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Smits, C.H.M. 1996. Viscosity of dietary fibre in relation to lipid digestibility in 

broiler chickens 

The aim of the thesis was to identify the physicochemical properties of non-

starch polysaccharides (NSPs) that are most relevant to the nutrition of the 

broiler chicken. More specifically, the mechanisms by which fibre viscosity can 

affect lipid digestibility in broiler chickens have been investigated in a series of 

experiments. The effect of fibre viscosity per se was investigated by using 

carboxymethylcelluloses (CMC) with varying viscosity. The CMC types were 

non-fermentable in vitro. Fibre viscosity per se depressed the digestibility of 

lipids, protein and starch in broiler chickens fed diets containing CMC with 

varying viscosity. The effect of fibre viscosity on lipid digestibility was 

dependent on the type of fat. The digestibility of animal fat that was 

predominantly composed of saturated long chain fatty acids was depressed, 

whereas there was no effect on the digestibility of soyabean oil or coconut oil. 

The reduction in lipid digestibility coincided with a reduced bile salt 

concentration and raised microbial numbers in the small intestine. CMC did not 

affect the condition of the small intestinal mucosa. The morphological 

parameters indicated that the condition of the mucosa was even improved in 

CMC fed birds. A study with germfree rats and rats with a specific pathogen free 

intestinal flora revealed that the effect of CMC on lipid digestibility is mediated, 

at least partially, by the intestinal flora. It was concluded that the small intestinal 

microflora can mediate the antinutritive effect of fibre viscosity on lipid 

digestibility in broiler chickens. Moreover, it was proposed that a reduction in 

bile salt concentration and bacterial transformation of bile salts reduces their 

efficacy to solubilise lipids. The results show that fibre viscosity is an important 

antinutritive property which should be taken into account in diet formulation for 

broiler chickens. 

Ph.D. thesis, Wageningen Agricultural University. Institute of Animal Nutrition 

'De Schothorst', PO Box 533, 8200 AM, Lelystad, The Netherlands. 
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STELLINGEN 

1. De fysische eigenschappen van voedingsvezels zijn uit voedingsfysiologisch 

oogpunt belangrijker dan de chemische samenstelling. Dit proefschrift. 

2. De viscositeit per se is een anti-nutritionele eigenschap van niet-zetmeel 

Polysacchariden in de voeding van kuikens. Dit proefschrift. 

3. De microflora in de dunne darm medieert het anti-nutritionele effect van 

visceuze voedingsvezels op de vetvertering bij kuikens. Dit proefschrift. 

4. De bevinding dat antibiotica-toediening geassocieerd is met een hogere 

vetabsorptie bij zuigelingen (Verkade et al., 1989) ondersteunt de hypothese 

dat de microflora in de dunne darm de vetabsorptie kan verlagen. 

Verkade et ai, 1989, fur. j. Pediatr., 149: 126-129. 

5. Het slijm in het maagdarmkanaal is van levensbelang. Visceuze 

voedingsvezels kunnen daaraan een positieve bijdrage leveren. 

6. De microflora in de dunne darm is met betrekking tot de nutriënten

voorziening van de gastheer meer een parasiet dan een symbiont. 

7. Vet- en cholesterolarme zuivelprodukten met oplosbare, visceuze 

cellulose-ethers dragen bij tot een verantwoord bloedcholesterolgehalte. 

8. Voor het toepasbaar maken van resultaten uit wetenschappelijk onderzoek is 

de benadering 'Keep It Simple and Stupid' zeer zinvol. 

9. Landbouwers verdienen een positief imago, zij zijn immers de hoveniers 

van het Nederlandse landschap. 

10. De uitspraak 'wat ben je toch een varken' is gezien de fysiologische 

overeenkomsten tussen mens en varken voor meer dan 95% niet te verwerpen 

en dus significant. 

C.H.M. Smits 

Stellingen behorende bij het proefschrift 

'Viscosity of dietary fibre in relation to lipid digestibility in broiler chickens' 

Wageningen, 13 november 1996 



Voorwoord 

Het proefschrift dat voor u ligt is grotendeels het resultaat van ruim vijf jaar 

onderzoek op het Instituut voor de Veevoeding 'De Schothorst'. Het doel was na 

te gaan welke fysisch-chemische eigenschappen van niet-zetmeel koolhydraten 

van belang zijn voor de vertering en voor de gezondheid. Daarbij werd het 

kuiken al vrij snel als modeldier gekozen. Het proefschrift werd vervolgens het 

resultaat van een multidisciplinaire aanpak, zoals dat met een mooi woord heet, 

en dat betekent dat vele mensen een bijdrage hebben geleverd aan het 

onderzoek. 

Allereerst wil ik het bestuur en directie van De Schothorst bedanken voor de 

mogelijkheid die mij is geboden om met het promotieonderzoek te starten. 

Dr.ir. Piet van der Aar ben ik zeer erkentelijk voor zijn steun en voor de ruimte 

die ik bij het onderzoek kreeg. 

De promotoren prof. Anton Beynen en prof. Martin Verstegen wi l ik 

bedanken voor de begeleiding van het promotieonderzoek. De 

voortgangsgesprekken met u beiden waren plezierig en motiverend. Zo nu en 

dan moest de zweep erover, maar ik begrijp dat dit eerder regel is dan 

uitzondering. Zeker bij iemand die in zijn dagelijkse bezigheden nog een hoop 

andere dingen heeft te doen. Desalniettemin kon de vaart er aardig in worden 

gehouden. 

Prof. Johan Mouwen van de vakgroep Pathologie wil ik bijzonder bedanken 

voor zijn hulp bij de studie naar het effect van CMC op de mucosa. De 

discussies met u waren zeer verhelderend. Verder wil ik ook dr. Jos Koninkx en 

prof. Jaap van Dijk voor hun bijdrage bedanken. Chantai, bedankt voor al het 

werk wat je hebt gedaan met het afstudeervak. 

Een gedeelte van het promotieonderzoek is uitgevoerd in Nieuw Zeeland. 

Het inruilen van een zomer voor een winter was als werkklimaat ideaal. I would 

like to thank prof. Paul Moughan and his colleagues of the Monogastric 

Research, Geoffrey Annison, John Monro and Mervin Birtles for their help and 

support. The months at the MRC were of great value. 

Uit gezamenlijke interesse voor stoornissen in de vetvertering bij jonge 

eenmagigen, heeft dr. Henkjan Verkade van het Academisch Ziekenhuis te 

Groningen geparticipeerd in een belangrijk deel van het onderzoek. Het bleek 

wat dat betreft, dat er vele overeenkomsten zijn tussen baby's en kuikens. 

Henkjan, bedankt voor de prettige samenwerking. 

Dr. Joop Koopman en zijn collega's van het Centraal Dieren Laboratorium 

van de Universiteit Nijmegen hebben een belangrijke bijdrage geleverd aan de 



microbiologische bepalingen en hebben de proef met kiemvrije ratten 

uitgevoerd. Hen allen wil ik hiervoor bedanken. 

Verder wi l ik van de Veterinaire Faculteit nog Inez Lemmens 

(Proefdierkunde), dr. Bert Urlings (VVDO) en dr. Liebe Vellenga (Inwendige 

Ziekten en Voeding) bedanken voor hun bijdrage. 

Dr. Harry Vahl (ACM), dr. Ben Schutte (ILOB-TNO) en Henk Sloetjes (ID-

DLO) ben ik erkentelijk voor hun bijdrage aan de oriënterende studie met 

kiemvrije kuikens. 

Ik heb enorm veel waardering voor de steun die ik van alle Schothorst

collega's gehad heb. Ik was zeer gebaat met jullie hulp, kennis en open 

instelling. Zonder daarbij iemand tekort te willen doen, wi l ik de volgende 

personen toch nog even apart noemen: Bert Veldman was filosofisch mijn steun 

en toeverlaat. De medewerkers van het Laboratorium en het Proevencentrum 

hebben de nodige bergen werk verzet en me geleerd dat alles mogelijk is maar 

dat niet het onmogelijke moet worden gevraagd. Saskia en Henk hadden van het 

Laboratorium hun lot het meeste verbonden met dit onderzoek en ik was daar 

gelukkig mee. Marjolein, Jannie, Yvonne en Roelof, bedankt voor de 

redactionele hulp. 

Verder wil ik alle familieleden, vrienden en kennissen bedanken voor de 

getoonde belangstelling. Van het selecte gezelschap Wageningers en 

wintersporters is Gerard verheven tot de status van paranimf omdat hij het 

meeste verstand heeft van koeien. Saskia, bedankt voor alles. 
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Scope, aim and outline of thesis 



Scope, aim and outline of thesis 

In farm animal nutrition, diets are formulated on the basis of the nutritive 

value of the ingredients and their costs. The diets are defined according to 

nutritional specifications that meet the requirement of the target species. 

However, there are constraints in relation to undesirable effects such as intake 

and digestion problems. The constraints may limit the use or content of certain 

feedstuffs. Feedstuffs may contain one or more undesirable factors and within 

feedstuffs the level of that factor may vary. Examples are anti-nutritional factors 

like trypsin inhibitors, lectins, tannins, alkaloids and glucosinolat.es (Huisman & 

Tolman, 1992). These critical factors are well defined, can be determined in the 

laboratory and the nutritionist can take them into account in evaluating the 

quality of the ingredients and in diet formulation. 

The role of dietary fibre is complex. Dietary fibre has been defined as the 

fraction of plant material that is resistant to hydrolysis by endogenous enzymes 

of the digestive tract (Hipsley, 1953). Although there is still debate about this 

definition, it is clear that dietary fibres represent a wide variety of chemical 

substances with a tremendous range of physicochemical properties (Roberfroid, 

1993). They vary in chemical structure, physical structure, solubility, water 

holding capacity, viscosity, cation exchange capacity, adsorptive properties etc.. 

It is well established in human nutrition that certain physicochemical properties 

of dietary fibres may be beneficial for human health. Low intakes of fibre are 

linked to chronic disorders such as constipation, diverticulitis and cancer of the 

large bowel as well as risk of obesity, cardiovascular disease and diabetes 

(Burkitt & Trowel I, 1975). 

In the nutrition of monogastric farm animals, however, little attention has been 

paid to physicochemical properties of fibres in relation to the process of 

digestion and absorption of nutrients, the intestinal microflora and health. The 

nutritional evaluation of dietary fibre generally focuses on the nutritive value of 

the fermentable fibre fraction, the other aspects being neglected and the 

undigested portion is considered as inert non-nutritive material. Recently, the 

physicochemical properties of fibre have received more attention in animal 

nutrition, particularly in poultry nutrition. However, in contrast to human 

nutrition, the physicochemical properties of fibres had been associated with 

detrimental rather than with beneficial effects. The ingestion of diets rich in 

gelling non-starch polysaccharides (NSPs) from wheat, barley and rye, reduced 

http://glucosinolat.es
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the digestibility of protein, starch and lipids in broiler chickens (Antoniou et al., 

1981; Choct and Annison, 1990; Fengler and Marquardt, 1988; White et al., 

1981). This 'antinutritive' effect was associated with an increase in digesta 

viscosity. In practice, the problem of gelling NSPs can be solved, at least 

partially, by the addition of NSP degrading enzymes to broiler chicken diets 

(Bedford et a/., 1991; Petterson & Aman, 1988; Veldman & Vahl, 1994). It has 

been shown that NSP-ases reduce digesta viscosity and elevate nutrient 

digestibility. However, the mechanism by which gelling NSPs affect nutrient 

digestibility in broiler chickens has not been elucidated and thus the most 

critical properties of gelling NSPs are unknown. Ideally, these critical properties 

should be taken into account in diet formulation. 

This thesis attempts to identify the physicochemical properties of NSPs that are 

most relevant for poultry nutrition. More specifically, experiments were carried 

out to unravel the mechanism by which the model high viscosity compound, 

carboxymethyl cellulose (CMC), reduces lipid digestibility. 

A literature review was conducted to describe the NSPs present in plant 

ingredients and to identify the most critical physicochemical properties and their 

effects on nutrient digestibility (Chapter 2). It was concluded that the viscosity of 

NSPs is the most relevant property. The process of lipid digestibility was then 

selected to describe the mechanisms by which gelling NSPs may depress feed 

utilization. It was noted that the microflora may play a key role in the anti-

nutritive effect of gelling NSPs. The effect of fibre viscosity per se on 

macronutrient digestion was examined in broiler chickens by using CMC of 

varying viscosity (Chapter 3). Subsequently, the inhibitory effect of CMC on lipid 

digestibility was further studied by using different fat types (Chapter 4). To obtain 

more insight into the small intestinal modifications induced by fibre viscosity, 

the condition of the mucosa (Chapter 5) and the bile salt concentration and 

microflora (Chapter 6) were examined in the small intestine of broiler chickens. 

The role of the microflora in the inhibitory effect of fibre viscosity on lipid 

digestibility was investigated in germfree rats and rats with a normal flora 

(Chapter 7). Finally, the outline of a system is proposed for the dietary 

evaluation of carbohydrates, in which the critical anti-nutritive properties of 

fibres are taken into account (Chapter 8). 
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Non-starch plant polysaccharides in broiler 

nutrition - Towards a physiologically valid approach to 

their determination 

Coen H.M. Smits* and Geoffrey An ni son 

Abstract 

The physicochemical properties of non-starch polysaccharides (NSPs) are 

responsible for their antinutritive activities in the broiler chicken. In particular 

soluble viscous NSPs depress the digestibilities of protein, starch and fat. On the 

other hand, insoluble and non-viscous NSPs may have a beneficial effect. Fat 

digestion is used here to illustrate how the physicochemical properties of NSPs 

may interfere with digestion and absorption. It is suggested that the gut 

microflora can mediate the anti-nutritive effects of soluble and viscous NSPs. It is 

concluded that the determinations of crude fibre and/or acid detergent fibre and 

neutral detergent fibre in feedstuffs, are not appropriate for predicting and 

understanding the physiological action of NSPs in broilers. The determination of 

the in vitro solubility of NSPs and the viscosity of the feed ingredient could 

become of major importance for 'anti-nutritional' evaluation. More research 

needs to be conducted to study the interactions of NSPs with the microbial 

activity in the intestinal tract of the broiler chicken. 

* On leave from De Schothorst at the Monogastric Research Centre, 

Department of Animal Science, Massey University, Palmerston North, New 

Zealand. 

Introduction 

The physicochemical properties of the fibre polysaccharides in dietary plant 

ingredients have been recognised as being responsible for their physiological 

action, particularly in human nutrition. Thus, dietary fibre has been studied in 

relation to health problems such as hypercholesterolaemia, constipation, 

diverticulitis, cancer of the large bowel, obesity and diabetes. However, less 

attention has been paid to the consequences of the physicochemical properties 

of dietary fibre in farm animal nutrition. This topic has recently received more 
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attention in poultry nutrition as a result of the recognition of the 'antinutritive' 

properties of some non-starch polysaccharides (NSPs) present in rye (Antoniou et 

a/., 1981; Campbell et al., 1983b; Fengler and Marquardt, 1988; Bedford et al., 

1991), wheat (Choct and Annison, 1990) and barley (White et al., 1981; 

Campbell et a/., 1989; Wang et al., 1992). Annison (1993) has described a 

possible mechanism whereby cereal NSPs can influence the digestive processes 

in chicks, and has emphasised the importance of the solubility and the viscosity 

of the NSP fraction. One of his conclusions was that ascribing the antinutritive 

effects solely to the increased viscosity of the digesta may be too simplistic. 

Other physicochemical characteristics of NSPs and dietary ingredients may play 

a role in the overall effect. The aim of this paper is to identify the 

physicochemical properties of NSPs most relevant to the nutrition of the chicken 

and to propose a mechanism whereby these properties may influence the 

digestibility of fat in broilers. Fat digestion is used as an example to illustrate the 

complexity of the interaction between NSPs and dietary nutrients. Finally, the 

physicochemical evaluation of dietary NSPs are discussed. By way of introduc

tion, the chemical structures of NSPs and how polysaccharides interact to form 

the plant cell wall, are briefly reviewed. 

Physicochemistry of non-starch plant polysaccharides 

Chemical structures 

Polysaccharides consist of macromolecular polymers of simple sugars or 

monosaccharides. The sugars are joined by a specific type of linkage called a 

glycosidic bond which is formed between the hemi-acetal (or hemiketal group) 

of one sugar and the hydroxyl group of another. The number of possible 

glycosidic bonds between monosaccharides is five for a hexose and four for a 

pentose. They are identified by referring to the carbon atoms of each sugar 

which are involved in the bond and by the orientation of the hemiacetal oxygen 

atom (a- or /?-). In starch the glucose molecules are joined mainly by ar-(1-»4) 

bonds with a small number of a-(1->6) bonds. These bonds and the or-(1-*2) link 

between glucose and fructose in sucrose, the /?-(1^»4) link between glucose and 

galactose in lactose and the ar-(1-»1) link between the glucose units of trehalose 

are cleaved by endogenous avian or mammalian enzymes. All other glycosidic 

bonds are resistant to digestive enzymes but they may be cleaved by microbially 

derived enzymes. NSPs contain sugars other than glucose and have glycosidic 
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bonds other than the a-(1-»4), a-(1^6) bonds present in starch. The importance 

of the nature of the bonds in determining their susceptibility to cleavage by 

avian digestive enzymes is illustrated by the resistance of cellulose (a /?-(1->4) 

glucan) to starch-degrading enzymes. 

Figure 1 Polysaccharide structures commonly found in feed ingredients of plant orgin. 
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The majority of NSPs in poultry diets is of plant origin and in modern 

formulations the variation in both the amount and structure may be large. This 

reflects the diversity of the ingredients which are currently available to the 

compound animal feed trade. Many different types of monosaccharides may be 

present (Figure 1) and these may form many different structures. The 

polysaccharides may be relatively simple, such as the cereal /?-D-glucans which 

are linear polymers of glucose with /?-(1-*3),(1->4) glycosidic links (Figure 2), 

(Fincher and Stone, 1986). The other major cereal cell wall polysaccharides, the 

arabinoxylans, are more complex (Figure 3) being composed of two sugars, 

arabinose and xylose in a branched structure (Hoffmann, 1991, Annison et a/., 

1992). Even more complex polysaccharides may be present in legumes. The 

main NSP of lupins is a polymer with a highly complex branched structure 

containing long /?-(1->4)-D-galactose side chains attached to a pectin-like main 

chain consisting of rhamnose and galacturonic acid linked by /?-(1->4) and 

C7-(1—>2) bonds respectively. There are also side chains of a-(1-»5)-L-arabinose, 

(Cheung, 1991). 

Figure 2 Major soluble non-starch polysaccharide of barley: ß-(1-*3),(1-»4)-D-glucan. 

CH2OH 
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Figure 3 Major soluble non-starch polysaccharide of rye and wheat: arabinoxylan 
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Plant cell wall structure 

The great range in the chemical structures of NSPs means that they have 

different physical properties. These wil l be discussed later. It is important to 

emphasize, however, that NSPs do not generally exist as completely separate 

components in feedstuffs. Most NSPs are part of the cell wall and are closely 

associated with other polysaccharides or non-carbohydrate material such as 

protein and lignin (Fincher and Stone 1986; Selvendran et al., 1987). These 

associations must be considered because it is likely that they wil l influence the 

manner in which the NSPs behave when ingested. Solubility is an important 

property which determines the antinutritive activity of NSPs in broiler diets 

(Annison, 1993). The solubilities of NSPs are determined not only by their 

primary structure, but also by how they are bound to other cell wall compo

nents. 

Plant cell walls are highly ordered and consist of different polysaccharides, 

polyphenols, glycoproteins and glycolipids. The components are arranged in 

three main patterns to give fibrillar polysaccharides (mainly cellulose), matrix 

polysaccharides (mainly hemicelluloses and pectin) and encrusting substances 

(mainly lignin). The concentrations of these components vary between different 

plants and between different plant parts and are also influenced by the degree of 
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plant maturity. The structures of plant cell walls has been reviewed in detail by 

Selvendran et al., (1987). The structural arrangements within the cell wall wi l l 

also affect the physical and chemical properties of the polysaccharides and these 

may in turn affect their physiological action. 

A second level of association is the bonding between molecules of the cell 

wall components. There may be weak hydrogen bonding, as well as stronger 

ionic cross-linking through cations or covalent bonds. The arabinoxylans of 

wheat, for example, are thought to be linked to lignin through a phenolic acid 

ester bond. The arabinoxylans are also closely associated with wheat proteins 

and there is strong evidence that they are linked covalently. Fincher et al., 

(1974) isolated a covalently linked arabinogalactan peptide from wheat 

endosperm. The binding of the polysaccharides to other food components is of 

importance because of its influence on the solubility of the polysaccharide in 

aqueous media. 

Viscosity and water holding capacity 

Many polysaccharides when dissolved in water give viscous solutions. 

Viscosity is dependent on several factors including the size of the molecule, 

whether it is branched or linear, the presence of charged groups, the 

surrounding structures and, of course, the concentration. Polysaccharides 

increase viscosity at low concentrations by directly interacting with the water 

molecules. As the concentration increases the molecules of the polysaccharide 

themselves interact and become entangled in a network (Morris and 

Ross-Murphy, 1981). This process can cause great increases in the viscosity and 

is dependent on the formation of junction zones between the polysaccharide 

molecules. Gel formation can occur when the interactions of the polysaccharide 

molecules become great. Because of the formation of networks with water the 

viscosities and water holding capacities of soluble NSPs are relatively high 

compared with those of insoluble NSPs. Insoluble polysaccharides such as 

cellulose and xylans can hold water as they behave like sponges but their 

viscosities are relatively low. 

Binding of small ions and molecules and surface activity 

Some NSPs, such as the pectins may have a high charge density at given pH 

values because of the presence of acidic groups. Apart from the association of 
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cations with the negatively charged groups, in some NSPs the three-dimensional 

structure of the molecule allows a chelation of ions to occur. Indeed, cations can 

form ionic bridges between NSP molecules and profoundly influence their 

viscosities and gel forming properties. Although it has not yet been investigated, 

the possibility of cations acting as ion bridges between polysaccharides and 

small charged molecules should not be discounted. Small molecules may also 

be bound weakly to polysaccharides through both hydrophobic and hydrophillic 

bond interactions. 

NSP may also have a surface activity. Polysaccharides can present charged 

(negative and, less commonly, positive) as well as weakly hydrophobic and 

weakly hydrophillic surfaces. When in solution they tend therefore to associate 

with surfaces. For example, after ingestion these may be the surfaces of food 

particles, the surface of lipid micelles or the glycocalyx surface of the gut. 

Physiological effects of NSPs 

Because of the importance of the complex interactions between the different 

chemical components present in plant tissues, it makes little sense, nutritionally, 

to describe dietary fibre solely in chemical terms. Rather, it may be better to 

describe the cell wall polysaccharide components of feedstuffs in terms of their 

physicochemical properties, which are likely to be related to their physiological 

effects. 

It has been demonstrated in several laboratories that the addition of certain 

NSPs to broiler diets affect the birds ability to digest starch, protein and lipids 

(Table 1). It can be seen that lipid digestibility is particularly depressed by NSPs. 

Therefore, the process of fat digestion may be an appropriate mode to highlight 

how the physicochemical properties of NSPs affect the digestive processes. 

The process of fat digestion in monogastric animals has recently been 

reviewed by several authors (Freeman, 1976; Davidson and Glickman, 1983; 

Freeman, 1984; Bezard and Buguat, 1986; Stremmel, 1987). Limited informa

tion, however, is given as to how the physicochemical properties of NSPs might 

affect fat digestion in poultry. In order to put forward a mechanism by which 

NSPs may affect fat digestion in broiler chickens, it is therefore necessary to use 



total 
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Table 1 Effect of isolated soluble plant non-starch polysaccharides (NSPs) on the digestibility of 

starch, protein and lipids in broiler chickens. 

Reference Dietary treatment 

Choct and Annison Control diet 
(1992a) + 20 g/kg DM water-extracted pentosan 

+ 5 g/kg DM alkali-extracted pentosan 
+ 10 g/kg DM alkali-extracted pentosan 
+ 25 g/kg DM alkali-extracted pentosan 
+ 40 g/kg DM alkali-extracted pentosan 

Choct and Annison Control diet 0.98 0.69 0.71 0.96 
(1992b) + 30 g/kg pentosan 0.92 0.63 0.41 0.82 

+ 30 g/kg pentoses 
(15 g/kg arabinose + 15 g/kg xylose) 0.98 0.72 0.66 0.95 
+ 30 g/kg depolymerized pentosan 0.94 0.69 0.70 0.96 

Fengler and Marquardt Experiment I 
(1988) wheat based diet (52 %) 0.76 

wheat based diet + 15 g/kg crude pentosan' 0.74 
wheat based diet + 30 g/kg crude pentosan 0.60 
wheat based diet + 60 g/kg crude pentosan 0.51 

Experiment II 
wheat based diet (57.5 %) 0.75 
wheat based + 19 g/kg crude pentosan 0.65 

1 Crude pentosan: arabinose + xylose - 42 % DM 

information obtained from in vitro studies and in vivo studies with pigs, rats and 

humans. 

Physiological effects of viscosity and water holding capacity of soluble NSPs 

It has been noted that the ingestion of soluble, viscous NSP is associated 

with an increase in digesta viscosity in broiler chickens (White et al., 1983; 

Rotter et al., 1989; Bedford et al., 1991; Choct and Annison, 1992b). However, 

the mechanism by which viscosity affects the digestion of lipids is presently not 

known. Nevertheless, there is sufficient published information available to 

describe important antinutritive physiological effects that may be a consequence 

of viscosity. These effects are presented in Figure 4. 

The viscous properties can impair the diffusion and convective transport of 
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lipase, oils and bile salt micelles within the gastrointestinal contents. Edwards et 

al. (1988) demonstrated in vitro that the convective transport of glucose and 

sodium was impaired in a viscous environment. Moreover, viscosity may reduce 

the contact intensity between potential nutrients (e.g. fats) and the digestive 

secretions (e.g. lipases, bile salts), and impair transport to the epithelial surface. 

Isaksson et al. (1982) have shown in vitro that, in a viscous environment, the 

activities of lipase and other enzymes are reduced. However, in contrast to these 

findings, in vivo studies with rats fed on viscous polysaccharides have shown 

that the activity of enzymes in the gastrointestinal tract is increased rather than 

reduced after the ingestion of gelling agents (Ikegami et al., 1990; Poksay and 

Schneeman, 1983). This may have been caused by increases in pancreatic-biliary 

secretions. Moreover, the recent work of Larsen et al. (1994), who examined the 

effects of fibre viscosity per se on the proteolytic enzyme activities in the chyme 

of the rat using low fermentable carboxymethylcellulose with different 

viscosities, has shown that there was no significant effect of viscosity on enzyme 

activity. It therefore seems unlikely that a reduction in lipase activity limits fat 

digestion in viscous digesta. On the other hand, there is evidence that the low 

bile acid concentration in the intestinal tracts of young broilers limits fat diges

tion. Bile acids, which are necessary to emulsify the water insoluble fat 

components, promote lipase activity by increasing the active surface and 

subsequently enhance mixed micelle formation of monoacylglycerides, free fatty 

acids, cholesterol and fat-soluble vitamins. Although the broiler chick has a 

reserve of bile acids in the yolk sac after hatching, the concentration of bile 

acids in the gastrointestinal tract is relatively low in the first weeks of life (Green 

and Kellog, 1987; Inarrea et al., 1989). Supplementation of broiler diets with 

bile acids significantly improved fat digestion (Edwards, 1962; Gomez and Polin, 

1974, 1976; Polin et al. 1980; Polin and Hussein, 1982; Kussaibati et al., 

1982a). Kussaibati et al. (1982b) noted an improvement in fat digestibility in 

germfree and conventional broiler chicks fed on diets supplemented with bile 

acids and concluded that the response to bile acids is not entirely associated 

with an active microflora. According to Ebihara and Schneeman (1983), viscous 

NSPs may be able to entrap bile salts and thereby reduce their effectiveness in 

solubilising the fat components and subsequently lipid absorption. Campbell et 

al. (1983a) demonstrated that the addition of sodium taurocholate to a rye based 

diet substantially improved the digestibility of lipids by broiler chickens. 

Likewise, the lipid digestibility from a wheat-based diet was also improved by 

bile salt addition, but the magnitude of the improvement was less pronounced. 
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Figure 4 Effects of soluble, viscous non-starch polysaccharides (NSPs) that may be associated with the 

detrimental effect on the digestion of fat and protein in the small intestine of broiler chickens. 

Ingestion of 
soluble, viscous 
polysaccharides 

Fermentable 
NSP in digesta 

Viscosity 
digesta 

Retention time 
digesta 

Thickness of the 
unstirred water 
layer adjacent 
to mucosa 

Prolifera-
tionrate 
entero-
cytes 

Diffusive and 
convective 
transport 

Mucosal 
uptake of end 
products of fat 
and protein 
digestion 

Solubilisation 
of fat and 
hydrolysis of 
fat and protein 

Fermentation 
and bacterial 
colonisation 

Deconjugation 
and excretion 
bile acids 
Endougenous 
secretions 

Apparent ileal 
digestibility of 
fat and protein 



Non-starch plant polysaccharides 19 

For absorption to take place, the fatty acids and the monoacylglycerols must 

cross an aqueous barrier, the unstirred water layer (UWL) which is adjacent to 

the intestinal mucosa (Wilson et al., 1971; Wilson and Dietschy, 1974). It has 

been shown that gel-forming gums and pectin give rise to an increase in the 

thickness of the UWL (Johnson and Gee, 1981, Flourie et a/., 1984). According 

to Borgström et al., (1957) and Smithson et al. (1981) the mucus produced by 

goblet cells participates in the formation of the UWL by increasing the volume 

of the adherent mucosal fluid and its viscosity. According to Satchithanandam et 

al. (1990) dietary fibre may increase the secretion of mucus. Larsen et al. (1993) 

reported that rats fed on a diet containing highly viscous carboxymethylcellulose 

had a higher concentration of sialic acids relative to chromic oxide in the small 

intestinal contents than rats fed on a diet containing an equal amount of a low 

viscosity carboxymethylcellulose. This indicates that NSP viscosity induces a 

secretory response of mucus. It may increase the resistance for transport of 

nutrients through the UWL adjacent to the epithelial surface by increasing the 

thickness of the mucus layer and/or by changing the physicochemical properties 

of the mucus. 

Additionally, absorption may be affected by an increase in proliferation rate 

of the enterocytes and a change in the morphology of the villi and microvilli. 

Feeding rats various gelling agents increased the proliferation rate of the entero

cytes of the jejunum and distal ileum and decreased the activity of specific 

epithelial surface enzymes (Johnson et a/., 1984, Johnson and Gee, 1986). It has 

been demonstrated by Stremmel et al. (1985) in rats that the microvilli mem

branes contain a fatty acid binding protein (FABP) which is involved in the 

absorption of fatty acids (Potter et al., 1989). The absorption of fatty acids may 

be impaired by gelling agents if the effective surface of the microvilli and/or the 

functions of FABP in the mucosal membrane are diminished. 

Finally, increased endogenous losses caused by viscous NSP may also result 

in a decrease in the apparent digestibility of fat and nitrogen at the end of the 

ileum. Larsen et al. (1993) noted that the true digestibility of protein at the 

terminal ileum of rats was not affected by fibre viscosity. However, the endoge

nous nitrogen-loss was significantly increased with increasing fibre viscosity. It is 

also possible that endogenous lipid losses result in impaired apparent digestibil

ity of fat in broilers. Contrary to that of mammals, the bile of the broiler chicken 

contains a large amount of triacylglycerols and cholesterol esters (Noble and 

Conner, 1984; Noble et al., 1988). Ligation of the bile duct of chickens resulted 

in a 2-3 fold increase in the plasma lipid concentration (Cherry, 1972 (cited by 
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Cherry and Jones, 1982)) which suggests that appreciable amounts of lipids are 

carried in the enterohepatic cycle. Larsen et a/. (1993) showed that the extra 

endogenous nitrogen secretion found in rats was derived from mucus. An 

increased pancreatic-biliary secretion by gelling NSP may therefore only partially 

contribute to increased losses of endogenous lipid and nitrogen. 

In summary, the decrease in apparent fat digestibility induced by NSPs with 

viscous properties may be caused by a reduced fat emulsification or micelle 

formation, by a reduced mucosal uptake of lipids and by an increased amount of 

unabsorbed endogenous fat in the chyme. 

Interaction between viscosity and microflora 

The primary cause of the decrease in fat digestibility when NSPs are fed 

seems to be related to their viscosity. However, it is important to emphasize that 

the microflora may, at least partially, be indirectly responsible for the detrimen

tal effects. Choct et a/. (1992) reported that the deleterious effect of wheat pen

tosans on the digestibility of long chain fatty acids was less pronounced in 

caecectomised chickens than in intact chickens. Other workers have reported 

pronounced improvements in the performance of broiler chickens after 

supplementation of rye-based diets with antibiotics, whereas the magnitude of 

the improvement by antibiotic supplementation was less with the control diet 

(Misir and Marquardt, 1978). Elwinger and Teglöf (1991) demonstrated a 

significant interaction between an enzyme preparation and antibiotic 

supplementation in a barley-based diet fed to broiler chickens. In diets without 

antibiotic the enzyme preparation significantly improved growth rate and feed 

conversion ratio, whereas in diets supplemented with antibiotic the enzyme 

preparation had no significant effect on the performance of the birds. The effect 

of fibre viscosity per se (carboxymethylcellulose) on fat digestion in germfree 

broilers has recently been investigated directly (C.H.M. Smits and H.A. Vahl, 

unpublished data). The broiler chickens were given either a semi-synthetic 

control diet or this diet to which 0.5 or 1.0% carboxymethylcellulose had been 

added. The results of this study are presented in Table 2. Although the study did 

not involve conventional broiler chickens as controls, the results indicate that, in 

germfree chicks, fibre viscosity had negligible effects on fat digestibility. It can 

therefore be assumed that viscous NSPs must modify bacterial activity in order 

to lower fat digestibility. 
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Table 2 The effect of the concentration of carboxymethylcellulose (CMC) on digesta viscosity and the 

apparent digestibility of crude fat in germfree broiler chickens' (C.H.M. Smits and H.A. Vahl, unpub

lished data: see appendix for experimental details). 

Digesta viscosity (mPa.s) 2: 

Upper small intestine 

Lower small intestine 

0% CMC 

4 

6 

Diet 

0.5% CMC 

9 

19 

1 % CMC 

18 

92 

Fat digestibility (%) 85 85 83 

1 Chickens 3 weeks old, 10 birds per isolator, 1 isolator per treatment. The birds were given a semi

synthetic diet with tallow as fat source. Experimental diets were given for 14 days. 
2 Viscosity measured with Brookfield Viscometer DVII+ (shear rate 45 s , 40 °C). Upper small 

intestine: Contents from gizzard to Meckels diverticulum. Lower small intestine: Contents from 

Meckels diverticulum to ileocecal sphincter 

Van der Klis and van Voorst (1993) reported that carboxymethylcellulose 

significantly increased the average retention time of chyme in the gastrointestinal 

tract. It is likely that this creates an excellent environment for bacterial activity. 

The flow of digesta is reduced and the amounts of undigested material in the 

small intestine is increased. This gives the microflora more time and more 

substrate to colonise the proximal small intestine. A change in the rheological 

characteristics of the chyme, and as mentioned previously, in the 

physicochemical properties of the mucus layer may enhance bacterial adhesion 

to the mucosal surface. Adhesion between bacteria and epithelial cells is 

presumed to be important in the pathogenesis of given bacterial diseases. 

According to Mead (1993) Enterococci hirae is a well known example of a 

microorganism that is capable of colonising duodenal villi and depressing 

growth. Moreover, most of the soluble NSP sources are fermentable. An increase 

in bacterial activity in the gastrointestinal tract may cause a systemic effect on 

the gut secretions and morphology of the small intestine (Sakata, 1987). 

Finally, increased bacterial activity may cause an increase in the deconjuga-

tion of bile acids and this may impair the return of bile acids to the liver and 

their subsequent recycling into the bile. As a result, poor digestion of fat may 

occur by the reduced concentration of bile salts in the digesta and/or 
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malabsorption by the affected gut wall. 

It can be concluded that viscosity may be an important negative property of 

NSP and that its effects occurs at least partially by the interaction with the gut 

microflora. 

Physiological effects of water holding capacity of insoluble NSPs 

Although to a lesser extent than their soluble counterparts, insoluble non-

viscous NPSs are able to hold considerable quantities of water (van Soest, 1984; 

Robertson and Eastwood, 1981). The main effects of the waterholding capacity 

of insoluble NSPs are the ability to increase the bulk of the chyme and to 

enhance the digesta passage rate in the small and large intestines. These 

properties are affected by structure, particle size and fermentability (Robertson, 

1988). There is no conclusive evidence that the water-holding properties of non-

viscous NSPs impair the digestibility of fat, protein or starch. They might even 

prove beneficial in situations where there is enhanced bacterial activity in the 

hindgut. Laxative properties of non-viscous water-holding NSP may diminish the 

overall bacterial activity in the intestinal tract by decreasing the time available 

for fermentation in the gut. Moreover, bacteria may adhere to insoluble NSP 

structures. If it is assumed that the antinutritive effect of viscous NSPs is mainly 

caused by an increased bacterial activity, then non-soluble NSPs might be 

capable of partially alleviating the detrimental effects of viscous NSPs. This 

hypothesis may explain the results obtained by Rogel et al. (1987) where an 

improvement was noted in the starch digestion of low apparent metabolizable 

energy (AME) wheat after inclusion of oat hulls in the diet. 

Physiological effects of binding of ions and surface activity of NSPs 

In vitro studies have demonstrated that lignin, pectin and other acidic 

polysaccharides can adsorb bile acids (Story and Kritchevsky, 1976; Story, 

1986). The extent to which the adsorption can increase the excretion of bile salt 

and fatty acids in vivo remains to be established. According to Kritchevsky 

(1988) the adsorption of bile acids by fibre represents only a small part of the 

overall effect by which fibre affects lipid and cholesterol absorption. It is 

possible that the surface properties of NSPs reduce the ileal resorption of bile 

salts and subsequently enhance their deconjugation by the microflora, thus 

diminishing the bile acid pool. More information is needed to assess the 
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importance of this physical property. 

Conclusions physiological effects of physico-chemical properties of SISPs 

There is sufficient evidence to conclude that solubility and viscosity are 

important physical properties of NSPs and influence the digestion of fat, protein 

and starch in broiler chickens. Their effects appear to be mediated by the micro

flora. The water-holding property of non-viscous NSPs may be beneficial in 

specific circumstances where there is high bacterial activity in the gut. This is 

because it decreases the time that the intestinal contents are retained and 

provides a structure to which bacteria can attach. 

The implications of the physicochemical properties of NSPs to practical dietary 

evaluation 

The traditional chemical determination of NSPs 

As a result of the absence of the required endogenous enzymes, NSPs are 

assumed to be essentially indigestible in the upper intestinal tract of birds and 

monogastric mammals. Because of this, the NSPs are included as part of the 

'fibre'. In animal nutrition reference is still made to 'crude fibre' (CF), 'acid 

detergent fibre' (ADF) and 'neutral detergent fibre' (NDF). Each of these 

chemical determinations actually measures only part of the fibre as each is based 

on an aqueous treatment followed by recovery of an insoluble residue. Part of 

the fibre is lost through dissolution of the NSPs during the aqueous treatment. It 

is now clear that the soluble NSPs can affect various processes during digestion 

in broilers. Therefore, determination of NSPs in diets should be based on 

methods which measure both the soluble and insoluble fractions. In human 

nutritional science major developments in dietary fibre determinations have 

occurred over recent years and a variety of assays are available which quantify 

most of the soluble NSP components. Soluble NSPs are either measured 

separately or as part of the total dietary fibre. The methods involve enzymatic 

treatment of the sample in order to remove starch and protein. Quantification is 

usually achieved by weighing residues (Lee et al., 1992). This has the disadvan

tage of including some non-NSP components in the residues. Alternatively NSPs 
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can be determined as their component sugars (following hydrolysis and derivati-

zation) by gas-liquid chromatography or high performance liquid chromatog

raphy (Englyst et al., 1992). The disadvantage of this approach is that polyuron-

ates such as pectins are not detected, and can only be quantified after a further 

colorimetric assay. 

It is well established that in barley a soluble NSP, ß-(1->3),(1-»4)-D-glucan, is 

responsible for the poor nutritive value of this cereal for broiler chickens (White 

et al., 1981, White et al, 1983). Soluble ß-(1-+3),(1-*4)-D-glucan can be deter

mined specifically and conveniently in feedstuff samples using an enzymic-color-

imetric method (McCleary and Glennie-Holmes, 1985). Because of the great 

potential variation in polysaccharide structures it is unlikely that a single NSP 

assay wil l ever allow the prediction of nutritive value across all feed ingredients. 

It is possible that assays specific to particular NPSs wil l eventually have to be 

used for the routine quality control of feed ingredients. In the meantime, the use 

of CF, ADF and NDF should be discouraged and the methods used in dietary 

fibre analysis of human food adopted. 

Published values for the amount of NSPs in a selected range of ingredients 

used in poultry diets are shown in Table 3. Unlike CF, ADF and NDF data there 

is limited information available on the amounts of NSP (soluble, insoluble and 

total) in feed ingredients. Two points should be considered when examining the 

data. Firstly, they represent the results from a number of laboratories where a 

variety of methods have been used. However, an attempt has been made to 

present data only from studies where the techniques were comparable. Second

ly, the contents of NSPs vary between samples of feedstuffs and this may have 

profound consequences on their effects in broiler chickens when ingested. For 

example, Annison (1991) reported that the soluble NSP concentrations in wheat 

fell within the range 1.26-1.6% DM, values which correlated (r = -0.91) with the 

apparent metabolisable energy contents (AME) of the wheat (range 11.25-13.59 

MJ/kg DM). It is clear therefore that studies need to be made examining the 

concentrations of NSPs in the feed components currently being used in the 

broiler industry. These determinations should use standardised modern pro

cedures and be applied to as great a number of samples as possible so that the 

range of values occurring can also be determined. 

As has already been stated, the solubility of a NSP depends on many factors. 

Ideally, any in vitro assay to measure the soluble NSPs in a feedstuff should 

correlate closely with the amount of NSPs that becomes solubilised in the 

gastrointestinal tract. The methods described above do not meet this important 
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Table 3 Non-starch polysaccharide content of some ingredients (%DM). 

Ingredient 

Wheat 

Rye 

Barley 

Sorghum 

Maize 

Triticale 

Chick peas 

(Cicer arietinum) 

Lupins (Lupinus 

angustifolius) 

Peas, late picked 

(Pisum Sativum) 

Navy beans 

(Phaseolus vulgaris) 

Pinto beans 

(.Phaseolus vulgaris) 

Soyabean meal 

(Glycine max) 

White lupin 

(Lupinus albus) 

cotyledons 

Rape seed meal 

{Brassica campestris) 

Soluble Insoluble Total Main NSPs and concentration 

NSPs NSPs NSPs (%DM) 

2.4a 

4.6a 

4.5a 

3.3C 

4.0d 

2.5e 

5.7' 

6.3' 

13.9g 

9.0" 

8.6a 

12.2a 

7.4C 

34.0" 

32.2e 

11.7' 

13.1' 

16.4g 

11.4a 

13.2a 

16.7a 

10.7C 

38.0d 

34.7e 

17.4' 

19.4' 

30.3g 

Arabinoxylan - 6.05 

£-D-glucan - 0.5b 

Cellulose - 2.0a 

Arabinoxylan - 8.9b 

/ff-D-glucan - 1.2b 

Cellulose - 1.5a 

£-D-glucan - 7.6b 

Arabinoxylan - 3.3b 

Cellulose - 3.9a 

Arabinoxylan - 2.8b 

0-D-glucan - 0 . 1 6 

Arabinoxylan - 4.2b 

(ff-D-glucan - 0 . 1 b 

Arabinoxylan - 7.0b 

£-D-glucan - 0.7b 

Araban' - 4.9a 

Cellulose - 2.8C 

Complex polymer 

Complex polymer 

Complex polymer 

Complex polymer 

Complex polymer 

8.0s 20.0e 28.0e Complex polymer 

11.3g 34.8s 46.1s Complex polymer 

a Englyst, 1989; b Annison, 1991;c Englyst and Cummings, 1988; d Cheung, 1991; e Haddam and 

Aman, 1987; ' Chang et al., 1989; s Carré, 1992, adapted from data not corrected for residual 

proteins. ' Appears from the levels of the arabinose that arabinan is the main neutral polysaccharide 

present 
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criterion. Monro (1993) has proposed a method for determining soluble fibre 

which has been shown to be more predictive for in vivo solubilisation of NSP 

in rats than the more traditional methods. The procedure differs from others 

currently in use by extracting soluble fibre before and separately from starch 

hydrolysis and by using sequential treatments which mimic conditions in the 

stomach and small intestine. 

It should be clear from the earlier discussion, that even distinguishing the 

NSP component in terms of soluble and insoluble fractions, does not provide a 

satisfactory explanation for the physiological effects. Other physicochemical 

properties should be included in assessments of the NSP-components in 

feedstuffs and their relationship to nutritive values. 

Should a description of the physicochemical properties of NSPs be a part of 

routine feed evaluation? 

According to the presently described hypothesis concerning the action of 

NSPs in birds, in order to be able to predict the nutritive value of an ingredient 

it wi l l be necessary to determine those physicochemical properties of the NSPs 

that are closely correlated with the rheology of the digesta and with bacterial 

activity. Firstly, the viscous properties of NSPs may delay digestion and absorp

tion and may enhance bacterial activity. It is therefore evident that in vitro 

viscosity can provide information for monitoring the nutritional properties of 

NSPs. Secondly, the amount of soluble NSPs under physiological conditions 

found in the intestines of chickens may correlate significantly with the amount of 

fermentable NSPs (Carré, 1993). 

Accordingly, solubility of NSPs and in vitro viscosity should be included as 

standard measures in their screening. A general problem is that the methods 

used for measuring in vitro viscosity vary widely. Nevertheless, a determination 

of the in vitro viscosity of a supernatant of a centrifuged suspension prepared 

under physiological conditions may be appropriate (Bedford and Classen, 1993). 

It is assumed that the contribution of the insoluble NSP to viscosity is rather 

low, and that the addition of insoluble NSPs to the diet does not affect the 

digestibility of starch, protein and lipids to any great extent. According to our 

hypothesis, insoluble non-viscous NSPs have physicochemical properties in the 

intestinal tract that may accelerate the passage rate of digesta and may decrease 

bacterial activity in the hindgut. The extent to which insoluble NSPs affect 

digesta passage rate and bacterial activity in broiler chickens is, however, largely 
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unknown. 

In conclusion, An in vitro method capable of assessing the effects of dietary 

NPSs on the nutrition of the chicken would require to provide two pieces of 

information: the physiological solubilities of the NSPs present in the feedstuff 

(indicator related to fermentability of the NSPs) and the viscosity of the 

supernatant of the feedstuff prepared under physiological conditions (indicator 

related to delayed digestion and absorption and increased bacterial activity). 

Further research is required to determine precisely which conditions should be 

used and which parameters should be measured. 

Application of the proposed method to account for the physicochemical 

properties of NSPs 

The quality criteria for NSPs proposed above could be immediately to allow 

a ranking of given feed ingredients for antinutritive properties and this could 

have application in practical diet formulation. Several workers have related the 

solubility and in vitro viscosity of NSPs to the nutritive value of different 

varieties and sources of barley and wheat (Campbell et al., 1989; Annison, 

1991). However, the magnitude of the effects of the NPSs is dependent on 

animal and diet factors. Animal-dependent factors are age, health and microbial 

status, and diet-dependent factors are the amounts of NSPs and the dietary 

concentrations of other components such as fat, amino acids, vitamins and 

minerals. Consequently, it is probably too complex to predict exactly the 

response of the animal to the negative features of NSPs. Lowering the AME 

value during diet formulation of an ingredient that contains high amounts of 

soluble NSPs and a high in vitro viscosity may not be appropriate as the 

magnitude of the anti-nutritive effect may depend on the dietary inclusion rate 

and on the dietary concentrations and compositions of other ingredients. The 

effect of inclusion rate is clearly demonstrated in Table 1 from the data of Choct 

and Annison (1992a) and Fengler and Marquardt (1988). Inclusion rates of 10 

and 15 g/kg DM of wheat pentosan did not significantly affect the digestibility of 

lipids as the animal may have been able to tolerate the low viscosity. The 

digestive and absorptive capacity of the broilers fed on these diets was evidently 

sufficient to maintain lipid digestibility at the level of the control birds. How

ever, at inclusion rates of 25 and 30 g/kg DM the pentosan-fraction was capable 

of exerting its antinutritive properties and subsequently the digestibility of lipids 

was depressed. It therefore appears that there is a non-linear relationship 
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between the inclusion rate of soluble viscous NSPs and the digestibility of lipids. 

In summary, while it is possible to rank the quality of ingredients on the basis of 

the physicochemical properties of NSPs, it is not appropriate to predict their 

AME values on this basis and subsequently use them in practical diet formula

tion. 

A way in which knowledge of the physicochemical properties of NSPs may 

be used in practical diet formulation could be to assume that the broiler has a 

'threshold' level below which the antinutritive properties of NSPs are not 

evident. Ingredients with soluble and viscous NSPs may be included in the diet 

but their inclusion rate should not exceed this threshold. Some important factors 

have to be considered. Firstly, the threshold level may be different for the young 

broiler chicken compared to the chicken at 6 weeks of age as the digestive and 

fermentative 'capacity' increases with age. Petersen et a/. (1992) demonstrated 

that there is a noticeable reduction in in vivo viscosity in the foregut as the age 

of the broiler increases. Secondly, the in vitro viscosities of the ingredients may 

not be additive. Research is needed to derive a method capable of predicting the 

viscosities of mixed diets from the viscosities of the separate ingredients. The 

problem of additivity may be circumvented by determining the physicochemical 

properties of mixed diets. This is not ideal, however, given current least cost 

feed formulation practices but would serve as a general assessment of formu

lated diets. 

Finally, the determination of soluble NSPs and their in vitro viscosities can 

be applied for determining and describing the effects of various processing 

techniques on NSP activity in the mixed diets. Depolymerisation of NSPs by 

enzyme addition to broiler diets lowers the in vitro and in vivo viscosity and 

may alter the amount of soluble NSPs. Heat treatment can also affect NSP 

properties. Irradiation of rye lowers the degree of polymerisation of the pentosan 

fraction and reduces in vitro viscosity (Patel et a/., 1980, Campbell et a/., 

1983b). It was noted by Classen and Bedford (1991) that the solubilities of NSP 

and their viscosities may be increased by autoclaving, pelleting and extrusion. 

The approach currently proposed includes a determination of the 

physicochemical properties of NSP. Development and validation wil l be needed 

before an acceptable technique can be applied. 
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