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SUMMARY

NSP (non-starch polysaccharides) are a large group of compounds, which vary greatly in their chemical structure
and properties. They are linked with the use of some of the alternative proteins or energy feed ingredients in broiler
nutrition. Exogenous enzymes which act on NSP are sometimes in broiler production with the purpose of increasing
digestibility of nutrients and consequently increasing broiler performance in production. This paper will attempt to
review changes occurring in the digestive tract as a result of the use of feed with NSP soluble and insoluble in water,
and the effect of NSPase on them, in terms of how an animal organism is burdened or helped to overcome the
problems.
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INTRODUCTION

In intensive broilers production, producers tend to compose diets at the minimal cost with all necessary nutrients,
minerals, and energy for a given age. The main sources of energy are carbohydrates, the most common of which is
starch. Starch is highly digestible (about 96%) (Weurding et al., 2001), but feed ingredients contain a number of
carbohydrates, polysaccharides which are not so highly digestible. Traditionally, broiler production is based on the
use of corn and soybeans as a source of energy and proteins. In these feeds, the content of “undesirable”
polysaccharides is low. The term non-starch polysaccharides (NSP) is commonly used to include a large group of
very different polysaccharides compounds. Inclusion of some alternative feed ingredients as a source of proteins or
energy is usually accompanied with an increased level of NSP and consequently depressed digestibility and a drop in
production (Choct et al., 1992; Vuki¢ Vranje$ et al., 1994; Fuente et al., 1995; Classen et al., 1985; Polovinski-
Horvatovi¢ et al., 2015; Glamoci¢ et al., 2011). Based on water solubility, they can be divided into two fractions:
water soluble and water insoluble fraction (Choct & Kocher, 2000). The fraction insoluble in water is almost fully
unavailable for poultry, while with the fraction of soluble NSP the situation is more complex. Although soluble NSP
are somewhat digestible for poultry, this fraction has antinutritive effects through a range of mechanisms.

Alternative feed ingredients which can be used as a source of proteins or energy, such as sunflower meal, wheat, rye
or sorghum, contain a relatively high amount of NSP (Sredanovi¢ et al., 2005). Exogenous enzymes (NSPase) are
used as an attempt to overcome problems caused by increased levels of NSP in broiler diets and to enhance
digestibility and consequently broiler performance (Campbell & Bedford, 1992; Choct & Kocher, 2000; Cowieson et
al., 2006; Polovinski-Horvatovi¢ et al., 2015; Glamoci¢ et al., 2012). However, while some feeds contain
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significant amounts of soluble NSP causing reduced digestibility, some diet ingredients contain (also) high amounts
of insoluble NSP causing reduced energy density of diets. In this paper, we will try to review some of the most
important changes caused by both fractions of NSP and the use of exogenous enzymes.

Digestibility

The existence of a large variety of NSP and great diversity in their physico-chemical properties mean that they have
different effects on digestibility in animals. It is important to note that NSP do not exist as entirely separate entities in
the feed. Most of these compounds make the cell wall and are closely associated with other polysaccharides or other
biological compounds such as proteins and lignin (Smits & Annison, 1996). This fact is important because it
influences the effects of NSP on digestibility in broilers.

It is well-known that inclusion of large amounts of soluble NSP causes depression in digestibility of starch, protein
and fat (Campbell et al., 1983; Choct et al., 1992; Choct et al., 1995). Consumption of feed containing higher
amounts of soluble NSP was connected with increased viscosity of intestinal contents (White et al., 1983). The
amount of NSP in feed ingredients varies greatly. It is very small in corn, while it is high in barley and rye, which
significantly affects the nutritional value of these ingredients. The amount of NSP varies significantly among
different varieties of certain cereals, such as corn or wheat. It can even be different for the same varieties depending
on the season, storage conditions, etc. (Scott et al., 1998). The age of broilers is important for the effects of NSP on
digestibility. It seems that these effects are more profound at the younger age, while in older animals they are much
less obvious (Almirall et al., 1995).

Starch is the main source of energy and it is a significant part of AME of feed. However, starch digestibility can vary
greatly among feed (Weurding et al., 2001). NSP soluble in water are among the factors which can influence
digestibility of starch in feed by increasing viscosity of intestinal contents (Carre, 2004).

NSP, especially NSP insoluble in water, are largely inaccessible for monogastrics because there are no endogenous
enzymes for their digestion. Digestibility of both fractions of NSP by the action of pepsin and amylase is very low
(Castafién et al., 1997). However, a certain part of the energy contained in these compounds is still available for
poultry (Jamroz et al., 2002).

The effect of exogenous enzymes acting on NSP and on AME can be accounted for by increases in starch
digestibility due to improved conditions in the digestive tract and increased NSP digestion in the digestive tract via
microbial fermentation, which is most intense in the cecum of chickens. Carboxylases among other things increases
starch digestion in the small intestine, primarily by reducing viscosity in the upper gastrointestinal tract (Boros et al.,
1998). It has the effect on starch digestibility in the ileum, while this effect is not visibly determined by the excreta
(Meng & Slominski, 2005). The division between soluble and insoluble NSP is not as strict. The effect of
carbochidrases is to reduce the amount of soluble NSP, splitting them into smaller polysaccharide chains and free
sugars. A part of insoluble NSP fraction, owing to the effect of exogenous enzymes, becomes soluble and is subject
to further degradation as soluble NSP (Castafion et al., 1997). The effect of enzymes on digestibility of NSP in vitro
depends on their concentration. Moreover, at low concentrations, exogenous enzymes can increase the concentration
of soluble NSP. This could be accounted for by the fact that a part of NSP insoluble in water was solubilised, while
the soluble fraction was not hydrolysed to low-molecular weight NSP or sugars (Castafion et al., 1997).

Increase in AME which occurs by using exogenous enzymes is largely derived from enhanced digestibility of starch.
However, although there was a visual decrease in digestibility in cecectomized chickens from eating wheat pentosan,
the effect is significantly more pronounced in noncecectomized chickens, suggesting that the antinutritive effect of
NSP is largely maintained over the gut microflora (Choct et al., 1992). Microflora has its nutritional needs for
nutrients and space. At one point, it could be a competitor with the host for them (Bedford & Apajalahti, 2000).
However, some of the energy is provided by microbial fermentation. The question is how much of the energy
chickens manage to get through the increased microbial fermentation in the lower part of the digestive tract. It was
noticed that in organic farming, when using forage with addition of enzymes in broiler nutrition, there was an
increase in AME of the mixture due to the effect of the enzymes as well as an increase in AME of the forage
separately (Buchanan et al., 2007). It is known that the microflora plays an important role in digestion of fiber
fractions in the cecum (where the process is the most intense) and the colon via short chain fatty acids (acetate,
propionate and butyrate) and various gases (CO,, H,, CH,). The effect of exogenous enzymes on NSP is to reduce
the polysaccharide chains and thus increase availability of this fraction for the intestinal microorganisms. Too much
fiber can cause hypertrophy of the cecum (Redig, 1989). Even small changes in the fiber can cause large changes in
fermentation. During identification of the microbial species in the digestive tract, a direct link between certain types
of microbial species and increased AME was established. It is possible that the growth of bacteria contributing to
suppression of unwanted microbial species leads to an increase of AME (Torok et al., 2000). An experiment carried
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out on three poultry species fed with a diet containing 137 g/kg NSP showed that 3.7% of the energy of the total
amount of ME was derived from NSP fraction (Jamroz et al., 2002). The diet containing different grains (triticale,
rye and wheat) most significantly affected the extent of fermentation in the cecum, but also fermentation in the upper
parts of the digestive tract, while the effects of xylanase on the fermentation processes was mainly in the lower part
of the digestive tract (Jozefiak et al., 2007). In broiler diets based on wheat, the amount of enzymes (xylanase and f3-
glucanase) linearly increased, which led to linearly increased amount of short-chain acids in the cecum, followed by
an increase in AME of the mixture (Wang et al., 2005).

Insoluble NSP reduced the energy density of feeds. However, as previously mentioned, a certain amount of insoluble
NSP under the influence of exogenous enzyme becomes soluble and partly available to animals. In the experiment on
broilers fed with five levels of energy (energy density was reduced by inclusion of wheat bran), the effect of the
enzyme supplementation on the energy increase was the largest in the diets with the lowest AME (Zhou et al., 2009).
Adding coarse insoluble fibers in broiler diet stimulated the increase in stomach, increased consumption, and
although the conversion was slightly increased, there was undoubtedly a positive effect on production (Sacranie et
al., 2012). Increased inclusion of insoluble NSP also leads to appearance of increased peristaltic movements, which
could be useful (extending the period of exposure of the digest to the digestion conditions) or harmful (displacement
of the content of the cecum, and perhaps undesirable microorganisms in the upper part of the digestive tract)
(Hetland et al., 2003; Sacranie et al., 2005). The fact is that insoluble NSP improve digestion when the content in the
broiler diet is moderate. The assumption is that strong antiperistalic movements led to increased availability of bile
acids, which consequently enhanced emulsification of lipids. Due to increased emulsification of lipids, lipid cannot
create a protective layer around the digest, which reduces digestibility of nutrients (Hetland, et al., 2004).

In animal nutrition, the dietary fibers including any polysaccharides reach the hindgut and so include resistant starch
(RS) and soluble and insoluble non-starch polysaccharides (NSP). Routinely, there are two procedures used for
chemical determination of the amount of fiber in animal diet. The Weende method determines the quantity of crude
fiber. This fraction contains various amounts of several fiber classes which have different influence on the processes
of digestion. The Van Soest procedure (Van Soest et al., 1991) obtains three fiber fractions, NDF (neutral detegent
fiber), ADF (acid detergent fiber) and hemicelluloses (NDF-ADF), while only NDF corresponds to dietary fiber.
Certain authors investigating the effects of fiber and the effects of exogenous enzymes acting on NSP on the
digestion of nutrients estimated digestibility of fiber fraction through digestibility of NDF, ADF and hemicellulose
(Vuki¢ Vranjes et al., 1994; Jamroz et al., 2002; Ao et al., 2009; Zhang et al., 2010; Nian et al., 2011). However,
some parts of soluble NSP are lost through dissolution during the aqueous treatment. The best solution for
determination of NSP in diets and for digestibility should be based on methods measuring soluble and insoluble
fraction of NSP (Smits & Annison, 1996).

However, the method for determining digestibility can significantly affect the results of digestibility. The effects of
using exogenous enzymes in diets based on corn and soybeans were determined by three methods. Only the method
based on the ileum content revealed a change in digestibility owing to the use of exogenous enzyme, unlike the other
two methods (Zanella et al., 1999). However, bearing in mind the nature of digestibility, it is very difficult to choose
the method. The researchers who focus on the topic of digestibility of protein and amino acid choose determination
on the basis of the ileum content. The process of digestibility of protein is largely completed by the end of the distal
part of the ileum, while for digestibility of fiber the important part is going through the lower part of the digestive
tract where fibers are a source for microbial fermentation. Moreover, in certain cases, when fiber digestibility was
determined in the ileum, for single or all fractions of NSP, some researchers found negative values for digestibility
(Jamroz et al., 2002). This can be accounted for by the fact that increased amount of dietary fiber in poultry is
connected with increased frequency of antiperistaltic movements as an attempt of the organisms to prolong the
exposure of fiber to the process of digestion (Sacranie et al., 2005) causing accumulation of this fraction and
receiving negative values of digestibility for fiber fraction or NSP.

Intestinal viscosity

Many polysaccharides dissolved in water produce viscous solutions. The capacity for increasing viscosity in the
intestine of an animal depends on many factors, such as the size of molecules, branching, presence of charged groups
and of course concentration.

Bedford & Classen (1992) carried out an experiment with rye, demonstrating a direct link between a drop in
productivity and an increase in intestinal viscosity. Viscosity of intestinal contents increased exponentially with the
concentration of high molecular weight polysaccharides. When B-glucan from barley was added at a concentration of
only 10 mg/kg, viscosity was increased three times (White et al., 1983).
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The highest increase in intestinal viscosity is in the lower part of the digestive tract. A review study with rye and
wheat as the main source of energy feeds examined viscosity of intestinal contents along the digestive tract.
Viscosity was increased most in the ileum, although there was a statistical increase also in the upper part of the small
intestine (Boros et al., 1998)

Increase in viscosity slows down diffusion and active transport in the digestive system. Active transport of glucose
and sodium was decreased with increases of viscosity (Edwards et al., 1988). Intestinal viscosity reduces the contact
area between the substrate (e.g. fat) and digestive secretions (lipase) (Smits & Annison, 1996). However, it is known
that although there is an increase in intestinal viscosity as a result of consumption feed with elevated level of soluble
NSP at the older age of broilers or cocks, the effects on reduced digestibility and performance are much less visible
(Almirall et al., 1995). Viscosity is not the only mechanism through which water-soluble NSP have effects on
depression of digestibility. Also, the use of antibiotics reduces the negative effect of increased viscosity owing to the
use of soluble NSP, indicating a joint effect of microflora and viscosity on digestibility of nutrients (Bedford &
Apajalahti, 2000). Increased intestinal viscosity, as an effect of the use of feed with high fiber content, is also
associated with prolonged retention of food in the digestive tract of poultry (Van der Klis et al., 1993). Prolonged
retention of feed in guts leads to lower consumption (Almirall et al., 1995) and consequently lower production
results.

Exogenous enzymes need to cut polysaccharides in a few places, significantly reducing viscosity, and thus also the
antinutritive effect. The effects of arabinoxylans and partially depolymerised arabinoxylans on intestinal viscosity
were compared. Depolymerised arabinoxylans did not significantly reduce the metabolic energy (Williams et al.,
1997). It is interesting to note that addition of exogenous enzymes did not reduce the amount of soluble NSP in
digest, and moreover there was a statistically significant increase, without increasing intestinal viscosity. This means
that although a larger amount of soluble NSP was dissolved in water, polysaccharide chains were split into smaller
fragments which did not contribute to the increase of viscosity (Choct et al., 1995). In some cases, intestinal viscosity
can be increased by the use of exogenous enzymes. This can be explained by the fact that the effects of exogenous
enzymes depend on the concentration. In a study in vitro, addition of a low concentration of enzymes causes an
increase of soluble NSP by solubilization of insoluble NSP, while further degradation of soluble NSP into low
molecular weight NSP and sugar was not sufficient (Castafion et al., 1997). In some cases, it can lead to an increase
in viscosity (Pettersson & Aman, 1989).

Disaccharidases and NSP

Digestion of carbohydrates takes place in the lumen of the small intestines, and on the brush borders of the
enterocytes. Pancreatic amylase hydrolyzes starch from food to oligosaccharides (mannose, maltotrioze) and dextrin.
Terminal hydrolysis of these oligosaccharides and disaccharides takes place on the surfaces of brush border of the
enterocytes with disaccharidases (diastase, sucrase, isomaltase, maltase, trehalase and lactase).

Maltose is the main product of digestion of complex polysaccharides, such as starch and amylopectin (Caviedes-
Vidal et al., 2000). Maltose breaks down two enzyme complexes, maltase-glucoamylase and sucrase-isomaltase.
These enzymes belong to glycoproteins that are synthesized on polysomes of enterocytes and are located in/on
microvilli and protrude to the outside of the membrane enterocytes (Varljen et al., 2005). They are responsible for
the final stage of digestion of carbohydrates. Sucrase-isomaltase is relatively non-specific enzyme complex that
breaks down maltose, sucrose and isomaltose. Intestinal enzyme activity is highly correlated with body weights of
animals during the physical development of chickens. This highly positive correlation may indicate that the intestinal
enzymes play a crucial role in providing substrate for the growth (Uni et al., 1999; Sklan, 2001).

The assumption is that NSP can influence the activity of endogenous enzymes. But there are conflicting results.
Ikegami (1990) found that increased soluble NSP in rats leads to an increase of the enzyme activities. However,
introduction of soluble NSP in pigs leads to a decline in the activity of some of the endogenous enzymes (Li et al.,
2004). Total fiber from legumes in rats, caused by the drop in activity of intestinal disaccharidase, probably makes
the matrix of substrate and/or the binding of certain components of the enzyme and its inactivation (Infante et al.,
2008). It was observed in some studies that addition of exogenous enzymes which enhance digestion by changing the
conditions of digestion in the digestive tract led to an increase in activity of enzymes sucrase or maltase or both
disaccharidase in some monogastric animals (Fan et al., 2009; He et al., 2010). Increased disaccharidase activity can
be accounted for by an increased amount of substrate. It is possible that the effect of exogenous enzymes on the
increased disaccharidase activity depends on the age of broiler chickens, because at a younger age of chickens
maltese and sucrase activity does not reach its maximum. Addition of exogenous enzymes and thus increasing the
amount of the substrate significantly affects the specific activity of endogenous enzymes. The use of exogenous
enzymes was more prominent on the increase in activities of endogenous enzymes in the younger age of chickens
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(Pinheiro et al., 2004), while at the older age the effect was much less evident. However, oligosaccharides can also
have a significant effect on the activities of the intestinal disaccharides. Diets for turkey made from four different
sources of proteins, all originating from soya, with the similar amount of NSP and at the same time different amount
of oligosaccharides (2.4, 1.9, 0.9, and 0.1%), affected the activities of disaccharidases. The lowest activities were
observed in the diet with only 0.1% oligosaccharides, which was also connected with the smallest body weight
(Jankowski et al., 2009). The used exogenous enzymes for NSP cut NSP of feed in smaller polymers, which leads to
a significant amount of oligosaccharides produced in site, when the diet is based on the feed ingredients with a
significant content of NSP. Maybe it is possible that these oligomers, in addition to affecting the microflora, may
increase activities of intestinal enzymes.

CONCLUSION

The effect of NSP soluble and insoluble in water is very complex and depends on many factors. In this paper, we
have tried to give an overview of what is happening during the digestion of NSP and what are the determining
factors influencing the effect of both NSP and enzymes on which they act. Owing to the complexity of these effects,
there are probably great differences among results of the researchers who have studied this issue.
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