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Summary
The generic term fiber encompasses a very diverse group of polymers, with varying physicochemical properties. It is
well known that dietary fiber can contribute significantly to the nutritive value of poultry diets both directly, as energy
source, and indirectly, through its effects on digestive and metabolic processes. In order to more accurately predict
the nutritive effect of fiber from raw materials, a better characterization of fiber fractions, their degradation in the
chicken, and their physiological effects are required. Traditional analytical methods to analyze fiber, as crude fiber
(CF) and neutral detergent fiber (NDF), recover only a variable part of the fiber fraction and are hence unfit to evaluate fiber fractions in raw materials and poultry diets. For scientific purposes, the enzymatic-chemical (Englyst or
Uppsala) methods are more appropriate, whereas for routine analyses the AOAC (2009.01/2011.25) method for
total, insoluble, and soluble dietary fiber can be used. In the chicken, solubilization is a prerequisite for fermentation,
but even if solubilized during the digestive processes, a substantial part of non-starch polysaccharides (NSP) may
remain undegraded. Coefficients of apparent total tract digestibility of NSP in chicken range between 0 and 0.4 and
generally reflect differences in solubility of the fiber fraction. Besides, physical entanglement of polysaccharides in
the cell wall matrix also time available for fermentation and the absence of appropriate enzyme activities as determined by the microbial colonization in the gastrointestinal tract are possible limiting factors for NSP degradation.
Although fiber in poultry nutrition is often associated with reduced energy availability due to its minor role in energy
supply and interference with digestive processes, low to moderate amounts of fiber (up to 50 g/kg) might be beneficial for gastrointestinal development, function, and health, thereby enhancing nutrient digestibility and growth performance. A better understanding on the relation between specific fiber fractions and factors as GIT development,
digesta retention time, and microbial colonization will help to develop nutritional strategies using specific fiber fractions to steer on GIT health and function to enhance performance, especially under suboptimal environmental conditions.
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Introduction
Although abundantly present in many feed ingredients used for poultry diets, dietary fiber (DF) has received little
attention poultry nutrition for many years. It is well known that dietary fiber can contribute significantly to the nutritive
value of diets both directly, as energy source (JAMROZ et al., 2002, JØRGENSEN et al., 1996), and indirectly,
through its effects on digestive and metabolic processes (CHOCT et al., 1996, JØRGENSEN et al., 1996, SMITS et
al., 2000, SMITS et al., 1998, SMITS et al., 1997, ANNISON, 1993, MONTAGNE et al., 2003). The generic term
fiber, however, encompasses a very diverse group of polymers, with varying physicochemical properties, which
hampers prediction of the nutritive value of fiber fractions. Not only the quantity of fiber, but maybe even more importantly, the type of fiber will determine the digestive utilization of the diet and, hence, affect its energetic value, either
positively or negatively. In order to more accurately predict the nutritive effect of fiber from raw materials, a better
characterization of fiber fractions, their degradation in the chicken, and their physiological effects are required.
How to track and trace the dietary fiber fraction?
CHALLENGES IN THE ANALYSIS OF DIETARY FIBER
Albeit extensive debates on the appropriate definition and adequate analytical methods, DF is generally defined as
the non-digestible fraction of plant cell walls in food and feed ingredients1 and typically includes oligosaccharides,
pectic polysaccharides, hemicellulose, cellulose, lignin, gums, and some minor associated plant cell wall substances
The currently most widely accepted definition of DF includes Dietary fiber means carbohydrate polymers with
three or more monomeric units, which are not hydrolyzed by the endogenous enzymes in the small intestine of humans (JONES, 2014, CODEX ALIMENTARIUS COMMISSION, 2013).
1
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(DE VRIES, 2004). Although the chemical constitution of these cell wall fractions varies widely, they can be considered alike from a nutritional viewpoint, as they are not enzymatically digested and exert similar physiological properties. Resistant starch – which is by definition resistant to enzymatic digestion, but mostly not originating from the cell
wall (ASP and BJÖRCK, 1992) – is often included based on its similar behavior in the gastrointestinal tract.
Several methods to analyze DF – or its specific components as non-digestible oligosaccharides non-starch polysaccharides (NSP), RS, or lignin – are available (DE VRIES, 2004). Historically in animal nutrition, the gravimetrically
based crude fiber (CF), and later neutral (NDF) and acid detergent fiber (ADF) methods, have been used. Although
these methods, based on chemical extraction with alkali and acid solutions, are robust to analytical variation and
might correlate well with degradability of specific fiber fractions in the animal (MERTENS, 2003), they recover only
part of the fiber fraction (Figure 1). Depending on the material, a variable, but considerable part of the fiber fraction –
such as cereal β-glucans and some pectic polysaccharides – can be solubilized and hence excluded from the detergent and crude fiber methods, whereas some other pectic polysaccharides that precipitate in strong acid will be included in the ADF fraction (MERTENS, 2003). In addition, also the physical characteristics of the sample, such as
particle size, are of importance, because particles can be lost during the filtration step of these gravimetric methods.
For CF, for example, this means that depending on the fiber structure of the material, 80-85 % of the hemicellulose,
0 to 60 % of the cellulose, and 10 to 95 % of the lignin are not recovered in this fraction (MERTENS, 2003). It follows
that comparison between diets or feed ingredients with distinct fiber structures and physicochemical properties
based on these analytical methods is specious. Moreover, this hampers not only comparisons between fiber
sources, but also evaluation of fiber degradation in the animal, as physicochemical properties of the ingested feed
will be modified by digestive processes along the gastrointestinal tract (GIT).

Figure 1. Indicative composition of total dietary fiber* (solid black line), fiber fractions analyzed by gravimetric methods† (dashed grey line), or calculated as residual fraction (calculated NSP) ‡ (dashed-dotted grey line).*Analyzed by
‘rational’ methods as sum of non-starch polysaccharides (enzymatic-chemical methods) and lignin. Oligosaccharides
can be separately quantified by liquid chromatography (MCCLEARY et al., 2011). †Empiric gravimetric methods,
such as crude fiber or neutral detergent fiber (VAN SOEST et al., 1991). Recovery of various fractions depends on
method and physical characteristics of sample (e.g. particle size). ‡Residual organic material after subtraction of
ash, crude protein, crude fat, starch, and ethanol (40%)-soluble sugars from DM (CVB, 2011), including NSP, lignin,
residual components not analyzed by the proximate system, and accumulated analytical error. Calculated NSP
(dashed-dotted grey line) minus crude fiber (dashed grey line) approximates nitrogen-free extract minus digestible
starch and sugars. Adapted from ZIELINSKI ET AL. (2013).
Alternatively, in feed formulation the fiber fraction is often calculated as the residual fraction remaining after subtraction of several components analyzed by the proximate or Weende analysis system (AOAC, 2009). In this system,
the nitrogen-free extract (NFE) is defined as the organic material remaining after subtraction of ash, crude protein
(CP), crude fat, and crude fiber from the dry matter (DM), representing the carbohydrate fraction that is potentially
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degraded in the animal without distinguishing between easily digestible starch and sugars and the (partly) fermentable fiber fraction. Due to the lack of specificity of the CF-method as described above, NFE also may contain considerable part of the lignin and poorly degradable NSP. The calculated NSP fractions as reported in the Dutch CVB
tables (CVB, 2011, Figure 1), are obtained by subtraction of ash, CP, crude fat, starch, and ethanol-soluble sugars,
and hence include NSP, lignin, and some low-molecular-weight carbohydrates that precipitate in 40%-ethanol. In
both NFE and NSP fractions, components not analyzed by the proximate system – such as some nitrogenous components and vitamins – and analytical errors associated with the analyses accumulate in these residual fractions.
Hence, the exact composition of these fractions depends on the raw material and its physicochemical properties.
For scientific purposes, a more appropriate alternative, is the use of enzymatic-chemical methods, as the Englyst or
the Uppsala procedures (BACH KNUDSEN, 2001, ZIELINSKI et al., 2013). In these, so-called, “rational”2 methods,
NSP are measured as the sum of constituent monosaccharides released by acid hydrolysis of samples after removal
of starch and small saccharides. Not only do these methods provide detailed information on the chemical composition of the fiber fraction, they also have the advantage that they are not sensitive to physical factors such as solubility and particle size of samples, which makes them more appropriate to evaluate fiber degradability in the animal. In
addition, they are species-independent as opposed to the empirical DF methods that are typically optimized for their
application in human. These sophisticated methods, are, however, not suitable for routine analysis as they are expensive, both in terms of labor and equipment, and are less robust to analytical errors due to the multiple subsequent analytical steps, as well as the small amount of sample material. Furthermore, the small amount of sample
material hampers representative sampling in inhomogeneous feed materials. With the recent advances and consensus on optimization of analytical methods for DF in the human nutrition field (ZIELINSKI et al., 2013), the enzymaticgravimetric methods for total, insoluble, and soluble DF recognized by AOAC (2009.01/2011.25) have evolved in
robust methods that may be used for routine analyses of fiber fractions for day-to-day feed formulation practices.
These methods could be further optimized in terms of filtration procedures, to avoid confounding effects of particle
size. Additionally, near-infrared reflectance spectroscopy (NIRS) might be used to predict contents of DF and specific DF fractions (KAYS and BARTON, 2002, KAYS et al., 1996)).
MEASURING THE FATE OF DIETARY FIBER ALONG THE GASTROINTESTINAL TRACT
As discussed above, the nature of the gravimetric fiber methods makes them unfit to monitor degradation of fiber
along the GIT, as changes in physicochemical properties of ingested fiber fractions during digestion confound the
results. Hence, the use of “rational” methods is preferred for digestibility studies. When evaluating fiber degradation
along the GIT, not only methods to correctly analyze the fiber constituents, but also obtaining a representative sample of the GIT-contents can be challenging. In chickens, soluble and solid digesta fractions are separated and retrograde digesta flows occur. Often, fiber-rich diets have pronounced effects on physical characteristics of the feed
matrix, thereby affecting a.o. digesta flow and transit time (ROBERTSON, 1988). These processes may complicate
digestion studies, particularly, but not exclusively, when fiber degradation is the matter of interest (DE VRIES et al.,
2014a). Unrealistic high ileal and cecal digestibility values for NSP, sometimes exceeding total tract digestibility
(PETTERSSON and ÅMAN, 1989, JAMROZ et al., 2002, BRENES et al., 2003, DE VRIES et al., 2014a), clearly
indicate that that the marker method is unsuitable to measure fiber degradation along the GIT in chicken. In future
research, a dual phase marker system combined with mathematical modelling of digesta flow pathways, quantitative
digesta collection, and stable isotope methods can be helpful to keep track of fiber fractions along the GIT. When
apparent total tract degradation of NSP is measured, separation of digesta fractions does not have to be an issue
provided that the collection time is sufficiently long and a representative sample of the excreta is collected. Ceca
empty at irregular intervals; approximately 2 to 4 times a day, majorly in the morning, just after onset of light, and in
the afternoon (HERRICK and EDGAR, 1947, GASAWAY and WHITE, 1975). Hence, short collection periods at single time points may promote selective recovery of excreta, resulting in considerable over- or underrepresentation of
cecal contents and erroneous digestibility estimates for fermentable matter.

Rational refers to methods in which an identifiable chemical or analyte is quantitated, as opposed to empirical,
non-analyte specific, methods (ZIELINSKI et al., 2013).
2

ESPN 2015
Fate of fiber in the gastrointestinal tract
FIBER DEGRADATION IN THE CHICKEN
Degradation of NSP in the animal depends to a large degree on the original cell wall matrix in which the polysaccharides are embedded (DE VRIES et al., 2012). In chickens, ceca access is restricted to fluids and small particles
(<0.2mm) and consequently solid digesta won’t reach the major site of fiber degradation (JÓZEFIAK et al., 2004). It
follows that NSP should be solubilized in order to be fermented. However, a substantial fraction of canola meal NSP
that were solubilized during transit through the GIT, remained undegraded in broilers (PUSTJENS et al., 2014) indicating that also the time available for fermentation or the lack of appropriate enzyme activities are possible limiting
factors in NSP degradation.
Coefficients of apparent total tract digestibility (CATTD) of NSP in chicken, as reported in literature range between 0
and 0.4 and generally reflect differences in solubility of the NSP fractions of the various feed ingredients (Table 1).
Degradation of NSP is particularly low (0-0.1) in diets containing poorly solubilizable NSP from ingredients as maize
or some sources of canola meal (MENG and SLOMINSKI, 2005, SLOMINSKI et al., 1994b, DE VRIES et al.,
2014b), whereas higher CATTD of NSP (0.2-0.4) are found for diets that contain more soluble NSP, originating
mainly from cereal grains as barley, oats, wheat, and rye. Degradability of NSP from the wheat-soybean meal (SBM)
diets, with and without inclusion of several fiber-rich byproducts, in the studies of BOROS et al. (2004) and MENG et
al. (2005) are lower than expected based on NSP solubility. In these studies excreta were collected for a period of
only 3 h, and selective recovery of ceca contents due the irregular emptying of the ceca may have resulted in erroneous CATTD estimates. Also the CATTD of NSP from diets containing pea fiber in the study of JØRGENSEN et al.
(1994) are lower than expected based on the NSP solubility. Apparently, the soluble NSP of this product, which is
produced by water extraction of peas and has a high water-binding capacity, were poorly degraded and likely pea
fiber even impeded degradation of barley NSP.
In common feed practices, NSP-degrading enzymes are usually added to broiler and laying hen diets. The use of
such enzymes can facilitate degradation of specific NSP structures, when either appropriate enzyme activities are
lacking or when time is limiting their full operation. Depending on e.g. the NSP source and the type of enzymes
used, CATTD of NSP can be improved over 0.2 units in broilers (PUSTJENS et al., 2014, PETTERSSON and
ÅMAN, 1989, MENG and SLOMINSKI, 2005, MENG et al., 2006, BOROS et al., 2004, JIA and SLOMINSKI, 2010,
MARSMAN et al., 1997), whereas the effect in adult birds can be even greater (MENG et al., 2006, LÁZARO et al.,
2003, SLOMINSKI and CAMPBELL, 1990). Effects of common feed processing technologies are typically smaller,
and generally mainly affect easily solubilizable NSP such as cereal β-glucans (DE VRIES et al., 2012).
FIBER AS NUTRIENT: DOES IT MAKE A DIFFERENCE?
Non-starch polysaccharides can be partly fermented by the microbiota residing in the gastrointestinal tract of the
animal. The end products of NSP fermentation, short chain fatty acids (SCFA), can be absorbed and used as energy
source (DIERICK et al., 1989, JØRGENSEN et al., 1997, JUST et al., 1983). Given that less than 40% of NSP are
degraded, the lower efficiency of energy utilization obtained from microbial fermentation compared with enzymatic
digestion, and the potential higher energy requirements for fiber-rich ingredients (DIERICK et al., 1989), it follows
that, generally, the contribution of NSP to the energy supply in the bird is expected to be minor (JØRGENSEN et al.,
1996). In addition, DF can interfere with digestive processes, thereby often reducing digestion and absorption of
other nutrients from the diet (FENGLER and MARQUARDT, 1988, CHOCT and ANNISON, 1992b, CHOCT and
ANNISON, 1992a, MONTAGNE et al., 2003, SMITS et al., 2000, SMITS et al., 1997, SMITS et al., 1998). Hence,
DF is often considered as diluent or even anti-nutritional factor, in poultry nutrition. However, as reviewed by
MATEOS et al. (2012), DF play an important role in GIT development and functioning and when fed at low to moderate levels (up to 50 g/kg) may enhance GIT health, nutrient digestibility, and bird performance. Especially insoluble, recalcitrant, fiber fractions that resist fermentation in the gut may be important from this perspective due to their
effects on gizzard function and digesta retention time in the GIT (HETLAND et al., 2004). A better understanding on
the relation between specific fiber fractions and factors as GIT development, digesta retention time, and microbial
colonization will help to develop nutritional strategies using specific fiber fractions to steer on GIT health and function
to enhance performance, especially under suboptimal environmental conditions.
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Table 1. Coefficient of apparent total tract digestibility (CATTD) of non-starch polysaccharides (NSP) in chickens1.
Diet characteristics
Main NSP sources2
Barley (100)
Barley (73), oat bran (27)
Barley (65), oat bran (35)
Barley (47), SBM (31), wheat (22)
Wheat bran (51), barley (49)
Wheat bran (61), barley (39)
Wheat (70), SBM (30)
Wheat (45) SBM (27), canola meal (12),
wheat screenings (10), peas (6)
Wheat (37) SBM (33), barley (16), canola
meal (9), wheat screenings (5)
Rye (58), SBM (26), wheat (16)
Pea fiber (54), barley (36)
Pea fiber (64), barley (46)
Maize (54), peas (49)
Maize (100)
Maize (100)
Maize (52), SBM (48)
SBM (51), maize (35), canola meal (14)
SBM (51), maize (35), canola seed (14)
Canola meal (75), maize (25)
Canola meal (56), maize (44)
Canola meal, brown seeded (100)
Canola meal, yellow seeded (100)
Canola meal (100)

CATTD
Adaptation3

Reference6

45
91
127
127
132
203
978

NSP
Solubility5
0.29
0.43
0.39
0.31
0.27
0.18
0.249

0.31
0.35
0.25
0.39
0.19
0.16
0.05

Male broilers (2-13 wk)
Male broilers (2-13 wk)
Male broilers (2-13 wk)
Male broilers (6 wk)
Male broilers (2-13 wk)
Male broilers (2-13 wk)
Male broilers (7 wk)

1
1
1
2
1
1
3

12 d

1018

0.259

0.06

Male broilers (2-3 wk)

4

37 d
20 d
0 to 63 d7
0 to 63 d7
12 d
12 d
11 d
12 d
12 d
12 d
11 d
12 d
7d
7d
4d

1208
121
149
251
88
57
68
100
1369
1369
176
106
91
113
71

0.319
0.26
0.40
0.40
0.07
0.08
0.109
0.09
0.169
0.169
0.259
0.09
0.10
0.09
0.14

0.15
0.40
0.06
0.12
0.05
0.08
0.14
0.09
0.12
0.11
0.20
0.08
0.03
0.09
0.02

Male broilers (7 wk)
Mixed sex broilers (5-6 wk)
Male broilers (2-13 wk)
Male broilers (2-13 wk)
Male broilers (2-3 wk)
Male broilers (2-3 wk)
Female broilers (4-5 wk)
Male broilers (2-3 wk)
Male broilers (2-3 wk)
Male broilers (2-3 wk)
Female broilers (4-5 wk)
Male broilers (2-3 wk)
Adult laying hens
Adult laying hens
Adult laying hens

3
5
1
1
6
6
7
6
8
8
7
6
9
9
10

0 to 63 d7
0 to 63 d7
0 to 63 d7
41 d
0 to 63 d7
0 to 63 d7
37 d

NSP
content4

Bird type

Only studies that reported CATTD of total NSP in (semi-purified) complete diets were included. Studies in which
CATTD measurements were preceded by fasting were excluded.
2 Values between brackets indicate contribution of NSP from raw materials to total NSP content of diet (%) calculated using data from original publications or BACH KNUDSEN (1997).
3 Time in days (d) birds were allowed to adapt to the diet before CATTD measurements.
4 NSP content of diet (g/kg DM) as reported or calculated from analyzed NSP contents of raw materials, unless indicated otherwise. Dry matter contents diets were assumed to be 900 g/kg, if not provided.
5 Fraction of soluble NSP in total NSP (g/g), calculated from analyzed NSP contents, unless indicated otherwise.
6 Data from: 1. JØRGENSEN et al. (1996); 2. JAMROZ et al. (2002); 3. BOROS et al. (2004); 4. MENG et al. (2005);
5. PETTERSON and ǺMAN (1989); 6. MENG and SLOMINSKI (2005); 7. DE VRIES et al. (2014b); 8. MENG et al.
(2006); 9. SLOMINSKI et al. (1994) ; and 10. SLOMINSKI and CAMPBELL (1990).
7 CATTD was measured during two blocks of five and four weeks from 12 d of age onwards, without preceding adaptation.
8 Calculated based on data from BACH KNUDSEN (1997) and SLOMINSKI et al. (2004).
9 Calculated based on data from BACH KNUDSEN (1997).
1

Conclusion
Traditional analytical methods to analyze fiber, as crude fiber (CF) and neutral detergent fiber (NDF), recover only a
variable part of the fiber fraction and are hence unfit to evaluate fiber fractions in raw materials and poultry diets. For
scientific purposes, the enzymatic-chemical (Englyst or Uppsala) methods are more appropriate, whereas for routine
analyses the AOAC (2009.01/2011.25) method for total, insoluble, and soluble dietary fiber can be used. Coefficients of apparent total tract digestibility of NSP in chicken range between 0 and 0.4 and generally reflect differences
in solubility of the fiber fraction. Besides, physical entanglement of polysaccharides in the cell wall matrix also time
available for fermentation and the absence of appropriate enzyme activities as determined by the microbial colonization in the gastrointestinal tract are possible limiting factors for NSP degradation. Although fiber in poultry nutrition is
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often associated with reduced energy availability due to its minor role in energy supply and interference with digestive processes, low to moderate amounts of fiber (up to 50 g/kg) might be beneficial for gastrointestinal development, function, and health, thereby enhancing nutrient digestibility and growth performance. A better understanding
on the relation between specific fiber fractions and factors as GIT development, digesta retention time, and microbial
colonization will help to develop nutritional strategies using specific fiber fractions to steer on GIT health and function
to enhance performance, especially under suboptimal environmental conditions.
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