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a  b  s  t  r  a  c  t

In total,  504  female  broilers  were  used  to study  the  effects  of inclusion  of  oat  hulls  (OH)
and  sugar  beet  pulp  (SBP)  in  the  diet  on growth  performance,  coefficient  of  total  tract
apparent  retention  (CTTAR)  and  coefficient  of apparent  ileal  digestibility  (CAID)  of nutrients
from 1 to  18  days  (d) of  age.  A control  diet based  on  rice  that contained  69  g dietary  fibre
(16  g  crude  fibre)/kg  was  diluted  with  25,  50 and 75 g/kg  of  either  OH  or SBP.  Each  of the
seven  treatments  was  replicated  six  times  (a cage with  12  chicks).  Growth  performance
and  CTTAR  of  nutrients  were  recorded  at d 6,  12  and 18  and  the  CAID  of  organic  matter
and  crude  protein  were  determined  at d 18. From  d 1 to 18, fibre  inclusion  did  not  affect
feed  intake  or  body  weight  gain  of  the birds. However,  feed  conversion  ratio was improved
quadratically  (Q)  with  OH (P<0.05)  and SBP  inclusion  (P≤0.01).  Moreover,  the  inclusion  of
OH or  SBP  in  the  diet  improved  linearly  (L) energy  efficiency  from  1 to 18  d of  age  (P=0.057
and  P≤0.01  for  OH and SBP;  respectively).  Fibre  inclusion  affected  in  different  ways  the
CTTAR  of  nutrients  depending  on  the  level  and  type  of  fibre, as well  as the age  of  the  birds.  In
general,  the inclusion  of  up  to 50 g of OH or SBP/kg  diet  increased  the  CTTAR  of all nutrients.
The  increase  in  CTTAR  of nitrogen  (P<0.05  at d  18) and  AMEn of  the  diet  (P<0.05  at  d  6  and
P=0.062  at d  12)  because  of fibre  inclusion  was  higher  with  OH  than  with  SBP.  Oat  hulls
inclusion  increased  the CAID of crude  protein  (L; P<0.05)  and  starch  (L; P≤0.001  and  Q;
P<0.05)  but  no  effects  were  observed  with  SBP.  Therefore,  the  requirement  for  dietary  fibre
of  young  chicks  varies  between  82  and  101  g/kg  diet  (20–29  g  crude  fibre/kg),  depending  on
the trait  considered  and  the  source  of  fibre  used.  The  data  indicate  that  moderate  levels  of
fibre inclusion  improved  feed  conversion  ratio and  nutrient  digestibility  in young  broilers
but  that  an  excess  might  affect  digestive  traits  and  hinder  growth  performance.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dietary fibre has been considered as an energy diluent and as an antinutritional factor in poultry feeds because of its
negative effects on feed intake and nutrient digestibility (Mateos et al., 2002; Sklan et al., 2003; Rougière and Carré, 2010).
Consequently, commercial diets for young broilers contain usually less than 25–30 g crude fibre (CF)/kg (Swennen et al.,

Abbreviations: ADF, acid detergent fibre; ADFI, average daily feed intake; ADL, acid detergent lignin; AMEn , apparent metabolisable energy nitrogen
corrected; BW,  body weight; BWG, body weight gain; CAID, coefficient of apparent ileal digestibility; CF, crude fibre; CP, crude protein; CTTAR, coefficient of
total  tract apparent retention; DF, dietary fibre; DM,  dry matter; FCR, feed conversion ratio; FI, feed intake; GIT, gastrointestinal tract; L, linear; N, nitrogen;
NDF,  neutral detergent fibre; OH, oat hulls; OM,  organic matter; Q, quadratic; SBP, sugar beet pulp.
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2010). However, several studies have reported that the inclusion of moderate amounts of insoluble fibre sources in the diet
(e.g. between 20 and 100 g/kg for oat hulls) increased HCl (Jiménez-Moreno et al., 2010), bile acids and enzyme production
(Hetland et al., 2003) and result in increased nutrient digestibility and growth performance of broilers fed low-fibre diets
(Jiménez-Moreno et al., 2009a,b; González-Alvarado et al., 2010). The beneficial effects of dietary fibre on growth perfor-
mance are probably related to better development and function of the gizzard (González-Alvarado et al., 2008; Svihus, 2011;
Mateos et al., 2012).

Differences in the physicochemical properties of fibrous ingredients such as solubility, water holding capacity, viscosity,
bulk, fermentability and ability to bind bile acids, might affect in different ways the development of the gastrointestinal tract
(GIT) and the digestibility of nutrients in non-ruminants animals (Montagne et al., 2003). Consequently, the magnitude of
the response of poultry to the inclusion of fibre in the diet might vary with the level and type of fibre used. The hypothesis of
this research was that (a) the inclusion of moderate amounts of fibre into low fibre diets could improve nutrient digestibility
and growth performance in broilers, but that an excess could have opposite effects and (b) the response of the birds to
additional dietary fibre might vary with the fibre source. The aim of this study was  to evaluate the effect of increasing levels
of two fibre sources (oat hulls and sugar beet pulp) with different physicochemical properties on growth performance and
nutrient digestibility of broilers from 1 to 18 d of age.

2. Materials and methods

2.1. Fibre sources and diets

A batch of oat hulls (OH) and a batch of sugar beet pulp (SBP) were ground using a hammer mill (Model 15303,
Fritsch GmbH, Rudolstadt, Germany) fitted with a 2-mm screen and analysed for chemical composition, particle size
distribution and geometric mean diameter (Table 1). The basal diet was based on rice, soy protein concentrate and fish
meal (Table 2) and contained 13.6 MJ  of nitrogen (N) corrected apparent metabolisable energy (AMEn) and 69 g dietary
fibre (DF) (16 g CF) per kg. Acid-washed diatomaceous earth (Celite Hispánica S.A., Alicante, Spain) was added at 20 g/kg
to the basal diet as an additional source of acid-insoluble ash. The remaining experimental diets were manufactured
by diluting (weight/weight) the control diet with 25, 50 or 75 g of either OH or SBP/kg. All diets were fed in mash form
and met  or exceeded the nutritional recommendations of Fundación Española Desarrollo Nutrición Animal (2008) for
broilers.

Table 1
Chemical composition (g/kg as-fed basis, unless otherwise indicated), particle size distribution and geometric mean diameter (GMD), water holding capacity
and  swelling capacity of the fibre sources.

Oat hulls Sugar beet pulp

Chemical analysisa

Gross energy (MJ/kg) 17.4 15.4
Dry  matter 936 914
Crude protein 30 89
Starch  92 10
Ether  extract 14 11
Total  ash 37 92
Crude  fibre 283 178
Neutral detergent fibre 702 342
Acid  detergent fibre 334 180
Lignin  acid detergent 37 18
Total  dietary fibre 713 590

Insoluble dietary fibre 706 474
Soluble dietary fibre 7 116

Physicochemical properties
Particle size distribution

Screen size (�m)
1250 33 266
630  412 472
315  353 152
160  154 65
80  57 45

GMD  ± GSDb (�m) 509 ± 1.9 796 ± 2.1
Water holding capacity ± SDc (mL/g dry matter) 3.9 ± 0.51 10.6 ± 0.08
Swelling capacity ± SDc (mL/g dry matter) 2.1 ± 0.40 6.2 ± 0.78

a Analysed in triplicate.
b Log normal geometric standard deviation.
c Mean ± standard deviation.
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