; ND: nitrogen digestibility.
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received 4.00 or 8.00 % of inulin in diets,
being a desired effect for the environment,
since it decreases the ammonia emission
duetofecal nitrogen be consisted primarily
by bacterial protein, whichisless suscepti-
ble to decomposition than the urea present
intheurine, becauseureaiseasily converted
intoammoniaand carbondioxideby bacterial
urease (Mroz et al., 2000).

However, the levels of inulin used in
these studies were higher than the ones
usedinthecurrent research (0.00—0.50 %),
andusingalow-inulinlevel (0.40%) indiets
for growing pigsLoh et al. (2010) reported
no effect on the nitrogen excretion, but the
inulin tended to shift nitrogen excretion
from urineto feces.

The inverse response obtained for

nitrogen excreted in feces and nitrogen
digestibility (figures 2 and 3) also was
found by Lynch et al. (2007) using more
than1.25%inulinindietsfor finishing pigs.
Nevertheless, Lynch et al. (2009) observed
anincreased nitrogendigestibility inpiglets
supplemented with 1.50 % inulin in adiet
containing 5.00 % lactose. According to
these authors, inulin may increase the
population of lactic bacterias, like bifido-
bacteria. Their capacity to produce awide
variety of depolymerasesand glycosidases,
which acts over polysaccharides, may
improve digestion. Even so, Vanhoof and
DeSchrijver (1996) and Halaset al. (2010b)
did not report any differences on nitrogen
digestibility after supplementing 6.00 and
8.00% of inulininpiglet diets.

16 -
Y =13.85-17.91x + 41,40x2 R2=0.61
\ 0.216
12 =
)
o
2
2
S 8
&
o = - 2 =
L>Ij 0.170 Y = 4.46-4.55x +13,36x° R? 0.12‘- .
- - -
4 _‘-_-_---—l-— e > o - —
|
|
|
|
|
|
|
0 . T |
0.00 0.25 0.50

InulinLevels (%)
==NEF =—TNE

Figure 2. Effect of inulin levelsin piglet diets on nitrogen excreted in feces (NEF) and total
nitrogen excretion (TNE). (Efeito de niveis de inulina na ragéo sobre o nitrogénio excretado nas fezes
(NEF) e excregéo total de nitrogénio (TNE) em leitdes).
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Figure 3. Effect of inulin level sin piglet diets on nitrogen efficiency use (NEU) and nitrogen
digestibility (ND). (Efeito de niveis de inulina na racéo sobre a eficiéncia de uso do nitrogénio (NEU)

e digestibilidade do nitrogénio (ND) em leit6es).

The results obtained for nitrogen
excreted in feces, and urine, influenced the
total nitrogen excretion (p<0.05), showing
the better excretion at a level of 0.216 %
inulin (figure 2). Although total nitrogen
excretion was affected by the inulin and
nitrogen intake remained constant, there
wasnhodifferenceinnitrogenretention (table
[11). This effect was also evidenced by a
quadratic effect observed for nitrogen
efficiency use (figure 3), which is the
percentage of nitrogen retained, showing
that the supplementation of 0.202 % inulin
provided the better efficiency, that is
proximateof 0.216 %foundfor total nitrogen
excretion. Lynchetal. (2007) and V anhoof
and De Schrijver (1996) did not obtain
significant response for the efficiency of

nitrogen utilizationaccordingtoinulinlevels
studied. Likewise, Mountzouriset al. (2006)
evaluated two indigestible carbohydrates
(oligofructose and transgal actoligosaccha-
rides) as supplement in piglet and did not
observesignificant effectsontheefficiency
of nitrogen use.

CONCLUSIONS

Theinulinlevelsof 0.194and 0.216 %, in
piglet diets, werethemost effectivesfor dry
matter digestibility and total nitrogen
excretion, respectively.
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