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The digestion of fibre by pigs

1. The effects of amount and type of fibre on apparent digestibility,
nitrogen balance and rate of passage

By GEORGE STANOGIAS* aAND G. R. PEARCEY

School of Agriculture and Forestry, University of Melbourne, Parkville,
Victoria 3052, Australia

(Received 18 September 1984 — Accepted 20 November 1984)

1. The effects of the amount and the type of dietary fibre on the apparent digestibility (AD) by growing pigs
of neutral-detergent fibre (NDF) and NDF components, on nitrogen balance and on the rate of passage of digesta
were studied using a semi-purified basal diet and fibre in the forms of soya-bean hulls, lupin (Lupinus sp.) hulls,
pea (Pisum sativum) hulls, wheat bran, maize hulls, maize cobs, oat hulls and lucerne (Medicago sativa) stems.

2. Both the amount and the type of dietary fibre significantly influenced the AD of dietary dry matter, N and
energy. The AD of NDF and of NDF components was markedly affected by the type and the amount of fibre
in the diet. The proportion of NDF digested ranged from 0-016 to 0-905, of cellulose from 0-026 to 0-931 and
of hemicellulose from 0-010 to 0-999. ‘

3. N retention by the pigs ranged from 12-9 to 25-8 g/d and with some fibres there was a tendency towards
increased N retention with increasing intakes of NDF.

4. Rate of passage of digesta, expressed as the 50 and 959, excretion times of stained feed particles, ranged
from 22-2 to 85-1 h and 40-0 to 117-1 h respectively. Large individual variations in rate of passage occurred but,
in general, the rate of passage tended to increase with increasing intakes of NDF. No strong associations between
the rate of passage of digesta and apparent digestibility of NDF components were observed.

5. The results suggest that the extent of fibre digestibility depends predominantly on the origin of the fibre and
to a lesser extent on the amount of fibre in the diet.

In many studies on the utilization of dietary fibre by pigs, the digestibility of fibre itself
and its effect on the digestibility of other dietary components have been assessed using crude
fibre as the component representing dietary fibre. However, depending on the relative
contents of cellulose, hemicellulose, pectins and lignin, crude fibre almost always represents
only part of the real fibre intake of the animal (Van Soest & McQueen, 1973). Thus,
depending on the source and, hence, chemical composition of the fibre used, measurements
based on crude fibre may lead to inaccurate estimations of the apparent digestibility (AD)
of dietary fibre. Misleading information might also be obtained when purified celluloses
are used as a source of dietary fibre, because they differ considerably from natural cellulosic
materials in their physical and biological properties (Van Soest, 1978) and they may be more
resistant than normal celluloses to microbial digestion in the large intestine of pigs. Other
factors known to affect the digestibility of fibre by pigs include variability among individual
animals (King & Taverner, 1975), restricted or ad /ib. feeding, adaptation, age and live
weight of the animal (Cunningham et al. 1962; Henry & Etienne, 1969; Gargallo &
Zimmerman, 1981), level of fibre in the diet (Farrell & Johnson, 1972; Gargallo &
Zimmerman, 1980, 1981) and presence in the diet of components such as sugars (Skipitaris
et al. 1957), fats (Kennelly & Aherne, 19805) and antibiotics (Friend et al. 1963; Gargallo
& Zimmerman, 1980).

In the work reported here the effects of varying intakes of fibre from different sources
on the AD by pigs of neutral-detergent fibre (NDF) and NDF constituents were studied.

* Present address: Livestock Institute, Giannitsa, Greece.
1 For reprints.
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The suggestion by Keys et al. (1969) that pigs appear to be able to digest hemicellulose to
a greater extent than cellulose led us to choose fibres with cellulose: hemicellulose values
extending over a wide range. In order to eliminate any interference in the digestibility
measurements caused by the presence in the diet of fibre from a source other than the test
one, a basal diet composed of semi-purified components was used. Because the NDF content
in the fibre sources varied widely, in order to determine the AD of NDF and NDF
constituents at equal levels of intake by the pigs, diets were formulated to contain equal
amounts of NDF rather than equal amounts of dry matter (DM) from each fibre source.
The effect of the level of intake and the type of fibre on the AD of other dietary components
was also determined.

If the level of fibre intake and the type of fibre in the diet should affect the AD of dietary
components, this might be associated with differences in rate of passage of food through
the alimentary tract. Therefore, rate of passage of the diets containing the different types
of fibres at varying levels were determined concurrently with the AD determinations.
Because of the difficulties associated with identifying and counting stained feed particles
the effectiveness of using as a marker polyethylene beads, which can be easily recovered
and counted, was assessed with some of the fibre sources.

MATERIALS AND METHODS
Animals

The animals used in these experiments were entire male pigs of the Large White breed and
of an initial mean body-weight of 45 (SE 2) kg. They were maintained in metabolism cages
equipped with movable sides, a feeding trough and a tray beneath for collection of food
spillages. A metal tray at the back of each cage enabled faeces collection to be made and
plastic sheets were used to direct urine into collection buckets during balance studies. The
temperature of the room in which the pigs were housed was approximately 21°. The animals
remained here for 30 d of which 20 d were used for adaptation and 10 d for the collection
of faeces and urine. Because measurements of the rate of passage of digesta were made
at the same time as the AD measurements, faeces were collected every 4 h until no more
stained particles, used for the determination of the rate of passage, could be detected in
the faeces. Thereafter, collection of faeces was made at 08.00 and 20.00 hours. Samples were
stored at — 15° until needed. Urine was collected in hydrochloric acid (100 ml/1), bulked
over the collection period and stored at — 15°. Following the collection period, the pigs were
slaughtered.

Diets and feeding

Diets containing four concentrations of NDF from each of eight sources of fibre were used.
The NDF contents of these diets, expressed relative to the DM contributed by the basal
diet and that contributed by the NDF portion of each fibre, were 75, 150, 225 and 300 g/kg
dry matter. The materials used to provide these levels of NDF in the diet were soya-bean
hulls, lupin (Lupinus sp.) hulls, pea (Pisum sativum) hulls, wheat bran, maize hulls, maize
cobs, oat hulls and lucerne (Medicago sativa) stems, all of which were hammer-milled
through a 3 mm screen. There were, therefore, thirty-two treatments and, as three pigs were
allocated to each treatment, a total of ninety-six pigs were involved. The daily allocations
of feed per pig of the diets containing 75, 150, 225 and 300 g NDF /kg consisted of 856 g
of basal diet DM and amounts of each fibre source that would provide 69, 151, 249 or 367 g
NDF respectively. Each day’s feed allowance was given in two equal meals at 08.00 and
16.00 hours and was mixed with sufficient water to form a gruel. All pigs were provided
with additional water except those given the highest amount of NDF.,
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Table 2. Mineral composition of fibrous materials (mg/kg DM)

Source of fibre Calcium  Phosphorus  Magnesium  Sodium  Potassium  Zinc
Soya-bean hulls 5100 900 2300 ND 17600 47
Lupin (Lupinus sp.) hulls 3300 < 500 600 < 500 3500 34
Pea (Pisum sativum) hulls 4200 800 3200 < 500 8600 31
Wheat bran 700 11800 2700 < 500 15500 66
Maize hulls < 500 700 < 500 ND 3800 10
Maize cobs < 500 1300 < 500 < 500 13900 66
Oat hulls < 500 600 600 < 500 7000 6
Lucerne (Medicago sativa) stems 4600 2400 1300 2300 18200 27

ND, not detectable; DM, dry matter.

Table 3. Ingredients (g/kg DM) in the basal diet and its chemical composition

Ingredient
Casein 177-0
Starch 522:0
Sucrose 165-0
Maize oil 440
Dicalcium phosphate 654
Potassium carbonate 88
Magnesium carbonate (3MgCO, . Mg(OH), . 3H,0) 32
Sodium chloride 50
Choline chloride 23
Premix* 73

Chemical composition
Nitrogen 27
Diethyl ether extract 48
Ash 72
GE (kJ/g DM) 18-7

DM, dry matter; GE, gross energy.

* The premix contributed vitamins and trace minerals (mg/kg air-dry diet) as follows: vitamin A I, vitamin
D 0-01, vitamin E 29, vitamin K 1-5, thiamin 29, riboflavin 4-9, pyridoxin 4-9, cobalamine 0-02, pantothenic
acid 19+7, nicotinic acid 2-4, niacin 24-1, Fe 76-6 as FeSO,.7H,0, Mn 43-8 as MnSO,.H,0, Zn 98:6 as
ZnS0O,.7H,0, Cu 7-7 as CuSO,.5H,0, 1 44 as KI.

The diets varied considerably in chemical composition but on the assumption that all
ingredients of the semi-synthetic basal diet were almost completely digestible, the feeding
regimen adopted aimed at maximum utilization of the nutrients in the fibre while fulfilling
the requirements of the pigs for essential nutrients. The compositions of the fibre sources,
the basal diet and the composite diets are presented in Tables 14,

Experimental design

In a preliminary experiment, the AD of the chemical components in the basal diet was
determined using twelve pigs. Following this, each of the eight fibre sources was included
at four levels in diets given to four groups of pigs at a time, in eight successive experiments.
In each experiment the pigs were randomly assigned to the four treatments. The choice of
the fibre to be tested was also made at random.

Since the pigs were of the same breed, of similar live body-weights and were kept under
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similar environmental conditions, it was assumed that any added variance due to time effects
would be randomly distributed among the treatments.

Analytical methods

The gross energy of the fibre sources and basal diet, and freeze-dried samples of faeces and
urine, were determined in a ballistic bomb calorimeter. The proximate composition of the
feeds and freeze-dried faecal samples together with total nitrogen in the urine were
determined according to standard procedures (Association of Official Agricultural Chemists,
1975). Acid-detergent fibre (ADF), NDF, lignin and cellulose were measured using the
techniques of Goering & Van Soest (1970) but incorporating a 2 h refluxing time for NDF
and ADF as proposed by King & Taverner (1975). Hemicellulose was calculated as the
difference between NDF and ADF. Individual mineral concentrations were determined
using the technique of Hilliard & Smith (1979).

Particle size and rate of passage measurements

Particle size of the fibre sources was determined using a modified form of the method
outlined by the American Society of Agricultural Engineers (1967) for measuring the
modulus of fineness. Six tared sieves with aperture sizes of 1-000, 0-711, 0-500, 0-353, 0-252
and 0-124 mm and fitted with a pan and a cover were used. A known amount of sample
(50 g) was placed on the largest sieve and ‘nested’ sieves were shaken mechanically for
10 min, disassembled and their undersides gently brushed. They were then reassembled and
shaken for two additional 10 min periods, each time having the brushing procedure
repeated. At the end of the third shaking period, each sieve was weighed and the residue
remaining on each sieve was expressed as a percentage of the original sample weight.

The method used to study the rate of passage of digesta was a slightly modified form
of the method used by Castle & Castle (1956). Stained particles from each fibre source, that
would pass through a 1-0 mm but not a 0-7 mm sieve, were used as the reference marker.
For comparison, white plastic beads (polyethylene pellets GA7260; Hoechst, Australia),
3 mm in diameter, were used as a second marker. Stained particles and plastic beads were
included in the diets at the rate of 10 and 30 g/kg fibrous material respectively. The method
of staining the particles was the same as that used by Castle & Castle (1956), with the
exception that boiling of the particles in sulphuric acid (12-5 ml/1) took place after the
particles had been stained. It was assumed that this would prevent decolourization of the
particles in the acidic environment of the pig’s stomach. Both markers were mixed into the
morning feed.

Statistical analysis

Analysis of variance of the results identified the fibre source in the diet (FS) and the level
of NDF content with orthogonal (NDF), linear (NDF ) and quadratic (NDF ) effects. The
sums of squares for the interaction between the fibre source and the NDF content were
also split into linear (FS x NDF;) and quadratic (FS x NDF) terms. Significance in each
main effect and the interactions were tested by comparison of the mean squares for FS,
NDF, NDF;, NDFg,, FS x NDF;, and FS x NDF,, with the error mean square. These
statistical procedures were used as outlined by Snedecor & Cochran (1973).

RESULTS
Digestibility of DM, NDF and NDF components
Tables 5 and 6 show the apparent digestibility values of DM, NDF, cellulose and

hemicellulose. Highly significant (P < 0-001) responses of level of NDF intake and NDF .
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source occurred for dietary DM AD. These responses were decreased curvilinearly with
significant linear (P < 0-001) and quadratic (P < 0-01) effects as the amount of NDF intake
by the pigs increased. A highly significant (P < 0-001) interaction with significant
(P < 0-001) linear and quadratic effects was observed between NDF intake and NDF
source, indicating that both the slopes and the shapes of the regression lines differed widely
among different types of fibre.

Variation in the level of NDF intake and the source of NDF in the diet had a highly
significant (P < 0-001) effect on the AD of NDF, cellulose and hemicellulose. High NDF
intakes were associated with lower NDF, cellulose and hemicellulose digestibilities, the
depressive influence of NDF intake being linear (P < 0-001) although, in the case of
hemicellulose, there was some evidence of curvilinearity (P < 0-01). There was a highly
significant (P < 0-001) NDF intake x NDF source interaction with significant (P < 0-001)
linear and quadratic components. This demonstrates that the decline in the AD of NDF,
cellulose and hemicellulose with higher levels of NDF intake was related to the source of
NDF in the diet.

Inspection of the values for the individual sources of NDF showed that the most striking
reductions in the AD of dietary components with higher NDF intakes occurred in the diets
containing pea hulls. Moreover, the faeces from animals on these diets contained more ADF
than NDF. According to Van Soest (1975), such results can occur in fibrous materials with
high contents of tannin compounds which are dissolved by neutral detergent (Van Soest
& Robertson, 1980). Although a higher ADF than NDF content in the faeces would suggest
1-00 AD of hemicellulose, the value of 0-999 was adopted to facilitate processing of the
results.

Digestibility and retention of N
Mean values for the AD of N and N retention by the pigs in each treatment are given in
Table 7. -

Both the level of NDF intake and the type of fibre in the diet had a significant (P < 0-001)
effect on AD of N and of N retention. Over all types of fibre, N digestibility decreased,
whereas N retention increased with the level of NDF intake by the pigs (P < 0-001). There
was a large linear component to these effects (P < 0-001) but there was some curvilinearity
(P < 0:001 or P < 0-05) indicating a disproportional change in these response criteria for
each increase in NDF intake. Both the linear and the quadratic effects differed widely among
sources of NDF (NDF intake x NDF source interaction).

Digestibility and metabolizability of energy
Mean values for the coefficients of the AD and metabolizability of energy are given in
Table 8.

There was a highly significant (P < 0-001) effect of level of NDF intake by the pigs and
source of NDF in the diet on the AD and metabolizability of dietary energy. There was
a linear (P < 0-001) decrease in both these response criteria with the level of NDF intake,
although there was strong evidence of curvilinearity (P < 0-001). The linear and the
quadratic components of the interaction between level of NDF intake and NDF source were
highly significant (P < 0-001), indicating that the extent and the rate of decrease in AD and
metabolizability of energy with level of NDF intake was related to the source of NDF in
the diet.

Particle size
Table 9 shows the proportional distribution of the particles from each fibre source. If, on
the basis of the results obtained, an arbitrary classification of the fibre particles into small,
medium and large should be made, then those ascribed to the small size would include oat
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Table 10. Times (h) taken for 50 and 95%, of the stained particles and the polyethylene
beads to be excreted by the pigs on each treatment
(Mean values with their standard errors for three pigs)

Dietary NDF level (g/kg DM)

75 150 225 300

Source of fibre Mean SE Mean SE Mean SE Mean SE

Excretion times of 509 of the particles

Soya-bean hulls 82-6 10-37 682 8-39 56-7 0-66 62-6 5-31
Lupin (Lupinus sp.) hulls 71-5 10-34 75-1 707 665 2-74 70-1 679
Pea (Pisum sativum) hulls 59-8 073 585 10:36 333 2-05 509 1428
Wheat bran 456 345 48-1 396 404 7-87 222 491
Maize hulls 66-7 5-07 74-1 12-50 574 7-26 436 5-48
Maize cobs 580 11-47 40-1 231 34-8 2-40 31-0 2-08
Oat hulls 74-0 071 85-1 16-82 51-0 6-01 556 2-80
Lucerne 43.7 542 39-3 875 31-7 1-69 28-8 2-38

(Medicago sativa) stems ] )
Excretion times of 959 of the particles

Soya-bean hulls 99-3 13-30 872 10-48 809 1-56 82:3 4-59
Lupin hulls 1105 1425 104-0 8-04 981 6-31 90-6 7-53
Pea hulls 771 1-48 829 17-00 481 531 586 14-37
Wheat bran 60-4 1-12 668 3-48 56-0 3-23 40-0 448
Maize hulls 82-8 379 98-5 15-66 74-3 8-41 54-2 2:36
Maize cobs 719 10-44 58-7 1-39 53-7 2-24 475 529
Oat hulls 809 1-41 117-1 14-89 70-0 695 77-4 2:15
Lucerne stems 63-8 6-99 57-6 767 53-1 156 44-0 529
Excretion times of 509, of the polyethylene beads
Lupin hulls 786 14-02 74-5 -8-44 66-4 3:19 82-7 921
Wheat bran 51-4 2-48 48-3 592 437 725 309 1-92
Maize cobs 60-1 10-71 48-4 028 38-7 6-47 319 3-01
Lucerne stems 42-0 7-84 39-8 9-41 39-1 6-92 28-4 2:22
Excretion times of 959 of the polyethylene beads
Lupin hulls 1021 1321 111-5 13-68 94-6 6-83 103-6 12:02
Wheat bran 62:3 1:31 62-4 336 65-7 7-94 531 432
Maize cobs 70-0 934 61-7 2-09 57-8 1-01 54-0 8-99
Lucerne stems 64-8 7-20 55-9 12-06 63-8 866 429 561

NDF, neutral-detergent fibre; DM, dry matter.

hulls and lucerne stems. Those ascribed to the medium size would include soya-bean hulls,
maize hulls, maize cobs and pea hulls and the category large would comprise lupin hulls
and wheat bran.

Rates of excretion of stained feed particles and polyethylene beads
The mean values for the excretion times of 50 and 959, of the stained fibre particles and
polyethylene beads are given in Table 10.

Wide variation in the rate of excretion of stained particles and polyethylene beads was
observed among replicated pigs on each treatment. Hence, only the means with their
standard errors for each treatment are presented in Table 10. Generally, the diets that
contained soya-bean hulls, lupin hulls and oat hulis had longer excretion times of stained
particles than the rest of the diets. Also, there was a close agreement between the respective
excretion times of stained fibre particles and polyethylene beads.

ssa.ld Assanun sbpuquied Ag suluo paysiignd 1900586 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19850061

526 G.STtANOGI1AS AND G. R. PEARCE

DISCUSSION

The AD of DM, N and energy of the diets decreased linearly with increasing levels of NDF
intake and this is in accord with earlier literature reports (DeGoey & Ewan, 1975; Kornegay,
1978; Kennelly & Aherne, 19804, b). The AD of NDF, cellulose and hemicellulose, how-
ever, was affected to a lesser extent by the increased intakes of NDF. Apparently, increasing
the level of fibre in the diet has a far more depressive effect on the AD .of the non-fibre
components of the diet than on the digestibility of its own components. The depressive effect
of increased intakes of NDF on the AD of DM, N and energy might have been the result
of one or more of the following factors: (a) faster rate of passage of food through the
alimentary tract (Gargallo & Zimmerman, 1981); (b) increased excretion of metabolic
(Whiting & Bezeau, 1957 a) and microbial (Mason & Palmer, 1973) N; (c) low availability
of N and other nutrients in fibre (Forbes & Hamilton, 1952; Pals & Ewan, 1978);
(d) increased excretion of N and other nutrients bound or physically entrapped in the bulk
of the bolus of the fibrous digesta (Bailey et al. 1974; Eastwood & Kay, 1979).

While the source of fibre is an important factor in determining the AD of the fibre itself
and its individual components (Baird ef al. 1970), wide controversy exists about the effects
of the level of fibre in the diet on its AD. Addition of purified cellulose to standard
commercial pig diets to increase the crude fibre level of the diet resulted in a lower AD of
crude fibre in high-fibre diets compared with low-fibre diets when these diets were fed
ad lib. (Cunningham et al. 1962) at restricted levels (Farrell & Johnson, 1972) or at mainten-
ance levels (Gargallo & Zimmerman, 1980). When intake of the diets used by Cunningham
et al. (1962) was reduced to maintenance levels, AD of crude fibre in the high- and low-fibre
diets was equal but significantly greater than the AD of fibre in the same diets when
fed ad lib. Although these reports suggest that the effect of crude fibre per se is more likely to
be exerted through the actual amount of fibre intake rather than the proportion of fibre
in the diet, the significance of these reports is not clear. In experiments reported by Keys
et al. (1970), cell wall and cellulose digestibilities by pigs given restricted amounts of a basal
fibre-free diet, in which 200, 400 or 600 g/kg was substituted by orchard grass (Dactylis
glomerata) hay, were not significantly different, and neither were there differences in the
AD of cell wall in rats given the same diets on a restricted or ad /ib. basis. Similarly, no
changes were observed in the AD of cellulose by pigs when ground lucerne was substituted
for the basal diet in amounts varying from 0 to 1000 g/kg (Farrell, 1973). Increased intakes
of fibre in the present study significantly reduced the AD by the pigs of NDF and cellulose
in the diets containing pea hulls, maize cobs and lucerne stems and the AD of hemicellulose
in the diets containing pea hulls, maize cobs and soya-bean hulls. However, with the
exception of pea hulls, there was no indication of a consistent effect of the level of intake
on the AD of NDF components in these diets. In general, there appears to be a close
agreement between the results obtained in the present study and those reported by Keys
et al. (1970) and Farrell (1973), with respect to the effect of the extent of dilution of the
diet with fibrous ingredients on the AD of NDF and its components.

From the reports of Forbes & Hamilton (1952) and Keys & DeBarthe (1974), who gave
pigs fibre from purified and natural sources and obtained cellulose AD ranging from 0-210
to 0-921, it can be concluded that the source of fibre is an important factor in determining
the extent of its AD. Also, Baird et al. (1969) showed that pigs digested from 0-205 to 0-:665
of the crude fibre from different sources. The results of the present study, where the mean
AD values of NDF from natural fibres ranged from 0-181 to 0-840, clearly illustrate the
importance of the source of fibre as a factor determining its AD. Kornegay (1978) reported
that the digestion coefficient of cell wall from soya-bean hulls, calculated by difference from
a basal ration containing either none or 150 and 300 g soya-bean hulls/kg and fed to
growing pigs, was 0-540. This value is considerably lower than that reported here and it
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is probably due to the relatively high level of feeding (110 g/kg metabolic body size)
adopted.

The AD of cellulose, except for wheat bran, followed the same trend as that of NDF.
The wide range in the AD of cellulose from the different sources of fibre used in the present
study may be related to the extent of lignification, mineralization, crystallinity, size of the
cellulose chain or particle size of the fibre, or both (Cowling & Brown, 1969). It is possible
that in the case of maize hulls, maize cobs and oat hulls, the low AD of cellulose was in
part due to the low N content in these fibres. It is reasonable to assume that the fermentation
by bacteria in the caecum and the large intestines of pigs, like the bacteria in the rumen,
requires adequate N for optimum performance. On the assumption, however, that casein
was completely digestible in the small intestines of the pigs in the present study, the bacteria
in the lower parts of the alimentary tract receiving maize hulls, maize cobs and oat hulls
would not be supplied with sufficient amounts of N and, hence, would not be able to digest
much fibre.

In all fibre sources, except in lucerne stems, the AD of hemicellulose in the present study
appeared to be higher than that of cellulose, thus confirming the results previously reported
by Keys et al. (1970). However, since both starch and N of fibre origin can lead to inflated
estimates of NDF digestibility, caution should be exercised in interpreting the results
obtained when materials with high contents of these components are examined. The lower
AD of hemicellulose than of cellulose in lucerne stems may be related to particularly strong
chemical and physical bonds between hemicellulose and lignin, which formed almost equal
amounts of the DM in this fibre. Lower hemicellulose AD than cellulose AD by pigs given
diets containing high levels of a lucerne hay was also reported by Keys & DeBarthe (1974).

The remarkable decrease in the AD of all dietary components with increasing intakes
of the diets containing pea hulls can only be explained by the presence in pea hulls of a
substance toxic to the digestive enzymes and the microflora of the alimentary tract. The
nature of the antinutritive substance(s) in pea hulls is largely unknown but Lindgren (1975)
reported that, when a variety of field peas with low tannin content was substituted for one
with high tannin content, the digestion coefficients of N and organic matter dropped by
five digestibility units. Tannin compounds can affect digestibility in a number of ways:
through the formation of stable tannin-protein and tannin—cellulose complexes, by enzyme
inhibition, by microbial inhibition and through reactions with endogenous proteins of the
intestinal mucosa (McLeod, 1974). Thus it appears that the pea hulls used in the present
studies may have contained high levels of tannin which resulted in marked decreases in the
digestibility of the major dietary components.

In examining the factors influencing the AD of dietary protein, the role of the factors
influencing the excretion of metabolic N in the faeces cannot be overlooked. Whiting &
Bezeau (19574, b) reported that the type and amount of dietary fibre considerably affects
the metabolic N excretion in pigs whether expressed as a proportion of DM intake or faecal
DM output. On the other hand, Mason & Palmer (1973) believed that it was not the amount
but the extent of fermentation of dietary DM which resulted in the production of more
bacterial cells and hence more bacterial residues appearing in the faeces, thus increasing the
amount of faecal N. Thus, according to Mason & Palmer (1973), fibre sources that undergo
extensive degradation in the large intestine of the pig will decrease the AD of N to a larger
extent than fibre sources less susceptible to microbial attack provided they are fed at similar
levels. While the reduction in the AD of N caused by the inclusion in the diet of soya-bean
hulls, lupin hulls and wheat bran appears to confirm this view, the reduction caused by the
inclusion in the diet of the less-digestible lucerne stems, as compared with the former fibres,
suggests that factors other than digestibility of fibre, i.e. N content of the fibre, and perhaps
volume, are also important.

There was a tendency for increased N retention with increased leveis of NDF intake
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particularly in the diets containing soya-bean hulls, wheat bran, maize hulls and lucerne
stems. As these fibres, except maize hulls, contained more N on a percentage basis than
the rest of the fibres, there appears to be a relation between N intake and N retention with
more N being retained when the intake of N is raised. In addition to the increased N intake,
presumably more energy was available for the synthesis of new tissue at the higher levels
of NDF intake, as increased N retention can be achieved only if the intake of energy is
adequate too (Fuller & Crofts, 1977). Our results are in agreement with those of Pals &
Ewan (1978), who also reported increased N retentions when increasing levels of wheat bran
were added to a basal ration for pigs.

Castle & Castle (1957) reported that fast passage of digesta through the alimentary tract
of pigs was associated with a high feed consumption while small differences in the fibre
content of the diet do not seem to affect rate of passage (Cole et al. 1967 a, b). In the present
study, a trend towards a fast rate of passage of digesta with increasing intakes of NDF and,
hence, DM intake was apparent although not very consistent. Large variations within
groups of pigs given the same diet were observed in the present study, as they were in that
of King & Taverner (1975). Differences in gastrointestinal responses among individual pigs
within the same treatment may have been, partly, the reason for this wide variability.

The rate of passage of digesta may be related to physical characteristics of the feed, such
as particle size of the feed, water absorption and retention capacity, bulk of feed and
body-weight of the pig. The fibres used in the present study had been hammer-milled through
the same size screen; nevertheless, some variation in the mean particle sizes occurred.
Similarly, the water-holding capacity and the volumes per unit weight of these fibres were
variable (G. Stanogias, unpublished results) and this might have contributed also to the
differences in the rates of excretion among the different fibres. The excretion times of the
polyethylene beads compared with those obtained with the stained food particles were
almost the same. This finding is very important because of the obvious advantages in using
plastic beads in terms of time required for staining and particularly counting stained food
particles. In addition, problems such as decolourization and breakage into invisible or
hardly visible particles are largely eliminated by using polyethylene beads.

Unless the point where the limit by other nutritional factors, such as lignification and
lack of other essential nutrients, is reached, the length of time digesta remains in the
alimentary tract of the animal, where it is exposed to digestive enzymes and microbial
degradation, largely influences the extent to which food is digested (Kass er al. 1980;
Gargallo & Zimmerman, 1981). In the present study, while the high AD of all dietary
components in the diets containing soya-bean and lupin hulls might have been related to
the extended time digesta from these diets remained in the alimentary tract of the pigs,
transit time did not appear to influence the AD of the fibre components in the diets
containing oat hulls. This suggests that the AD of fibre and its components might depend
on either the length of time the fibre remains exposed to enzymic and microbial action in
the intestines or the chemical and physical characteristics of the fibre.

The results of the present study clearly show that the AD of DM, N, energy and possibly
other non-fibrous dietary components, are inversely related to the proportion of fibre in
the diet or, conversely, to the amount of fibre intake. However, it is not clear from the
available results to what extent this was due to a direct decrease in the AD of these
components or due to an increased excretion in the faeces of microbial and endogenous
material. To the contrary, the level of fibre in the diet, under the conditions described, did
not appear to influence considerably the AD of its own components.

The fibre components from the leguminous seeds were more digestible than those from
the cereal grains, which suggests that there is a relation between the source of fibre (and
hence its chemical composition and physical properties) and the AD of its components by
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growing pigs. However, the strong influence of factors associated with interactions between
the total diet, the individual fibres and the individual NDF constituents make it difficult,
if not impossible, to find a generally applicable cause-and-effect relation between dietary
fibre and AD of dietary components. In addition to the major NDF constituents, namely
cellulose, hemicellulose and lignin, other costituents, such as tannins and pectins, may also
affect the AD of a particular fibre through their physical and chemical properties. However,
the contribution to the variation of the AD of dietary components by such substances was
not investigated in the present study.

Finally, the present results emphasize strongly the need for caution when comparisons
among experiments in which different levels and sources of dietary fibre are used.

The authors gratefully acknowledge the assistance of the staff of the Animal Production
Section, School of Agriculture and Forestry, University of Melbourne, in the programme
of work described in the present paper and the succeeding ones of the series. They thank,
in particular, Mr R. Thomas and Mrs Janet Beard for their technical help. The work was
financed by the Australian Pig Industry Research Committee and the University of
Melbourne.
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