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ABSTRACT 

Ileal and faecal excretion of the non-cellulosic components of the dietary fibre was studied in 
cannulated pigs fed wheat (control) and two inbred lines of rye with low and high (3.8% and 5.6%) 
level of soluble dietary fiber (SDF). As compared to the intake,the major fiber components arabinose 
and xylose were excreted in the ileal digesta in 81.9 and 81.8% after feeding with low-SDF rye 
and in 79.3 and 79.5% when wheat was fed to the animals. Significantly lower fiber degradation was 
observed after feeding pigs with high-SDF rye; the recovered arabinose and xylose amounted to 93.3 
and 90.6%. It was also found that in the small intestine both sugars disappeared to the similar extent. 
Unlike in the ileal digesta, in faeces the lowest excretion of arabinose and xylose was observed after 
feeding pigs with high SDF rye (44.0 and 22.7%), the highest when wheat was fed (52.3 and 32.1%) 
and intermediate for low-SDF rye (49.2% and 28.3%). Whatever the diet, xylose was disappearing in 
a higher proportion than arabinose. Glucose absorption in the small intestine was notably influenced 
by the diets; more was found in the digesta after feeding ryes (14.5 and 11.2%) than wheat (6.6% of 
the intake). This can be explained by different viscosity of the cereals. It was estimated that glucose 
recovered in the digesta originated in about 69% from starch. Only trace amounts of glucose were 
found in faeces. 

KEY WORDS: non-cellulosic polysaccharides, dietary fibre, ileal degradation, large intestinal 
degradation, wheat, rye 

INTRODUCTION 

Dietary fibre (DF) is defined as the plant polysaccharides and lignin, which 
are resistant to hydrolysis by the digestive enzymes of monogastrics (Trowell et 
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al., 1976). For analytical purposes the term DF refers mainly to non-starch 
polysaccharides (NSP) and lignin, but in fact they form a heterogenous 
complexes with proteins, cutin, waxes, phenolic esters and inorganic constituents 
(Selvendran et al., 1987). The main components of cereal NSP are arabinoxylans 
(pentosans), which constitute about 10 % of dry matter in rye (Antoniou et al., 
1981) and 5.7-8.2% in wheat (Annison, 1990). The arabinoxylans of rye, in 
comparison with those of wheat, are more branched and have much higher (2-3 
times) content of soluble fraction (Hoseney, 1984). Soluble arabinoxylans of 
cereals possess anti-nutritive activity, when present in diets for monogastric 
animals, especially for broiler chicken (Rakowska et al., 1992; Annison, 1990). It 
is connected with their ability to form highly viscous water solutions (Meuser and 
Suckow, 1986). On the other hand, these properties determine rheological 
behavior of doughs and the texture of bakery products (Delcour et al., 1991) as 
well as beneficial effects in the prevention of certain gastrointestinal and vascular 
diseases (Roehrig, 1988). In the digestive tract of man and monogastric animals, 
NSP are degraded by bacterial enzymes into monosaccharides, which are the 
main energy substrates for bacterial fermentation (Cummings et al., 1986; Bach 
Knudsen et al., 1991). The end-products of fermentation are: lactic acid in the 
stomach and in the small intestine, short-chain fatty acids and gases which 
predominate in the large intestine (Clemens et al., 1975). The extent of microbial 
breakdown of NSP is influenced by many factors such as composition of 
NSP-fractions, degree of cell wall lignification, structure and size of particles, an 
amount of bound silicon, DF intake, other ingredients of a diet (starch), 
processing of foods and feeds, digesta transit time and number and types of 
bacteria in the intestinal tract (Selvendran et al.,1987). 

According to Moughan et al. (1994) there are marked similarities between the 
pig and the human in the morphology and function of the digestive tracts. The 
authors presented many inter-species comparisons of nutrient digestion making 
a case for the pig as a model animal in human nutrition studies. 

The present work was undertaken to characterise polysaccharide fractions 
and to study the rate of degradation of non-cellulosic polysaccharides (NCP) of 
two inbred lines of rye differing in soluble dietary fibre and wheat (control cereal) 
along the digestive tract of pigs. 

MATERIAL AND METHODS 

Pigs and diets 

The grain of two inbred lines of rye containing different levels of soluble 
dietary fibre (SDF) and of wheat used as a control (produced the same year on 
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close fields) were fed to five Large White x Landrace castrated male pigs, within 
their body weight from 30 to 50 kg. Before the experiment a simple 22 mm 
diameter T-shape cannula was inserted into the terminal ileum of the pigs. The 
diets consisted of ground cereals (96.5%), mineral and vitamins mixtures and 
lysine as well as chromium oxide, used as a marker (0.30%, Table 1). Each diet 
was given to five pigs according to cross-over design at the level of 2.7 times their 
assumed maintenance requirement for energy (2.7 x 500 kJ ME/kg W 0 7 5 ) . The 
animals were kept in metabolism cages and fed at 12 h intervals. After a 7-day 
preliminary period, the faeces were collected continuously over 72 h and then the 
digesta for 36 h; the collected materials were immediately frozen. 

TABLE l 
Composition of diets, % 

Diets 

Components 
Rye Wheat 

Rye/wheat grain 96.60 96.50 
Dicalcium phosphate 1.00 1.00 
Limestone 1.00 1.00 
Polfamix P1 0.50 0.50 
Salt 0.33 0.33 
L-Lys-HCl 0.27 0.37 
Cr 2Q 3 0.30 0.30 
1 contributed (mg/kg diet): wit. A 5000IU, wit. D 3 1500IU, wit. E 5; wit. 

K 2.5, wit. Bj 2.5, wit. B 2 7.5, wit. B 6 2.5, wit. B 1 2 20 /zg, wit. C 50, 
pantothenic acid 20, folic acid 0.5, nicotinic acid 40, olaquindox 40, 
iron 15, zinc 10, copper 0.75, cobalt 0.5,manganese 15 

Chemical analysis 

The samples from each animal were pooled and freeze-dried prior to analyses. 
Dry matter was estimated by oven-drying to constant weight at 105°C. Chromic 
oxide was analysed according to Kimura and Miller (1957). Soluble and 
insoluble dietary fiber fractions were isolated from diets by gravimetric method 
based on enzymic digestion of starch and protein as described by Asp et al.(1983). 
DF fractions from diets, digesta and faeces were hydrolysed in I N TFA at 125°C 
for 1 h to measure non-cellulosic polysaccharides. Aldononitrile acetate deri­
vatives of neutral sugars were obtained according to McGinnis (1982). The 
samples were analysed using Varian 3700 gas chromatograph, equipped with 
hydrogen flame ionization detector and DB-WAX wide bore capillary column. 
For calculation of individual monosaccharides in the samples, the correction 
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factors were used for losses during hydrolysis and derivatization, and for 
response on the gas chromatography. Allose was used as an internal standard. 
The values obtained were expressed as polysaccharides by multiplying pentoses 
with 0.88 and hexoses with 0.90. Klason lignin was measured gravimetrically 
according to Theander and Westerlund (1986). Starch was assayed by enzymic 
method (Aman and Hesselman,1984), followed by the chromatographic es­
timation of glucose. Viscosity of the suspensions of cereal flours in 0.2 M sodium 
phosphate buffer, pH 5.6 (1:3 w/v) was measured with Rheotest-2 at constant 
temperature (30°). 

Statistics 

Analysis of variance was performed using microcomputer statistical pro­
gramme for data analysis (Agro). Differences were considered significant at 
P<0.05. 

RESULTS AND DISCUSSION 

Content and composition of dietary fibre fractions of cereals 

The results given in Table 2 show that the amount of SDF found in low-SDF 
rye was two times higher and in high-SDF rye almost three times higher than that 
of wheat (2.0% DM). The content of total DF, calculated as a sum of insoluble 
and soluble fractions, found in low- and high-SDF ryes was 19.1 and 22.2%, and 
only 12.2% in wheat. These values are in good agreement with those reported by 
Plaami et al. (1989) for rye and reported by Nyman et al. (1984) for wheat. 
Non-cellulosic polysaccharides comprised 7.8% of dry matter in wheat but 13.2 
and 16.7% in the low- and high-SDF ryes. In these cereals arabinoxylans (sum 
of arabinose and xylose) were the main NCP constituent (from 75.1 to 76.2%), 
together with non-cellulosic glucose. Mannose occurred in the amount of 1.5, 3.1 
and 2.9%, whereas level of galactose was somewhat higher and made up 5.0, 4.8 
and 4.0% of NCP of wheat, low- and high-SDF ryes, respectively. Soluble 
polysaccharides constituted 21.1, 26.0 and 32.7% of total NCP found in the 
mentioned cereals. Composition of SDF of rye is consistent with the results 
reported by Bengtsson et al. (1992) and the results for NCP composition and 
lignin content of wheat are in agreement with those obtained by Nyman et al. 
(1987) as well as by Theander and Westerlund (1986). 

Suspension of the high-SDF rye flour had threefold higher viscosity than that 
of low-SDF rye (1270 mPa-s) and many times higher than that of wheat. 
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Ileal excretion of non-cellulosic polysaccharides 

No significant differences were observed between ileal excretion of arabinose 
(81.9 and 79.3% of intake) and xylose (81.8 and 79.5%) after feeding low-SDF 
rye or wheat diet (Table 3), and the sugars disappeared to the same extent in the 
small intestine. After feeding pigs with high-SDF rye diet arabinoxylans were 
poorly degraded and arabinose and xylose were highly recovered (93.3 and 
90.6%) in the digesta. It was notable, that the ratio of xylose to arabinose in the 
diets (1.54, 1.47, 1.64) and in the corresponding digesta were similar (1.55, 1.48 
and 1.64 for wheat and for low- and high-SDF ryes, respectively), however, the 
values differed among the cereals. These results might be referred not only to 
higher level of NCP in rye, but also to the structural differences of soluble 
arabinoxylans existing in different rye strains (Bengtsson et al.,1992). 

There were no significant differences between ileal recovery of mannose from 
wheat (91.7%) and high-SDF rye (87.2%) diets. The respective value for 
low-SDF rye diet was significantly lower (80.8%). Very low degradation in the 
small intestine was observed for polysaccharides containing galactose; after 
feeding pigs with rye diets the sugar was recovered in about 97% and after wheat 
diet in 92%. 

The values of glucose recovery were only 6.6, 11.2 and 14.5% in the ileal 
digesta of pigs fed with wheat and with low- and high-SDF rye diets, respectively. 
It is worthy to note, that the level of total glucose recovered in the digesta after 
feeding all the diets was three times higher than the level of non-cellulosic 
glucose, recovered in starch-depleted DF fractions of the cereal flours (Table 2), 
deriving mainly from jS-glucans. These results indicate, that the part of glucose 
originated from starch constituted significant amount of residual glucose (on 
average 69%) found at the end of the small intestine. It is supposed that higher 
SDF level in diets may decrease starch digestibility, irrespective of its level in the 
cereals (Table 2). According to Englyst and Cummings (1993) cereal starch is 
classified as slowly but completely digestible, although existing physically 
inaccessible form of starch, enclosured within particle structures of milled grain, 
seems to be major reason of incomplete starch digestion in the case of wheat diet. 
As compared to wheat, two-three times higher amount of SDF in rye, with its 
ability to form viscous solutions (Table 2) seems to be also important reason for 
uncomplete digestibility of starch. In human beings this might be of medical 
importance, especially in respect to diabetics. Similar results were obtained by 
Jenkins et al. (1977, 1980) with guar gum and guar-enriched breads used for 
human consumption. Studies on pigs and men have demonstrated that 
increasing intake of certain fibers, particularly those creating highly viscous 
condition in the intestine, can modify the secretion of some hormones, including 
insulin, glucagon, gastric inhibitory polypeptide and possibly cholecystokinin 
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TABLE 2 
Composition and content of dietary fibre and starch in wheat and rye grains (% of dry matter) and 
viscosity of the cereal flours 

Wheat Low-SDF rye High-SDF rye 

Dietary fibre 

Insoluble 10.16 15 30 16. 56 
Soluble 2.00 3 80 5. 60 
Total 12.16 19 10 22. 16 

Non-cellulosic polysaccharides 

Arabinose 2.30 (0.35)1 3.77 (0.89) 4.82 (1 50) 
Xylose 3.55 (0.58) 5.59 (1.47) 7.92 (2 78) 
Mannose 0.12 (0.04) 0.41 (0.14) 0.49 (0 14) 
Galactose 0.41 (0.24) 0.63 (0.22) 0.67 (0 25) 
Glucose 1.40 (0.44) 2.75 (0.68) 2.82 (0 79) 
Total NCP 7.78 (1.65) 13.15 (3.42) 16.72 (5 46) 

Klason lignin 2.13 2 89 3. 18 

Starch 71.82 67 52 65. 10 

Viscosity2 24 1270 4284 

values in parentheses represent soluble fraction expressed in % D M 
! expressed in mPa-s 

TABLE 3 
Ileal digesta content (% of dry matter) and excretion (% of intake) of sugars after feeding pigs with 
cereal diets 

Diets 

Wheat Low-SDF rye High-SDF rye 

Content Excretion Content Excretion Content Excretion 

Arabinose 1.76 79.3A 2.98 81.9A 4.35 93.3B 

Xylose 2.73 79.5A 4.42 81.8A 6.93 90.6B 

Mannose 0.11 91.7A 0.32 80.0B 0.41 87.2A 

Galactose 0.37 92.2a 0.59 96.7b 0.63 96.9b 

Glucose1 4.66 6.6A 7.63 11.2B 9.53 14.5C 

1 sum of noncellulosic glucose and of residual starch glucose 
a, b, c - P^0.05 
A, B, C - P ^ 0 . 0 1 
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(Vahouny and Cassidy, 1985). A lower postprandial glycaemic response as well 
as reduction of serum cholesterol are related to fibre viscosity (Graham and 
Aman, 1991) which reduces both the rate and extent of absorption from the small 
intestine. 

The present study indicates that there is, though limited, degradation of NCP 
in the upper part of the digestive tract of pigs, what is in agreement with other 
findings (Bach Knudsen et al., 1991; Graham et al., 1986). Some degradation of 
easily fermentable dietary fiber components, such as arabinoxylans and 
/?-glucans was also observed in the small intestine of men by Aman et al. (1994). 

Faecal excretion of non-cellulosic polysaccharides 

In contrast to low degradation found in the upper part of the digestive tract, 
much higher breakdown of NCP was observed in the large intestine, where the 
residual glucose disappeared to the highest extent (Table 4). There were no 
differences in faecal excretion of this sugar between rye diets (1.0 and 1.0%), 
while it was negligible (0.5%) for wheat diet. The lowest faecal excretion of 
arabinose (44.0%) was found for high-SDF rye diet and it was significantly 
different from those found for low-SDF rye and wheat diets (49.2 and 52.3%, 
respectively). In contrast to the ileal, the faecal excretion of xylose was notable 
lower (22.7, 28.3 and 32.1%, after feeding wheat, low- and high-SDF rye diets) 
as compared to the respective values of arabinose. 

The above findings suggest, that microflora of the large intestine depolimeri-
zes the main xylan chain, leaving arabinose substituents attached to the xylose 
monomers, since xylose to arabinose ratio decreased to 0.95, 0.85 and 0.85, for 
wheat, low- and high-SDF rye diets, respectively. These results are similar to 

TABLE 4 
Faecal content (% of dry matter) and excretion (% of intake) of sugars after feeding pigs with 
cereal diets 

Diets 

Wheat Low-SDF rye High-SDF rye 

Content Excretion Content Excretion Content Excretion 

Arabinose 1.16 52.3A 1.79 49.2B 2.05 44.0C 

Xylose 1.10 32.1A 1.53 28.3B 1.74 22.7C 

Mannose 0.04 33.3A 0.05 12.5B 0.06 12.8B 

Galactose 0.20 50.0a 0.36 59.0b 0.37 56.9b 

Glucose1 0.31 0.5A 0.67 1.0B 0.67 1.0B 

1 sum of non-cellulosic glucose and of glucose originated from starch mean values within a row with 
the same superscript letter were not significantly different; 
P^O.01 for a, b, c and P^0.05 for A,B 
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those obtained by Bjorck et al.(1984), who reported decrease of xylose to 
arabinose ratio from 1.55 calculated in a diet to 1.13 estimated in faeces of rats 
fed wheat grain. The highest degradation of arabinoxylans after feeding pigs with 
high-SDF rye diet can be related to its higher level of SDF, which is more 
available to bacterial degradation (Nyman, 1985). Although the fermentation of 
the fibre by the microflora of the large intestine is not limited to its soluble 
fraction, in fact some soluble fibres are only partially fermented (Wursch, 1991). 
The faecal excretion of galactose was 50.0, 59.0 and 56.9% and of mannose was 
33.3, 12.5 and 12.8%, respectively for wheat and low- and high-SDF rye diets. 
Degradation of their polymers followed the same tendency as that of arabinoxy­
lans. 

In the large intestine, where the digesta may be retained for prolonged periods 
of time, allowing prolific microbial growth (Anugwa et al., 1989), the NCP of 
high-SDF rye were fermented to higher extent than of the other cereals. This can 
be related to higher level of short chain fatty acids (SCFA) which are the 
principal end-products of fibre degradation in the large intestine of various 
mammals, including humans (Cummings et al., 1987). Most of the SCFA are 
absorbed through the colonic mucosa and may contribute to human energy 
supply. Up to 70-75% of polysaccharide energy may become available for 
human metabolism (Wisker et al., 1988). It should be noticed, that SCFA 
production occurs always, even when no dietary carbohydrate or fibre is 
ingested, because intestinal mucus and other endogenous materials containing 
aminosugars and sugars are also fermented (Aman et al., 1994). 

Higher proportion of DF which is resistant to microbial degradation, in 
comparison with more easily fermented sugars, usually have a greater faecal 
bulking effect, adsorb and dilute the possible mutagens and tumor promoters as 
well as reduce the transit time. Al l these properties decrease the incidence of 
colon cancer (Schweizer and Wursch, 1986). Moreover, it has been shown that 
resistant type of fibre adsorb bile acids and influence their metabolism (Wursch, 
1991). 

Assuming that growing pigs are good model animal for humans, it can be 
concluded that inclusion of optimal proportion of rye with high-SDF content 
into human diets (breakfast cereals and breads) may have a beneficial effect in 
prevention of civilization diseases. 
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STRESZCZENIE 

Rozklad polisacharydow wlokna pokarmowego zyta w przewodzie pokarmowym rosn^cych swin 
uzytych jako zwierzf modelowe do badan trawienia u ludzi 

Oznaczono stopieh rozkladu niecelulozowych polisacharydow wlokna pokarmowego do kohca 
jelita cienkiego oraz w calym przewodzie pokarmowym rosn^cych swih, karmionych pszenica. (dieta 
kontrolna) oraz zytem z dwoch wsobnych linii o zroznicowanej zawartosci rozpuszczalnego wlokna 
pokarmowego (SDF). Zawartosc arabinozy i ksylozy wyrazona procentowo w stosunku do ilosci 
spozytej nie roznila si? istotnie w tresci z kohca jelita cienkiego swih karmionych dieta. pszenna. (79,3 
i 79,5%) oraz zytnia. o niskiej zawartosci SDF (81,9 i 81,8%,). Natomiast w przypadku diety zytniej 
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0 wysokiej zawartosci SDF wartosci te byly znacznie wyzsze (P<0,01; 93,3 i 90,6%). W kale 
natomiast stwierdzono najnizsze wydalanie arabinozy i ksylozy w stosunku do ilosci spozytej 
w przypadku zywienia dieta. zytnia^ o wysokiej zawartosci SDF (44,0 i 22,7%), a istotnie wyzsze 
(P < 0,01) przy zywieniu dietâ  zytnia^ o niskiej zawartosci SDF (49,2 i 28,3%) oraz dietâ  pszenna. (52,3 
1 32,1 % ) . Ubytek ksylozy byl znacznie wi?kszy (okoto 20%) niz arabinozy przy zywieniu wszystkimi 
zbozami. Zawartosc glukozy w skladnikach tresci jelita cienkiego byla najnizsza po podaniu diety 
pszennej i wynosila 6,6% glukozy spozytej, glownie w postaci skrobi; w przypadku diet zytnich 
obserwowano znacznie wyzszq. jej zawartosc, stanowiaxa, 11,2 i 14.5% ilosci pobranej odpowiednio 
w diecie o niskiej i wysokiej zawartosci SDF. Glukoza pochodz^ca ze skrobi stanowila przecietaie 
69% ogolnej jej zawartosci w tresci z konca jelita cienkiego. W kale stwierdzono tylko sladowe ilosci 
badanych skladnikow zawieraj^cych glukozy. Przypuszcza si?, ze na degradacj? niecelulozowych 
polisacharydow wlokna pokarmowego wplywa nie tylko zawartosc SDF w ziarnie zboz, ale takze 
zroznicowana struktura tych polimerow. 

Wydaje si?, ze zyto o wi?kszej zawartosci SDF, wykazuj^c wyzsza. lepkosc i wolniejszy rozklad 
polisacharydow w jelicie cienkim, moze stanowic korzystniejszy skladnik pokarmu ludzi, zapobiega-
ja.c chorobom objawiaj^cym si? zbyt wysokim poziomem glukozy, czy cholesterolu, lub lagodz^c ich 
przebieg. 


