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Kohler, T., 1992. Evaluation of techniques to collect ileal digesta in pigs. The results of some
comparative experiments using different digesta collection techniques are presented. Physiological
parameters such as growth performance, nitrogen and mineral balances and various blood variables
were studied in pigs fitted with post-valve T-caecum (PVTC) cannulas and end-to-side ileo-rectal
anastomosis (IRA). Digestibility measurements using different techniques (PVTC, IRA, simple Tcannula and re-entrant cannula) and different diets independently were carried out. Considerable
effects of IRA on the physiological status of the animals were found. Digesta composition in IRApigs was in some aspects significant different from that in PVTC-pigs. This indicates an increased
fermentative activity in IRA-pigs aswellassomeadaptative changes in mineral absorption asaresult
of the absence of hind-gut absorption. Differences in digestibility measurements between different
cannulation techniques were small provided that the results were calculated on the basis of marker
recoveries. The effect of a sugar/starch supplementation to the diet to compensate for the absence
of the hind-gut functions in IRA-pigs was studied in PVTC-pigs. There was no effect on the
apparent ileal digestibility of amino acids feeding a wheat based diet. The consequences of the
different effects assosiated with thedifferent techniquesfor digestibility measurementsare discussed.
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STELLINGEN

I.
Physiological parameterssuchasdigestibilityshould bemeasuredby using
techniques that have no or only minor effects onthe physiological status of
the animal.
(This thesis)

The elimination ofthe digestive processes ofthe hind-gut of pigsfitted with
an end-to-side ileo-rectal anastomosis has considerable effects on the
physiological status of the animal.
(This thesis)

Increased bacterial activity in the digesta of pigs fitted with an end-to-side
ileo-rectal anastomosis has aclear effect on some digestibility parameters.
(This thesis)
IV.
In comparison with the re-entrant and the simple T-cannulation the postvalve T-caecum cannulation technique is a useful alternative.
(This thesis)
V.
Thequantity of digesta recoveredfrom pigsfitted with ileo-caeca! re-entrant
cannulae is hardly affected by dietary composition.
(This thesis)
VI.
Since the simple T-cannulation can be used only for spot-sampling the
variations of the results obtained withthistechnique will certainly be higher
than with other techniques.
(This thesis)
VII.
The ileo-rectal anastomosis (IRA) technique as we evaluated it should not
be allowed in the future.

VIII.
Stamppotten zijn alleen goed tegen de honger.
IX.
Ernst zu nehmendeWissenschaftler nehmen sich in der Regel selbst nicht
zu ernst.
X.
Bij fokken van dieren op hoge produktie dient men zich te realiseren dat
niet alleen de voer opname maar ook de aard van het voer moet worden
angepast.
(Tolkamp, B. & Ketelaars, J., 1991,Toward a new theory of feed intake
regulation in ruminants. Thesis; University of Wageningen)
XI.
Onderzoekers die de IRA fistulatie technique zo hebben benoemd waren
apolitiek
XII.
Die korrekte Anwendung pracaecaler Verdaulichkeitsparameter kann einen
besseren Beitrag zurVerminderungder Umweltbelastungendurch tierische
Exkremente leisten, als dies durch die Verwendung der fakalen
Verdaulichkeiten moglich ist.
Stellingen behorende bij hetproefschrift "Evaluation oftechniquesto collect
ileal digesta in pigs".
Torsten Kohler

Wageningen,17januari 1992

Aan Birgit, Vanessa en
mijn ouders.
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General Introduction

General Introduction
For non ruminant animal production a well balanced diet is important to ensure economical
production. Moreover, losses to the environment can only be minimized if the diet matches the
requirement as good as possible. In the field of non ruminant nutrition this leads to an increased
interest in providing animals with all nutrients and energy in adequate but not in excessive amounts.
Only in thatcaseanefficient growth ispossible.However, nutrients present in feedstuffs asmeasured
bychemicalanalysesare notcompletely available totheanimal.Protein digestion andabsorption may
be incomplete since protein in feed is partly not accessible to proteolytic enzymes produced by the
organism which may results from indigestible cell wall components and enzyme inhibition (e.g. the
trypsin inhibitor in raw soyabeans) which decreases the efficiency of specific enzymes (Liener &
Kakade, 1980). Moreover, some digestive enzymes like trypsin and chymotrypsin may also be
adsorbed by dietary fibre (Schneemann, 1978). This may limit or prevent their proteolytic activity.

In order to supply the animals with an adequate and well balanced diet the amount of nutrients
available tothe animal must be known. In particular the relative quantities of individual amino acids
available to the animal in each feedstuff has to be known. In order to adjust the dietary amino acid
content amino acid digestibilities should be considered. It has tobe pointed out, however, that amino
acid digestibilities donot provide complete information about thedifferences inavailability of amino
acids. Digestibility of nutrients isdefined asthe difference between the nutrient intake with the feed
and the excretion with the digesta or faeces divided by the intake with the feed. Availability is
defined asthe proportion of the nutrients in the diet that isabsorbed in aform suitable for utilization
in the intermediate metabolism.Consequently digestibility should beconsidered onlyasan indication
of availability.

Digestibility measurements
A. The faecal analysis method
The classical method that has been used to determine amino acid digestibility is the faecal
analysis method asdescribed byKuiken & Lyman (1948).Thismethod for calculating the digestibility
over the total digestive tract (Figure I) can be considered as the initial measurement of amino acid
digestibility and it has been used extensively in studies with pigs(Dammers, 1964;Poppe et al., 1970;
Eggum, 1973;Poppe, 1976).Studies by Zebrowska (1973, 1975)and Just et al.(1981) in which amino
acids were infused into the caecum of pigs have shown that the nitrogen absorbed from the large
intestine is nearly completely excreted in urine. This means that the hydrolysis of nitrogenous
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Figure I. The intestinal tract of the pig:

compounds by microorganisms in the hind gut

a. stomach, b.small intestine, c.caecum, d. colon

and their absorption as ammonia, amines and

e. rectum (according to Laplace et al., 1985)

amideshasalmostnocontribution totheprotein
status of the pig (Sauer, 1976; Hodgdon et al.,
1977; Gargallo & Zimmermann, 1981;Just et
al.,1981; Wiinsche et al., 1982). In addition,
faecalaminoacidcompositionisaffected bythe
synthesis of bacterial protein in the large
intestineevenwhenthepigswerefed diets that
differ widely in amino acid composition.
Bacterialprotein represents60-80%of the total
nitrogen content of faeces (Mason et al., 1976;
Mosenthin, 1987), As a consequence apparent

rz~^ rz~)

faecal amino acid digestibilities are largely
affected by the modifying activity of the
microflora harboured in the large intestine. It
hasbeen accepted for along timethat bacterial
activity is mainly restricted to the hind gut.
Recent studies (Millard & Chesson, 1984;
Graham et al., 1986;Buraczewska et al., 1988;
Longland etal., 1988)have shown however, that

there is also bacterial activity in the small intestine. This was concluded from the substantial
degradation of non-starch polysaccharides prior to the terminal ileum. In addition Wiinsche et al.
(1991) reported DAPA-concentration in ileal digesta indicating that up to 25 %of the total N may
be from bacterial protein. Therefore the ileal analysis method provides a more reliable estimation of
digestibility, because itmeasures digestibility prior tomicrobial degradation and synthesisin the hind
gut. The ileal, rather than faecal analysis method, should therefore be used to determine digestibility
(Low, 1980;Tanksley & Knabe, 1984; Laplace et al., 1985;Sauer &Ozimek, 1986).

B. Digesta collection techniques
1. The slaughter technique
Digestibility measurement atthedistalileumrequirescollectionof ilealdigesta.Themostsimple
method is to intercept digesta before it reaches the caecum. This can be done by slaughtering the
animals (Cori, 1925,Payne et al., 1968;Kies et al., 1986;Moughan &Smith, 1987). However, using
thistechnique, replicated observations in thesameanimalarenotpossible.This means,that individual
animal variation can not be taken into account in the statistical analysis. Moreover, since digesta
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movement through thesmallintestine isintermittent, it maybenecessary topooldigesta from several
animals, because the amount of digesta per animal may beinsufficient for analysis.Asa consequence
no information about the variation between animals are available. In addition, this approach is very
expensive when applied to large species (Fuller, 1991). Furthermore, it can be expected that the
shedding of mucosal cellsat death into the intestinal lumen (Badawy et al.,1957; Fell, 1961)may have
an influence ondigestibility measurement of nitrogenouscompounds.Therefore digestasamples have
to be obtained by avoiding mucosal shedding. This can be done under anaesthesia or using for
instance sodium pentobarbitone (Badawy, 1964).
2. Cannulation techniques
2.1 The simple T-cannulation
To avoid problems described for the slaughter technique various methods have been developed
to collect digesta repeatedly from the same animal. The method that has been used most commonly
until nowisdescribed byasurgical procedure which involvestheimplantation of asimple T-cannula,
Figure II. The simple T-cannulation:
b. small intestine, c. caecum,d. colon,e. rectum
(according to Laplace et al., 1985)

placed5-15cmanteriortotheileo-caecalvalve
(Figure II). With this technique digesta can be
collected only byspot-sampling. This requires
theuseof anindigestiblemarkersuchaschromic
oxide,titaniumdioxideorbariumsulphate.With
regard to thistechnique, several concerns have
been reported. There is some concern with
regard toobtaining representative samplesin Tcannulated pigs (Zebrowska, 1978; Sauer &
Ozimek, 1986; Schroder et al., 1989; Leterme
etal., 1990).Amodification toimprove digesta
samplingusingasuction tubehasbeen described

by Dierick et al. (1983). However, the use of this technique which requires additional devices (e.g.
peristaltic pumps) complicates the collection of digesta.
The post-valve T-caecum cannulation technique
A modification of the simple T-cannulation has been developed by van Leeuwen et al.(1988).
This technique which consists of only one large T-cannula uses the anatomy of the transition from
the ileum into the caecum-colon (Figure III).After removal of the caecum the cannula isjoined with
the remnants of thecaecum directly opposite tothe ileo-caecal valve(Figures IVa).Whenthe cannula
isopen the ileo-caecal valve,which isnormally protruded intothecaecum will nowbeprotruded into
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Figure III. The PVTC-cannula with plug,

the cannula (Figure IVb). The internal and

(according to vanLeeuwen et al., 1988)

externaldiameterof25and30mm,respectively
guarantees a passage capacity that should be
sufficient tocollectdigestaalmost quantitatively.
Preliminary resultsthathavebeenpresented by
den Hartog etal.(1988)showthat the apparent
ileal digestibility of dry matter and nitrogen
determined in pigs fitted with the PVTCcannulaarecomparablewithresultsdetermined
inpigsfitted withsimpleorre-entrant cannulas
and fed different diets.

Figure IV.

Location of the post-valve T-caecum cannula
a. The caecum is replaced by the cannula
b. The ileo-caecal valveis protruded into the cannula
(according to vanLeeuwen et al., 1988)

Abdominal
wall

Abdominal
wall
Dorsal

Ileum
Ventral

General introduction
The steered ileo-caecal valve cannulation
As a modification of the PVTC cannulation the so-called steered ileo-caecal valve (SICV)
cannulation has been reported by Mroz et al. (1991). In contrast to the PVTC cannulation the
caecectomyisomitted since the ileo-caecal valve can besteered into the T-shaped cannula, using two
rings placed proximal to the ileo-caecal valve. One ring is fitted around the terminal ileum, close to
the caecal wall, and another ring is introduced into the ileum proximal to the outer ring. Using a
thread, that is connected with the inner ring, the ileo-caecal valve can be steered into the cannula.
Postslaughter examination showed anatomical-pathological changesthat were related to proliferation
of fibrous tissues between the two rings and dilation of the distal ileum by muscular hypertrophy
anterior to the ileo-caecal valve. Therefore Mroz et al.(1991)suggested a limited application of this
technique of about 6-8 weeks.
2.2 The re-entrant cannulation
The ileo-ileal and ileo-caecal re-entrant cannulation
Tocollect digesta quantitatively earlier studies were carried out using pigsfitted with ileo-ileal
or ileo-caecal re-entrant cannulas (Figure V) as described by Cunningham et al.( 1962), Easter &
Figure V. The re-entrant cannulation:

Tanksley(1973)and Hazem&Drochner(1976).

1. ileo-ileal and 2. ileo-caecal; b.small intestine

The method of bridging the ileo-caecal valve

c. caecum, d. colon, e. rectum

allows the collection

(according to Laplace et al., 1985)

quantitatively via the proximal cannula. It also

of

ileal digesta

allows for the return of the remaining digesta
into the animal via the distal cannula after
sampling. On the other hand this technique
requires complete transection of the small

^D:

intestine, interrupting the transmission of the
normal migrating myo-electriccomplex which
is necessary for the normal digesta passage.
Several researchers (Zebrowska, 1978;Sauer&
Ozimek, 1986;Oslage et al., 1987;Schroder et
al., 1989) have reported problems such as
blockages proximal to the ileal cannula or
between the proximal and distal cannula. In
addition leakages around the cannulas have

VT
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been reported by these authors. The extent to
which blockage occurs depends on various
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parameters:the fibre content of the diet, the fineness of grinding the diet, the viscosity of the digesta
and the amount of digesta that hastopass viathe cannula.To minimize problems caused by blockage
van Leeuwen etal.(1987)showed that the infusion ofaphysiological salinesolution intothe proximal
cannula reduced blockages.However, this modification istime consuming and makes handling more
difficult.
Both re-entrant and T-cannulation cause a direct disturbance of the small intestine. This may
have an influence on the processes of digestion and absorption. Studies in sheep (van Bruchem et al.,
1983) and pigs (Buraczewska et al., 1979;Drochner et al.,1984; Huisman et al., 1985 and Metz et al.,
1985) showed no effect of cannulation on the faecal digestibility. Results reported by Sauer et al.
(1977) and Sauer and Aherne (1979), however, indicated that the insertion of ileo-caecal re-entrant
cannulas results in higher faecal digestibility of amino acids than compared to intact animals. In
agreement with these studies Jorgensen et al.(1985)also reported higher faecal digestibilities of dry
matter, nitrogen and lysine in cannulated than in intact pigs.
The ileo-colic post-valve cannulation
To prevent problems associated with adirect manipulation of the small intestine a modification
of the re-entrant cannulation described hasbeen developed by Darcy et al.(1980a,b) This technique
Figure VI. The ileo-colic post-valve fistulation:

preserves the functional role of the ileo-caecal

b. small intestine, c. caecum, d. colon,e. rectum

valvesince the proximal part of this re-entrant

(according to Laplace et al., 1985)

cannulation isformed into the remnants of the
caecum (Figure VI). Using this technique
disorders reported for the cannulation of the
ileum (e.g. blockages proximal to the cannula,
separation of digestacomponents) are avoided.
Nevertheless using fibrous diets blockages
of the proximal cannula still occur. In addition
the surgical procedure isvery complex and the
handling is too time-consuming for routine
measurements to befeasible (Darcy-Vrillon &
Laplace, 1990).

3. The ileo-rectal anastomosis technique
As an alternative to the different cannulation techniques the ileo-rectal anastomosis has been
proposed initially by Fuller &Livingstone (1982).These workers fitted the ileum asasimple end-to-
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Figure VII. The ileo-reclal anastomosis technique

sideanastomosis totherectum,allowing residual

1. simple end-to-side without ileo-caecal valve,

digestaof thecolontobeevacuatedviatheanus

2. end-to-end without ileo-caecal valve,3. end-

(Figure VII-1). Using this technique reflux of

to-side including ileo-caecal valve,4. end-to-end

ilealdigestaintothedistalcolonisstillpossible.

including ileo-caecal valve;b.small intestine,

Picard et al.(1984) modified this technique by

c. caecum, d. colon, e. rectum

separating the large intestine completely from

(according to Laplace et al., 1985)

the small intestine.This modification, that has
beenfurther adapted byGreen etal.(1987)and

1.

Laplace et al. (1989) requires the insertion of
acannulafor evacuation of residualdigestaand
gasesoutof the colon (Figure VII-2).Since the
ileo-caecal valve has been suspected to restrict
the passage of digesta and therefore a possible
influence ondigestibility (Laplace & Borgidia,
1976), Souffrant et al. (1985) recommended a
modification maintaining the integrity of the
ileum and the ileo-caecal valve by fitting the
remaining part of the caecum immediately
posterior to the ileo-caecal valve with the
rectum.Thistechniquecarried outasanend-tosideileo-rectalanastomosis maintains anintact
junction between the colon and the rectum
(Figure VII-3). Amore recent modification of
thispost-valveileo-rectal anastomosishasbeen
reported by Green (1988).In this arrangement
the ileum, including the ileo-caecal valve, is
fitted totherectum.Toprevent apossible reflux
of digesta into the colon, the large intestine is
isolated and fitted with a cannula allowing the
evacuation of residual digesta out of the colon
(Figure VII-4).
Becauseofthefunctional destructionof
the large intestine it ispossible that alterations
of the digestion process and in particular the
absorption of nutrients and minerals occurs in
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the small intestine and/or the rectum (Sauer & Ozimek, 1986). To compensate for the change in
mineral absorption a mineral supplementation has been proposed by various authors (Picard, 1984;
Hennig et al., 1986; Bengala-Freire et al., 1988; Darcy-Vrillon & Laplace, 1990; Leterme et al.,
1990). Since the absorption of volatile fatty acids from the hind gut may account an energy source
in pigs different authors have suggested a saccharose/starch supplementation of the diet of
anastomized pigs (Hennig et al., 1986; Wiinsche et al., 1987; Wiinsche et al. 1988; Herrmann et al.,
1988).Histological investigations at the terminal ileum did not show any changes of the ileal mucosa
when conducted 8 weeks post-surgery (Souffrant et al., 1985). Fuller (1991) however, reported an
increased number of goblet cells,hypertrophy of smoothmuscle,elongation of thecryptsand atrophy
of the enterocytes at the villus type when measured 26 weeks post-surgery. In addition the
concentration of volatile fatty acids in digesta recovered from anastomized pigs were higher than in
digesta from pigsfitted withasimple T-cannula.On thebasisof these results heconcluded that there
isan adaptation of the ileum in order to compensate for some of the functions of the bypassed large
intestine.

Effect of digesta collection techniques on digestibility measurements
Each digesta collection method isassociated with aspecific interference with the intestine and
several comparisons have been made to investigate their specific effects on digestibility. Moughan&
Smith (1987) compared the apparent ileal digestibility of amino acids in ground barley using the
simple T-cannulation and the slaughter technique and found no differences (P> .05). Zebrowska et
al. (1978) found no differences in most instances when they compared amino acid digestibility in
simple and re-entrant cannulated pigs fed four different diets. Taverner et al. (1983) reported no
differences between the apparent ileal digestibility of dry matter, nitrogen and an average of amino
acids in re-entrant and T-cannulated pigs that were fed three different diets. However, Schroder et
al. (1989) found considerable differences between the apparent ileal digestibility of dry matter and
nitrogen in various diets when these were determined in pigs fitted with T- or with re-entrant
cannulas. Leterme et al.(1990)compared T-cannulation with the end-to-end ileo-rectal anastomosis
technique and they reported systematically higher apparent digestibilities for organic matter, crude
protein, ADF, NDF, starch, energy and different amino acids in T-cannulated pigs, but lower values
for tryptophan and glycine in the T-cannulated animals. These differences which were only
significant for ADF,NDF, methionine, proline and tryptophan were attributed to problems inherent
in the use of cannulas. Picard et al.(1984)compared digestibility measurement in pigs fitted with the
end-to-end ileo-rectal anastomosis and re-entrant cannulas. Apart from cystine there were no
differences between the apparent digestibility of amino acids. Hennig et al. (1990) determined the
digestibility of organic matter, crude protein, crude fat, crude fibre, NFE and some amino acids in
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anastomized pigs, either end-to-side or end-to-end, and pigs fitted with ileo-caecal re-entrant
cannulas.With the exception of isoleucine and lysine inabarley-lupin diet there wereno differences
between the treatments. Darcy-Vrillon &Laplace (1990)compared digestibilities determined in pigs
provided with end-to-end ileo-rectal anastomosis and ileo-colic post-valve cannulas in a standard
diet, a wheat bran diet and a sugar beet pulp diet. The apparent digestibility of dry matter in the
wheat bran diet was significantly lower in anastomized pigs than in ileo-colic cannulated pigs. In
addition, the apparent ileal digestibilities of dry matter, nitrogen and of the total of the amino acids
inthe sugar beet pulp diet were significantly lower (P<0.001) in pigswith an ileo-rectal anastomosis.
Whenpre-valve end-to-end ileo-rectal anastomosis werecompared with post-valveend-to-end ileorectal anastomosis (Green, 1988) no differences were observed for the digestibility of nitrogen and
amino acids.
It can be concluded, that the collection of digesta viaacannula anterior to the ileo-caecal valve
may cause some changes in digestion and absorption as well as the possibility of obtaining
unrepresentative samples.Therefore digesta collection posterior tothe ileo-caecal valve is preferable.
The ileo-rectal anastomosis that has been commonly used to collect digesta with minor manipulation
of the small intestine eliminates hind gut digestion and absorption which may also have some
influence on digestibility. The ileo-colic post-valve fistulation, an alternative to conserve both the
small intestine including the ileo-caecal valve and the digestive processes of the large intestine tends
toblock easily, especially with fibrous diets.Inaddition, thesurgery iscomplexand digesta collection
is too difficult and time-consuming for this to be of routine use (Darcy-Vrillon and Laplace, 1990).
Although the manipulation of the gastro-intestinal tract hasbeen proposed asareliable method
for measuring digestibility it should be realized that a physiological parameter such as digestibility
will be effected to some degree by the technique applied. This means that the evaluation of a digesta
collection technique should not be restricted to the comparability of the digestibility. Physiological
aspects should also be considered and therefore the technique that causes the least alteration of the
physiological status of the animal has to be preferred. The experiments described in this thesis have
been performed toinvestigate the effect of thepost-valve T-caecum cannulation in pigs with respect
to the digestibility measurement, and also it's effect on the physiological status of the animals.
Therefore physiological criteria such asgrowth performance, blood components, nitrogen-, sodiumand potassium-balances were determined incomparison with intact animals aswellaswith pigs fitted
with an end-to-side ileo-rectal anastomosis(Chapter Iand II).Sincethe PVTCcannulation technique
has been specifically developed to determine the digestibilities of the nutrients at the terminal ileum,
digestibility measurement will becompared with other techniques (Chapter IIIand IV).Asmentioned
above a saccharose/starch supplementation has been proposed to compensate for the missing energy

11

Generalintroduction
utilization from the large intestine in pigs fitted with an ileo-rectal anastomosis. On the other hand
such a supplementation (100gper kg dry matter intake) represents a different diet that may have an
influence on digestibility measurement especially with regard to the amino acid digestibilities.
Therefore Chapter V is focused on the effect of a saccharose/starch supplementation on amino acid
digestibilities in a wheat based diet and using pigs fitted with PVTC cannulas.
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Effect of ileo-rectal anastomosis and post-valve T-caecum
cannulation on growing pigs. 1 . Growth performance, N-balance and
intestinal adaptation
Abstract
The effects of post-valve T-caecum (PVTC) cannulation and end-to-side ileo-rectal
anastomosis(IRA)ongrowth performance, nitrogen-retention and intestinalfermentation in growing
pigs were compared with findings for a control group intact animals. There were no differences
between PVTC-pigs and intact pigs in growth performance and N-balance.In IRA-animals reduced
growth (P< 0.01), lessefficient feed conversion (P< 0.01) and decreased N-retention (P< 0.001) were
found. Indices of fermentation measured in ileal digesta of PVTC- and IRA-pigs were considerably
different. InIRA- animalstheconcentration of volatilefatty acids(VFA)wasabout 112-162mmol/1,
higher (P<0.001)than in digesta of PVTC-pigs (20-31 mmol/1).The molar proportions of acetate and
propionate depended (P< 0.01 and P< 0.001 respectively) on the digesta collection technique.
Concentrations and ratios of VFA measured in PVTC-pigs were similar toreported values (Argenzio
&Southworth, 1974,Drochner, 1984,Mosenthin, 1987).Diaminopimelicacid (DAPA) concentration
and N:DAPA ratios measured in digesta were significantly (P< 0.05 and P< 0.001 respectively)
different between treatments. All digesta variables measured showed increased microbial activity in
digesta of IRA-pigs, thus an influence on digestibility measurement can be assumed.

Introduction
Digestibility measured at the terminal ileum has been shown to be the best method for
calculating theavailability of aminoacidsin the pig(Zebrowska 1973).Therefore, threenew methods
for collection of intestinal digesta at the terminal ileum have been developed during the last decade.
Ileo-colic post-valve fistulation (Darcy et al., 1980) has been described as very difficult and time
consuming for routine measurement (Darcy et al., 1980). Ileo-rectal anastomosis (IRA) has been
proposed as an alternative collection method (Picard et al., 1984; Darcy-Vrillon & Laplace, 1985;
Souffrant et al., 1985;Hennig et al., 1986).The most important advantage of IRA isthat digesta can
becollected quantitatively viathe anus.Using this technique problems suchasblockagesand leakages
which have been described for re-entrant cannulation (Sauer, 1976; Just et al.,1980) do not occur.
This finding could beof interest, especially using practical diets containing large quantitiesof fibrous
byproducts. The most recent technique to be developed isthe post-valve T-caecum (PVTC) cannula
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described by van Leeuwen et al. (1988, 1991). This new technique uses the site of the ileo-caecal
valve which normally protrudes into the caecum. The caecum is replaced by a large T-cannula with
an internal and external diameter of 25 and 30 mm respectively. The relatively large size of the
cannula permits the useof fibre-rich diets without theproblem of blockages proximal tothe cannula.
In addition the samples from the PVTC cannula can be assumed to be representative because marker
recovery is about 100%(van Leeuwen et al. 1991). In a previous experiment (Kohler et al., 1990) it
wasshown that there are nodifferences in digestibility measurement between the PVTC cannula and
the simple T-cannula described by Just et al.(1985)and the ileo-caecal re-entrant cannula described
by vanLeeuwen etal.(1987).Anewdigestacollection method canalsobeevaluated from its influence
on the physiological state of the animals. In the present experiment a long term study was made of
some physiological effects of the new PVTC cannulation technique in comparison with the end-toside IRA and with findings in intact pigs.The main criteria were growth, N-retention and intestinal
adaptation.

Materials and methods
Twenty-two crossbred barrows with an average live weight (LW)of approximately 30kg were
used in the study. Seven pigs were fitted with a PVTC cannula as described by van Leeuwen et al.
(1988) and nine were prepared with an end-to-side IRA. The latter group was fasted preoperatively
for 48 h to minimize contamination with digesta during surgery. The animals were given magnesium
sulphate ( 75 g 2 d before surgery) as well as Prunacolon1 (100 ml one day before surgery) to
stimulate emptying of the colon. The animals were anaesthetized by inhalation anaesthesia as
described by Kik et al.(1988). An incision (about 150 mm) was made in the lower abdominal wall
ventral median following the linea alba, starting 100 mm behind the breastbone, opening the
abdominal cavity.Thecaecalapex and the terminal portion of the ileum were located and exteriorized
and the main part of the caecum was removed using a GIA 50 Premium2 instrument (Fig.la).
Subsequently the colon was cut using aTA Premium2 instrument, sothat apouch of caecal tissue was
built keeping the vascularity of the pouch intact (Fig.lb). Afterwards the side of anastomosis on the
pouch was identified. A purse string was placed there using a Purstring2 instrument and the excess
tissue was excised. An EEA2 instrument, without anvil was introduced transanally into the rectum.
An incision (about 2mm) was made in the rectal tissue 100mm proximal to the anus.The centre rod
wasadvanced through this incision and the anvil wasplaced on its top.Next the Purstring2 instrument

1

Centrafarm, NL

2

Auto Suture Instruments/United States Surgical Corporation-Norwalk. CT 06850
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Fig.l. Stages in the surgical procedure used to establish an ileo-rectal anastomosis, a. Caecum is
removed, b. the colon iscut, c. ileum, including ileo-caecal valve isconnected to the rectum.
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was removed and the purse string suture wastied and the EEA2 instrument closed. Following up, the
staples were fired and theIRA wascreated (Fig.Ic).Thepost-operative medication was 1 mlanalgesic
(Finadyne s )/d for 3 d and 1 ml antibiotic (Tribrisse4)/d for 5 d. After surgery, the pigs were
allowed to recover for a period of 2 weeks. Six of the animals were not subjected to any surgical
interference (intact groupO. All the pigs were individually housed in adjustable cages in an
environmentally controlled metabolism unit with continuous light and at an air temperature in the
range of 19-21°.
Diet.
The composition of the experimental diet isgiven in Table 1.Chromic oxide was included (2.5
g/kg) as a marker for the solid phase. The pigs were fed at about 2.4 times the maintenance
requirement for energy (Agricultural Research Council, 1981) divided into two meals fed daily at
08.00 and 20.00 hours. Water was administered with the feed at a ratio of 2.5:1 (w/w). The
anastomized pigs also received an electrolyte solution (200 ml/20 kg LW per d) twice daily as
described by Hennig et al.(1986). In contrast to the PVTC-pigs IRA-pigs had continuous access to
fresh water.
LW gain
The LW of the animals were recorded every 2 weeks.
Nitrogen-balances.
At 2 weeks before surgery as well as during the fifth and eleventh week after surgery Imbalances were carried out over 5 d. The experimental groups were allocated to treatments after the
first N-balance.
Digesta collection.
The ileal digesta were collected quantitatively for 5d for 12h/d from 09.00 to 21.00 hours, 3,
9 and 12weeks after surgery. The digesta from the IRA-animals were collected in faeces boxes and
immediately froEen at -20°. The digesta from the pigs fitted with a PVTC cannula were collected
continuously through polyethylene tubing into a collection container packed with crushed ice. All
samples were stored by -20° until required for analysis.

3

Schering Corporation, USA

4

Coopers Agrovet, NL

24

Growthperformance, N-balances and intestinal adaptation

25

Table 1. Composition of the experimental diet (g/kg)
Ingrdients
Maize

32.95

Barley

6.00

Wheat

10.50

Soyabean meal
solv.extracted

22.50

Molasses

4.00

Potato pulp

9.20

Beet pulp

10.00

Animal fat

1.00

L-Lysine HCL

0.18

Methionine DL

0.12

Vitamins and
minerals

1.00

Ca(H 2 Po 4 )*H 2 0

1.50

CaCo3

0.50

NaCl

0.30

Cr 2 0 3

0.25

Contributed the following per kg of diet: retinol, 9000 IU; cholecalciferol, 1800IU; a-tocopherol,
40 mg; menadione, 3 mg; riboflavin, 5 mg;cobalamine, 40 fig;nicotinic acid, 30 mg; D-pantothenic
acid, 12 mg; choline chloride, 150 mg; ascorbine acid, 50 mg; KJ, 500 fig;CoS0 4 *7H 2 0 2.5 mg;
Na 2 Se0 3 , 0.2 mg; FeS0 4 *7H 2 0, 0.40 g; CuS0 4 *5H 2 0, 0.1 g; Mn0 2 , 0.07 g; ZnS0 4 *H 2 0, 0.2 g. This
mixture also supplied 20 mg virginiamycin/kg to the diet. The mixture was made up to 1kg with
ground maize.

Chemical composition (g/kg dry matter)
as analysed
Crude protein (nitrogen x 6.25)
Gross energy
Sodium
Potassium
Crude fibre"1"
+

Calculated value

199.00
18.04 MJ kg"1 DM
1.60
13.00
65.00
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Chemical and statistical analysis.
Digesta, faeces and urine samples per animal and per period were pooled before chemical
analyses.Analyses for N and dry matter were carried out according to International Organization for
Standardization (1979, 1983).
Volatile fatty acids (VFA) were determined as described by Kaufmann & Hagemeister (1969).
Diaminopimelic acid (DAPA)analyses werecarried outaccording to Ahrensetal.(1985). Differences
among treatment means were tested according to the Tukey range test procedure of SAS(1990).

Results
LW Gain.
Fig. 2 shows the cumulative LW gain from 2 weeks after surgery until the 13 th week after
surgery. The average LW gain of the IRA-pigs was significantly lower (P<0.01) than for the intact
pigs.The average daily gain of the animals with an IRA wasonly 221 g/d, whereas the average daily
gain of the pigswith aPVTC cannula was 572g/d and for the intact pigs it was656 (SEM=21.7) g/d.
The difference in daily gain between the PVTC-animals and the intact pigs was not significant
(P>0.05).
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Fig. 2.

Live weight gain of pigs fitted with ileo-rectal anastomosis (-A-), post-valve Tcaecumcannula(-•-) and intact intestinal tract(-•-). Valuesaremeansand standard
deviations represented by vertical bars
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The effect of the IRA on growth rate was significant (P< 0.01), as was the effect on feed
conversion (P<0.01).For the IRA-pigs itwas 5.19 (2.3timeshigher than for the intact pigs2.29).The
average feed conversion calculated for the animals fitted with a PVTC cannula was 2.56.
N-retention
Table 2 shows values for the three N balances. Before surgical intervention there were no
significant differences between the groups. After surgery, however, N retention of IRA-pigs was
considerably lower than that of the other animals (P< 0.001). N retention of the intact and PVTC
cannulated animals were about twice that of IRA- animals and decreased with time. After surgery
Nretention of the IRA-pigs remained almost constant throughout the experiment. Intact and PVTCanimals showed the normal increase in the accretion of N.Valued for faecal and urinary N excretion
for IRA-pigs wereconstant and, apart from therenalNexcretion inperiod three,significantly higher
(P< 0.001) than those in the other two groups.
Table 2.

Nitrogen balances (gN/d per kg metabolic live weight (LW 075 )) in pigsfitted with ileorectal anastomosis (IRA), post-valve T-caecum (PVTC) cannula and intact pigs (INT).
LWon

2 weeks pre-surgery
IRA
PVTC
INT
SEM
5 weeks post- surgery
IRA
PVTC
INT
SEM
/ / weekspost -surgery
IRA
PVTC
INT
SEM

N-Intake

N-excretion

N-retention

faeces

urine
1.36
1.32
1.34
0.026

12.05
11.79
11.67
0.202

2.28
2.28
2.29
0.004

0.43
0.43
0.42
0.031

0.49
0.53
0.53
0.021

14.69

2.22
2.18***

0.65
0.34***

1.10
0.63***

0.45
1.21***

2.18***
0.004

0.28***
0.022

0.76***
0.054

0.060

2.25
2.22***
2.22*"

0.68
0.37***

***
18.62
19.38***
0.327
17.77
25.36***
26.94***
0.439

0.003

0.33***
0.034

1.14
0.90*
0.99
0.059

1.14***

0.43
0.95***
0.90***
0.076

t Standard error of the mean
Mean values were significantly different from those for IRA-animals: P< 0.05,

P< 0.001
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VFA
The total amount of VFA are shown in Table 3.In all three periods the concentration of VFA
measured in digesta from IRA- animals were significantly (P< 0.001) higher than those in digesta of
PVTC- pigs. In PVTC-pigs the highest concentration of each VFA was observed 3 weeks after
surgery. At 6and 13weeks after surgery the concentrations were lower and similar. In IRA-animals
the absolute amount of acetate, propionate and bytyrate increased during the experiment. Thus, 13
weeks after surgery the concentration of acetate in the digesta of IRA-animals was about six times
higher than that in digesta of PVTC-animals. For propionate and butyrate this factor was about 20
and for valerate 35.
Table 3.

Contents of volatile fatty acids (VFA; mmol/1) and their molare proportion (mol/100
mol) in digesta of pigs fitted with ileo-rectal anastomosis (IRA) and post-valve Tcaecum cannula (PVTC) 3, 9 and 12weeks after surgery.

Period after
surgery (weeks)

total

Molar proportions (mol/lOOmol) of

VFA

C2

c3

Q

c5

108.0

56.3

32.1

9.1

2.5

1.76

18.9

5.7**

1.3**

4.1"*

0.68

0.29

0.31
1.84

C 2 :C 3

3
IRA
PVTC
SEMt

31.2***

*

74.2***
1.66

1.13

9
IRA
PVTC
SEM

116.4
21.4***

*

58.2

31.8

8.2

1.8

79.5***

15.3***

4.6***

0.7***

5.80***

1.35

1.12

0.49

0.19

0.69

12
IRA
PVTC
SEM

162.7
20.5***

*

58.1

31.3

8.5

2.1

1.86

83.3***

12.5***

3.5***

0.7**

7.13***

1.38

0.85

0.53

0.29

0.57

Mean values were significantly different from those for IRA-animals:

P< 0.01,

P< 0.001

t Standard error of the mean *could not begiven asSEdiffered mainly between IRA-pigs (9.2, 11.5
and 5.8 respectively) and PVTC-pigs (3.7, 2.9 and 2.6 respectively) at 3, 9 and 12 weeks
respectively.
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Table 3also presents the molar proportions of VFA in digesta. In both treatments acetate was
present in the highest (P< 0.05) amount followed by propionate, butyrate and valerate. In PVTCanimals the amount of acetate was significantly (P< 0.001) higher (74-83 mol/100 mol) than that in
IRA-animals (55-58 mol/100 mol) and increased with time. On the other hand in IRA-animals the
amounts of propionate and butyrate (31 and 8-9 mol/100 mol) were significantly (P< 0.001 and P<
0.01 respectively) higher than those in PVTC-animals (12-19 and 3.0-5.2 mmol/100 mmol). These
differences resulted in adifferent C2:C3ratio.Thus, in PVTC-animals this ratio was 4.10-7.13 and
increased during the experiment; in IRA-animals it was about 1.80.
DAPA
DAPA concentration indigesta recovered from PVTC-andIRA-animals arepresented inTable
4. In all three digesta collection periods the concentration of DAPA in the digesta of the IRA-pigs
was significantly higher (P< 0.05 and P< 0.001) than those in digesta of PVTC-pigs. In addition in
IRA-animals the concentration of this amino acid increased with time. In digesta collected from
PVTC-pigs the highest DAPA concentration was observed 3 weeks after surgery. Results measured
in week 9 and week 12post-surgery were smaller and similar. N:DAPA ratios are given in Table 4.
In weeks 9 and 12after surgery the differences between the treatments were significant (P< 0.001).
In digesta of IRA-animals this ratio became smaller with time (P< 0.01), thus, the amount of
microbial N increased. In PVTC-animals this ratio was similar (P> 0.05) throughout the experiment.
Digesta flow.
Fig.Ill shows the average digesta flow calculated over 5d and expressed as percentage of the
total dry matter outflow over 12 hours for the first digesta collection period. The between-hours
digesta flow waslessvariable in PVTC-pigs compared with IRA-pigs and seemed tobereduced from
the 10 th to 13 th hour after feeding. However, during the 8 t h hour after feeding the digesta flow
increased by 3percentage units to 11% of the total outflow. For PVTC-pigs the within-hours mean
standard deviation was 4.75 %. In IRA-pigs the hourly digesta flow was relatively irregular. Thus,
the calculated hourly digesta flow varied between 3.7 and 12.6%of the total outflow over 12h. As
with the PVTC-pigs the digesta flow decreased from the 8 t h hour after feeding. In contrast to the
results obtained with PVTC-pigs the mean variation for IRA-pigs was about two times higher.

Discussion
It is questionable whether IRA-animals and intact animals have similar metabolic rates. An
increased metabolic rate as a result of discomfort might be expected. MacRae et al. (1982) found an
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increased metabolic rate insomeof thesheepprovided with re-entrant cannulas whencompared with
intact animals. With the IRA-technique an increased metabolic rate would result in a lower rate of
energy gain and an increased feed:gain ratio on a similar metabolizable energy (ME) intake. Hennig
et al.(1986)reported a 55%reduction in LWgain for IRA-pigs and afeed conversion which was 2.3
times higher than that for intact pigs. These workers suggested that energy utilization was reduced
as a result of the absence of the large intestine. In the present investigation pigs were fed at a level
of 2.4 times the maintenance requirement for energy (2.4 X420 kJ/kg LW0-75), this is about 90% of
the Agricultural Research Council (1981) standards. Herrmann et al. (1989) measured the energy
digestibility and metabolizability in anastomized pigs in comparison with intact animals.They found
that IRA-pigs have a 15 %lower metabolizability of energy compared with intact animals. Thus,
when applied to our animals, this means that compared with the control group which had 2.4 X 420
= 1008 kJ ME kg LW°75 the IRA-animals had a feeding level of 15%less or 857 kj ME kg LW° " .
Furthermore, Herrmann et al.(1989) found that maintenance requirement for energy was increased
by 12% in IRA-pigs. For IRA-pigs they calculated a maintenance requirement for energy of 504
kJ/kg LW 076 . In our experiment the control pigs had 1008- 420=588kj ME per kg LW 075 available
for performance. In IRA- animals both the reduced metabolizability and the increased maintenance
requirement for energy would resulted in energy available for growth of 857 - 504 =353 kj ME kg
LW 075 ; this is much less than that for intact animals. Based on values for gain expressed per unit
metabolic LW(LW0,75)the IRA-animals had an average gain of 13.9g / kgLW 0 7 5 and the intact pigs
29.5 g / kg LW0'75. PVTC-pigs had an average LWgain of about 27.4 g / kg LW 075 . Compared with
the intact animals the IRA-animals gained 47 %and the PVTC-pigs 93 %. Based on energy supply
and a similar composition of gain IRA-animals could gain about 60 %of that of the intact animals.
The difference of 3.8 g / kg LW 075 between IRA- and intact pigs can be partly explained by the
different diet in our study compared with thatof Herrmann etal.(1989).Inaddition, the composition
of gain may be different. In general our findings compared favourably with those of Herrmann et
al.(1989). The somewhat reduced gain in PVTC-animals can be attributed to the digesta collection.
Digesta tobecollected doesnot contribute tolarge intestine digestion. Withour technique of feeding,
based on LW0'75, a small reduction in rate of gain would result in less feed for the rest of the
experiment.

Digestibility measurement at the distal ileum have been shown to be more sensitive than faecal
measurement, becausemicrobical activity inthe hind-gut of pigsinfluences thecomposition of faeces
(Mason, 1984).On the other hand, with the IRA-procedure digesta flows through the rectum, which
may permit some fermentation totake place.In PVTC-animals the cannula isplaced post-valvularly,
thus, it is possible that digesta from the colon may have an effect on digesta composition. As an
indirect indication of microbical activity, VFA levelsindigesta from IRA- and PVTC-animals were
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Fig. 3. Digesta flow (relative dry matter outflow per h over 12 h) in pigs fitted with ileo-rectal
anastomosis (

)or post-valveT-caecum cannula(

).SdIRA =9.43,SdPVTC=4.75

measured (Table 3). In PVTC-animals the concentrations of VFA in ileal digesta were comparable
with reported values (Clemens et al., 1975; Argenzio and Southworth, 1975; Drochner, 1984;
Mosenthin, 1987). Values obtained with IRA-pigs were quite different from those for PVTC-pigs.
In IRA-animals concentrations of VFA were about three to eight times higher and the molar
proportions of acetate and propionate were quite different. While in PVTC-pigs the percentage of
acetate was in arange of 74-83 %,the corresponding value wasabout 58% in digesta recovered from
IRA-animals . In the literature acetate:propionate ratios measured in different segments of the
intestinal tract were considerably different (Clemens et al., 1975; Argenzio & Southworth, 1975;
Drochner, 1984; Mosenthin, 1987). Differences between these sections of the intestinal tract were
similar to those found between PVTC- and IRA-animals. Thus, molar proportions of VFA in ileal
digestaof PVTC-pigs weresimilar to reported valueswhen VFA concentration weremeasured inileal
digesta. Molar proportions of acetate of about 50-60 mol/100molaswefound in digestaof IRA-pigs
have alsobeen reported for faeces (Argenzio &Southworth, 1974;Drochner, 1984;Saueret al., 1991)
and in digesta collected from the colon (Miinchow et al., 1989). As an additional indication of
microbical activity DAPA wasdetermined (Table4).DAPAconcentrations indigestaof IRA-animals
were 1.3 - 2.3 times higher than those in digesta collected from PVTC-pigs. Differences between
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Diaminopimelicacid (DAPA)concentration (mg/g DM)and thenitrogen (mg/100mg
DM) : DAPA (mg/100 mg DM) ratio in digesta of pigs fitted with ileo-rectal
anastomosis (IRA) or post-valve T-caecum (PVTC) cannula 3,9 and 12weeks postsurgery.

Period after

N:DAPA

DAPA
IRA

PVTC

SEM^

IRA

PVTC

SEM

3

0.60

0.47*

0.04

51.8

59.8

3.97

9

0.68

0.34

0.04

43.4

71.7***

3.91

12

0.80

0.34

0.04

36.3

68.6***

3.36

surgery (weeks)

t Standard error of the mean
Mean values were significantly different from those for IRA-animals P<0.05,

P< 0.001

treatments with regard to both VFA and DAPA concentrations indicate increased microbial activity
in the digesta recovered from IRA-pigs. This fact may be especially important for amino acid
digestibility measurements, because it can be assumed the amino acid composition of microbial
protein is different from that of digesta. The relative amount of microbial protein contributing to
total protein isgiven asthe N:DAPA ratio (Table 4).While indigesta from PVTC-animals this ratio
slightly increased with time, in IRA-pigs the value decreased. Thus, the proportion of microbial
protein relative to total protein in digesta from IRA-pigs increased with time. This increase in the
population of micro-organisms corresponds with the increase in the concentration of VFA.
As mentioned previously, in the IRA-technique the ileo-caecal valve is used, asproposed by
Souffrant (1985), to prevent a backflow of digesta from the rectum into the small intestine. On the
other hand it can be accepted that there is no synchronization of the ileo-caecal valve and the anus,
so that the digesta outflow via the anus is not similar to that in cannulated animals (Fig. III). This
interruption of digesta flow in IRA-pigs resulted in an irregular digesta outflow and a significantly
(P<0.05) higher variation between the IRA-animals. An accumulation of ileal digesta in the rectum
represents optimal conditions for fermentation. Although Green (1988) found no differences in the
digestibility of amino acidsbetween IRA-pigs in the presence orabsenceof the ileo-caecal valve,our
findings for IRA-pigs withanintactsphinctersuggesthighmicrobialdigestion which might influence
digesta composition.
Differences between treatments in N losses from urine were not expected as urine was first
collected in funnels, then in a container, in presence of sulphuric acid which maintained the pH of
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the urine below 2. Overestimation of N retention has been reported previously (Oslage et al, 1987,
Walz & Pallauf, 1989). In the present experiment, N retention was overestimated, the values being
higher for PVTC-animalsand intact animalsthan for IRA-animals.Thus,moreNmay havebeen lost
into the air from faeces of PVTC- and intact animals than from faeces of IRA-animals.
It can be concluded that PVTC-cannulation has no significant influence on growth
performance. Fermentation variables were similar in value to those given in the literature; thus, the
influence of site(post-valvular)canbeexcluded. InIRA-pigs theeffects of this technique the growth
were considerable and in agreement with previously reported findings. Values for VFA and DAPA
levels indicate a respectable level of microbial activity. The latter may have an influence on
digestibility measurements.Further studieswillbenecessarytoinvestigatedigestibility measurements
in IRA-pigs, especially with regard tothe digestibility of aminoacids and carbohydrates, because the
amino acid profile may be changed and a part of the carbohydrate may be broken down due to
microbial fermentation.
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Effect of ileo-rectal anastomosis and post-valve T-caecum
cannulation on growing pigs. 2. Blood variables and mineral balances
Abstract
In a long term study nine ileo-rectally anastomosed (IRA) and seven post-valve T-caecum
(PVTC) cannulated pigs were compared with six intact pigs with regard to different blood variables,
sodium and potassium retention and weights of selected organs. After surgery apart from urea and
K measured 13 weeks post-surgery there were no differences in the blood variables between the
PVTC-pigs and intact pigs. In IRA-pigs concentrations of creatinine (P< 0.01), Na (P< 0.001), base
excess (P< 0.001), pH (P< 0.01) and bicarbonate (P< 0.001) in blood were lower than those in INTpigs. At 13weeks after surgery the blood K concentration in IRA-pigs was higher (P< 0.001) than
that in PVTC-pigs or intact pigs. At 6weeks after surgery the blood urea concentration in IRA-pigs
was higher (P< 0.001) than that in intact and PVTC-pigs. At 13 weeks after surgery the urea
concentration in PVTC-pigs was higher (P<0.001) than those in IRA-pigs or intact pigs.The Na and
K balances in IRA-pigs were lower (P<0.01 for Naat week 11post-surgery and P<0.05and P<0.001
for K at weeks 5 and 11 post-surgery respectively) than those in intact animals. Na retention was
negative for IRA-animals 11 weeks after surgery. Na and K retentions were similar in PVTC-pigs
and in intact pigs. The urinary:faecal excretion of Na differed slightly between PVTC-animals and
intact animals. At 13 weeks after surgery there were no differences in organ weights between the
PVTC-pigs and intact animals. In the IRA-pigs the weights of the liver (P> 0.05), the kidneys (P>
0.05) and the adrenal glands were higher (P< 0.001) than those in the intact animals.

Introduction
The post-valve T-caecum (PVTC) cannula, as described by van Leeuwen et al. (1988), has
been shown to provide reliable measurements of digestibilities at the distal ileum of pigs (Kohler et
al.,1990;Van Leeuwen et al., 1991).Ileo-rectal anastomosis (IRA) hasbeen proposed asan alternative
technique for cannulation (Picard et al., 1984; Laplace et al., 1985; Souffrant et al., 1985; Green,
1988).Both methods may affect the physiological state of the animals. Digestibility asa physiological
variable has to be determined in animals in a normal physiological state. Findings for growth
performance, digesta flow and intestinal fermentation have been presented previously (Kohler etal.,
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Fig. 1. Experimental design
1991).The objective of the present study was to compare the recently developed PVTC cannulation
technique with the end-to-side IRA technique with regard to different blood variables, sodium and
potassium balances and selected organ weights.

Materials and Methods
Twenty-two Crossbred castrates (Yorkshire xDutch Landrace) with an average body weight
of 30 kg were used. Nine pigs were provided with an end-to-side IRA and seven pigs with a PVTC
cannula. Detailsof surgical techniques and theexperimental procedure havebeen reported previously
(Kohler et al., 1991).The experimental design isshown schematically in Fig. I.The animals were fed
at 2.4 times maintenance requirement for energy (Agricultural Research Council, 1981). The
composition of the experimental diet is shown in Table 1.
Blood-samples.
At 6and 13weeks after surgery blood samples were obtained 3hpost-prandially by puncture
of the vena jugularis externa. The following analysis in blood were carried out: Na, K, chloride,
calcium, magnesium, urea, creatinine, pH, active bicarbonate and the base excess. In addition Na,
urea and creatinine levels were determined 1week before surgery.
Analysis of blood samples.
Urea, creatinine, Na, K and CI concentrations were measured in serum obtained after
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and mineral balances

Table 1.

Composition of the
experimental diet (g/kg)

Ingredients
Maize
Barley
Wheat
Soya-bean meal
solv.extracted
Molasses
Potato pulp
Sugar-beet pulp
Animal fat
L-lysine HCL
Methionine DL
Vitamins and
minerals
Ca(H 2 Po 4 )*H 2 0
CaCo 3
NaCl
Cr2Os

32.95
6.00
10.50
22.50
4.00
9.20
10.00
1.00
0.18
0.12
1.00
1.50
0.50
0.30
0.25

Contributed the following vitamin and mineral sources per kg of diet: retinol, 2.7 mg;
cholecalciferol, 45 /xg, a-tocopherol, 40 mg; menadione, 3 mg; riboflavin, 5 mg; cobalamine, 40 /xg;
nicotinic acid, 30 mg; D-pantothenic acid, 12 mg; choline chloride, 150 mg; ascorbine acid, 50 mg;
K J , 500 fig;C o S 0 4 * 7 H 2 0 2.5 mg; Na 2 SeO s , 0.2 mg; F e S 0 4 * 7 H 2 0 , 0.40 g; C u S 0 4 * 5 H 2 0 , 0.1 g; M n 0 2 ,
0.07 g; Z n S 0 4 * H 2 0 , 0.2 g. This mixture also supplied 20 mg virginiamycin/kg diet. The mixture was
made up to 1 kg with ground maize

Chemical composition:
Analysed (g/kg dry matter)
Crude protein
Gross energy
Sodium
Potassium
Calculated
Crude fibre
Chloride
Magnesium
Calcium

199.0
18.04 MJ
1.6
13.0

65.0
1.9
1.6
2.6

centrifugation of the blood samples at 3000 rev./min for 20 min. Urea and creatinine concentration
were estimated using Biomerieux kits, Na and K were measured using a flame photometer (model
243), CI using a Chlor-O-Counter Lameris. Mg was measured in heparinized plasma using an atomic
absorption spectrophotometer (Model 305 B, Perkin Elmer). Plasma Ca concentration was measured
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according toWillis(1960).pH,bicarbonate and baseexcesswere measured in blood, air-free sampled
in a syringe, kept at 0° in ice water until analysed using a blood gas pH meter (ABL2 acid base
laboratory radiometer). These analysis were carried out within 90 min of collection of the blood.
Na and K balances
At 5 and 11 weeks after surgery the Na and K balances were determined over a period of 5 d.
Organ weights.
At 13 weeksafter surgery the animalswereslaughtered and the weightsof theliver, kidneysand
the adrenal glands as well as the girth of the rectum were registered.

Results
Blood variables
Values for blood variables are shown in Table 2.After surgery the blood creatinine contents of
pigs fitted with an IRA were significantly lower than those in intact animals or in animals fitted with
a PVTC cannula (P< 0.01). Pre-operative urea concentrations were not different between the
treatment groups.At 6weeks after surgery urea levels in the IRA-animals were increased and higher
(P<0.001)than in the other treatments. At 13weeks after surgery blood urea levelsfor IRA-animals
and intact pigs were similar; however, PVTC cannulated animals had higher (P< 0.001) levels
compared with those for the other two treatments. At 6 and 13 weeks after surgery the blood Na
levelsof IRA-animals were lowerthan thoseof the intact animals(P<0.001and P<0.01respectively).
At 13 weeks after surgery the blood K levels of the IRA-pigs were higher than those of the other
animals (P< 0.001). In PVTC-pigs blood K levels were intermediate relative to the other treatments
and significantly higher (P< 0.001) than levels for intact pigs. No significant differences between
treatments were observed for the blood CI, Ca and Mg contents. At 6 weeks after surgery the blood
base excess of IRA-pigs was (P< 0.001) lower than that of intact pigs. The PVTC-animals had
intermediate levelsbetween IRA- and intact animals.At 13 weeksafter surgery the blood baseexcess
of IRA-pigs was at a very low level and significantly different (P< 0.01) from that of the other two
treatments. At 13weeksafter surgery serum pHfor IRA-animals differed (P<0.01)from thatfor the
other two treatments. At both 6and 13weekspost-operatively the amountsof active bicarbonates for
IRA-pigs were lower (P< 0.001 and P< 0.01 respectively) than those for PVTC-pigs and intact pigs.

Na balance
The results of the Na balances are given in Table 3.For the intact and PVTC-cannulated pigs
the Na retention (mg/d) decreased with timebut remained slightlypositive. At5weeksafter surgery
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Table 2.

Biochemical characteristics in serum of pigs with ileo-rectal anastomosis (IRA), postvalve T-caecum cannulae [ P V T Q and intact intestinal tract(INT)
IRA

creatinine
ymol/l
pre-surgical
6 weeks p.s.*
13 weeksp.s.

112.22
118.78
127.11

urea mmol/l
pre-surgical
6 weeks p.s.
13 weeksp.s.
sodium mmol/l
pre-surgical
6 weeksp.s.
13 weeksp.s.
potassium
mmol/l
6 weeks p.s.
13 weeksp.s.

PVTC

124.71
145.71**
149.71**

INT

S E Ml

111.33
137.00
148.33**

4.20
5.15
4.78

3.75
6.77
6.02

3.66
3.97***
8.36***

3.92
4.53***
6.37

0.19
0.33
0.32

146.78
140.11
139.33

147.57
150.71***
144.71**

147.17
148.17***
146.33**

0.65
1.34
1.39

5.79
5.61

5.50
5.09***

5.00
4.75ttt

0.25
0.09

chlorine mmol/l
6 weeksp.s.
13 weeksp.s.

95.11
92.22

99.86
91.86

98.50
95.00

1.37
1.31

calcium mmol/l
6 weeks p.s.
13 weeksp.s.

2.60
2.60

2.53
2.53

2.60
2.60

0.03
0.04

magnesium
mmol/l
6 weeksp.s.
13 weeksp.s.

0.84
0.83

0.87
0.90

0.87
0.85

0.02
0.02

base excess mmol/l
6 weeks p.s.
13 weeksp.s.

1.19
-0.96

3.14
5.24**

5.18***
6.50**

0.50
1.37

7.32
7.26

7.31
7.37**

7.37
7.38**

0.41
0.03

28.63
27.89

32.37***
32.36**

32.30***
33.88**

0.61
1.04

PH
6 weeksp.s.
13 weeksp.s.
active bicarbonate
6 weeksp.s.
13 weeksp.s.

mmol/l

t Standard error of the mean; *post-surgery
Mean values were significantly different from those for IRA-pigs: P< 0.01,
P< 0.001
Mean values for intact pigs were significantly different from those for PVTC-pigs and IRA-pigs: ttt
P< 0.001
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the Na retention (mg/d) of IRA-pigs was in the same range as values obtained for the other
treatments. At 11weeks after surgery the Na balance of the IRA-pigs was(P<0.01) lower than those
of the other treatments. At both 5 and 11 weeks the Na retention of PVTC- animals was similar to
that of intact pigs.Table 3also shows that in intact and PVTCcannulated animals the amount of Na
excreted in the urine was higher than that excreted in the faeces. In IRA-animals the renal:intestinal
Na ratio was reversed, which finally resulted in a negative ileal digestibility for Na in IRA-pigs.
K balance
The K balance (Table 4)showsdifferences similar tothose for Na balance.The apparent faecal
digestibility of K in the PVTC cannulated and intact pigs was about 86 %.The intestinal utilization
of K in IRA-pigs was 34%.As for Na, the renal:intestinal K loss in IRA-animals did not follow the
pattern found for intact and PVTC-animals.Theamount of K excreted in urine of intact and PVTCpigs was higher than that excreted in the faeces (P< 0.001). In IRA-pigs more K was excreted in the
digesta than in the urine. At 5 weeks after surgery K retention (mg/d) of IRA-pigs was lower (P<
0.05) than that of intact animals. At 11 weeks after surgery the K retention (mg/d) of PVTC- and
intact animals was higher (P< 0.01) than that of IRA-pigs. K retention expressed as a percentage of
intake shows no differences between the treatments.
Organ weights.
Table 5shows the relative weights of the liver, the kidneys and the adrenal glands at 13weeks
after surgery. Weights are expressed in g/kg live weight0,75. For the IRA-pigs the weights of the
organs were higher than for the other animals. For the adrenal glands these differences were
significant (P< 0.001). In addition to the organ weights the circumference of the rectum was
measured. In IRA-animals thecircumference of the rectum waslarger (P< 0.001) than thatin PVTCor intact animals.

Discussion
Steger et al.(1976) reported that the blood creatinine content of growing pigs is positively
correlated with the weight of the animals.Inagreement with this statement Duggal and Eggum(1978)
reported, that the daily creatine and creatinine excretion of growing pigs was positively related to
body weight and to nitrogen retention. In addition, Murlin et al. (1953) concluded from their results
that high urinary creatinine excretion indicated high N utilization. It may assumed from these three
studies that high blood creatinine content may be associated with high urinary creatinine excretion;
furthermore it may also be relate to high N utilization and high muscle mass. Only a limited amount
of information is available in the literature on blood creatinine levels of pigs. These findings are
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summarized in Table 6. The present results which were in the range 111-149pmol/1(Table 2) are in
agreement with corresponding values from the literature.
Table 3.

Sodium balances in pigsfitted with ileo-rectal anastomosis (IRA), post-valve T-caecum
(PVTC) cannulae or intact intestinal tract (INT).
IRA

PVTC

INT

S£A/t

Intake mg
5 weeks p.s.*

3015

2078*"

2160***

36.74

11weeks p.s.

3314

2759***

2924***

46.17

5 weeks p.s.

2319

512***

376***

100.85

11 weeks p.s.

3672

1065***

960***

161.33

1122***

66.79

1575"

87.57

699

662

117.06

488**

390

181.48

33.8

30.7

4.43

17.9**

13.3**

5.82

Excretion infaeces mg§

Excretion urine mg
5 weeks p.s.

32

11 weeks p.s.

48

***
867
1206***

Retention mg
5 weeks p.s.

663

11 weeks p.s.

-407

Retention in %
5 weeks p.s.

21.9

11 weeks p.s.

-12.4

Total digestibility %
5 weeks p.s.

23.0

75.5***

82.6***

3.61

11 weeks p.s.

-10.9

61.4***

67.2***

4.99

t Standard error of the mean; *post-surgery.
5In PVTC-pigs and intact pigs: excretion in faeces; in IRA-pigs excretion in digesta.
Mean values were significantly different from those for IRA-pigs:

P< 0.01,

P< 0.001.

Mean values for intact-pigs weresignificantly different from thosefor PVTC-pigs and IRA-pigs: ttt
P<0.01.
A lower creatinine concentration (P< 0.01) and lower daily live weight gain (P< 0.01) was
found for IRA-pigs than for PVTC- and intact pigs.The IRA-pigs also showed alower N-retention
(P<0.001; Kohler et al. 1991).Thus, our findings for IRA-pigs were inaccordance with values from
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Potassium balances in pigs

fitted with ileo-rectal anastomosis (IRA),

caecum (PVTC) cannula or

intact intestinal tract (INT).

IRA

post-valve T-

PVTC

INT

SEM*

Intake mg
5 weeks p.s.*

13750

17066***

17776*

301.64

11 weeks p.s.

16911

23652***

25069*

395.59

5 weeks p.s.

9050

2316***

2280*'

332.25

11 weeks p.s.

11290

3496***

3372*'

412.05

5 weeks p.s.

2711

11752***

11922*

392.86

11 weeks p.s.

3400

15837***

16847*

610.38

5 weeks p.s.

1989

2998

3574*

353.06

11 weeks p.s.

2221

4319***

4850*

515.74

5 weeks p.s.

14.38

17.51

20.00

2.08

11 weeks p.s.

12.94

18.21

19.32

2.27

5 weeks p.s.

34.02

86.47***

87.14

2.51

11 weeks p.s.

32.99

85.17***

86.55

2.45

Excretion faeces mg§

Excretion urine mg

Retention mg

Retention in %

Total digestibility %

t Standard error of the mean; *post-surgery.
§ In PVTC-pigs and intact pigs:excretion in faeces; in IRA-pigs excretion in digesta.
Mean values were significantly different from those for IRA-pigs: P<0.05,

P< 0.01,

P<0.001.

the literature for pigs with a reduced live weight, daily live weight gain and N utilization.
Berschauer (1977)found aclear negative correlation between the extent of protein utilization
and the blood urea content. Berschauer (1977) measured blood urea in pigs fed on diets differing in
energy:protein ratio and he concluded that an energy deficiency results in higher blood urea
concentrations. Bolduan and Schneider (1986) reported that the normal blood urea content of pigs
ranges from 4 to 7 mmol/1serum. About 90 %of urea is derived from deamination of amino acids
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after absorption and 10 % is derived from ammonia originating from microbial activity and
subsequent deamination in the intestine.
Organ weights (per kg live weight 076 ) of pigs fitted with ileo-rectal anastomosis

Table 5.

(IRA) or post-valve T-caecum cannulae (PVTC) and intact intestinal tract (INT) at
week 13 post-surgery.

PVTC

IRA
Liver ing
Kidneys in g
Adrenal glands in mg
Circumference of the rectum mm

SEM^

INT

13.18

12.24

12.68

1.34

3.40

2.80

2.72

0.18

93.00

60.00

53.33

0.01

99.30

113.30

0.68

149.40

*Standard error of the mean
Mean Values were significantly different from those for IRA-pigs:

P < 0.001

Blood urea contents reported in the literature are given in different units of measurement.
Table 7 gives a brief summary of these results as well as the corresponding values expressed in
mmol/1. Our values are in the same range as those reported in the literature. There were significant
differences (P< 0.001), however, between the treatments in our experiment (Table 2).
The blood urea content also depends on:
- the potential rate of protein gain ( breed, sex, age),
- the protein quality (the composition of the amino acids),
- the level of protein intake
- the energy intake.
Inthe present experiment allthesefactors werestandardized byassessingfeed intake onaunit
metabolic body weight basis. The blood urea content of intact pigs and in PVTC-cannulated pigs
increased with time.This ispossibly related toN-retention and growth intensitywhich decreased with
time (Kohler et al., 1991).In IRA pigs the blood urea content during the 6 t h week after surgery was
higher (P<0.001) than that in intact or PVTC-cannulated pigs.These findings are inaccordance with
both the reduced N-retention and growth in the IRA-pigs. Rerat (1986)concluded that in intact pigs

Chapter II: T.Kohler et al.

48

the amount of urea which is taken up by the intestinal tract and excreted asmicrobial protein in the
faeces wasalmost similar tothe urinary excretion of urea. This recycled urea isexcreted as microbial
protein in the faeces. For pigs fitted with an IRA urea excretion as microbial protein is assumed
Table 6.

Creatinine content in blood of pigs

0.90- 1.30

80 - 100

Reference
Wrogemann and Holtz

1972

2.25 - 2.37

199 - 209

Tumbleson et al.

1972

/jmol/1

mg/1

1.59 - 1.80

141 - 159

Stegert

1976

1.15

102

Gregor

1979

1.60- 1.66

142 - 147

Witkowskat

1979

111-150

Present study*

Mini pigs,

t Growing pigs

Table 7.

Urea content in blood of pigs

mg/1

mmol/1

Reference

120- 133

2.00 - 2.22

Tumbleson et al.

1972

268 - 377

4.47 - 5.62

Steger et al.

1976

3.83 - 13.83

Gregor

1979

107 - 387 (Urea
300 - 409
277.7

N)

4.50 - 6.20

Bolduan and Schneider

1986

5.00 - 6.82

Mosenthin et al.

1988

4.20 - 6.35

Munchow et al.

1989

4.63

Wittenburg et al.

1989

3.66 - 8.43

Present study

Mini pigs

impossible. Unless there iscompensatory fermentation in the distal ileum or in the rectum, or both.
Urea could also be excreted as urea with the ileal digesta, because Mosenthin et al. (1988) reported
a higher urea concentration in ileal digesta after intravenous infusion of urea. Additional findings
(Kohler, Verstegen, Mosenthin; unpublished results)showed that the Ncontent indigestafrom IRA-
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gher than that in the ileal digesta of the PVTC-pigs. Thus, thecomposition of ileal digesta
-animals is not similar to that of PVTC-animals. Also the amounts of volatile fatty acids
lopimelic acid (DAPA) in the digesta of IRA-pigs were increased and were higher (P<0.05
01 respectively) than those in PVTC-animals (Kohler et al., 1991). This shows that there
d microbial activity in the ileum or rectum, or both, in IRA-pigs. As a consequence more
e excreted because some urea may have been utilized by micro-organism. This could also
e higher (P< 0.001) concentration of N in the digesta of the IRA-animals compared with
-pigs. It may indicate a compensatory change of function in the ileum or rectum, or both,
i-animals. Acompensatory change in digestive function in IRA-pigs wasalsosuggested by
tained for the dry matter contents of the digesta. The ileal dry matter content for IRAizs higher (P< 0.001) than that of ileal digesta of PVTC-pigs (Kohler et al., 1992). In
to these findings the larger (P< 0.001) circumference of the rectum (Table 5) and the
digesta outflow (Kohler et al., 1991) indicate an increased transit time for digesta in the
'his may result in extra water absorption.
Sodium contents in urine (mg/1) 5 and 11 weeks post-surgery in pigs fitted with ileorectal anastomosis (IRA) or post-valve T-caecum cannulae (PVTC) and in intact pigs
(INT)
Treatment

p.s*

? p.s.

IRA

PVTC

INT

SEM^

15.00a

371.60b

416.00b

17.70

12.38a

336.00b

406.83c

17.67

rd error of the means *post-surgery
avalues in the same row with unlike superscript letters were significantly different P< 0.001

cantara et al.(1980) reported that pigs fed on alow Na diet had a low blood Na concentration
ihad an increased blood K concentration. There are reports that the ileal digestibility of Na
ive and that Na is absorbed in the large intestine (Drochner, 1982; den Hartog et al., 1988;
>e, 1978; Partridge et al.,I986). In IRA-pigs in the absence of absorption from the large
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0.001 and P< 0.01) Na concentration in the blood of IRA-pigs at 6 and 13 weeks after surgery
respectively (Table 2). In addition the blood K.concentration of IRA-pigs was higher that those of
the other treatments. Hyperkalemia has been reported as a typical manifestation of Na deficiency
(Black, 1960).Our findings in IRA-animals show the same tendences asthose reported by Alcantara
et al. (1980) who fed low-Na diets.
Miinchow et al.(1989) reported serum CI concentrations in the range 97.0 - 104.0 mmol/l for
pigs fed on different diets. In accordance with these values our findings (91.9 - 99.9 mmol/l) were
in the same range and they did not differ between treatments.
Hennig et al.(1986, 1988a) reported Ca concentrations in serum of intact and anastomized pigs
in the range 2.59 - 2.94 mmol/l and Miinchow et al.(1989) 2.52 - 2.73 mmol Ca /l serum. In the
present experiment similar Ca concentrations were found. We found no differences between
treatments.
For Mg there were no differences between the groups and the results were comparable with
valuesreported intheliterature.Nuoranne(1983)reportedanormalpost-absorptive Mg concentration
of 0.80 - 0.96 mmol/l serum, this is in accordance with our values (0.83 - 0.90 mmol/l).
The IRA-technique had a considerable effect of on the base excess and the bicarbonate
concentration; both variables were lower (P< 0.01 and P< 0.001 respectively) in pigs provided with
an IRA. Patience et al.(1987) reported that reducing the dietary electrolyte balance decreased the
serum pH and bicarbonate concentration. Inaccordance with these findings IRA-animals had alower
(P< 0.01) blood pH 13weeks after surgery. Based on these findings a metabolic acidosis as the result
of a reduced electrolyte balance can be expected for IRA-pigs. Findings for PVTC-cannulated pigs
were similar to those for intact pigs.
In IRA-animals a significantly lower growth and N retention were observed (Kohler et al.,
1991). Growth, N-retention and protein utilization depend on the level of energy intake. Na is an
important element in the active absorption of different nutrients .Therefore, negative absorption of
Na may be detrimental to the rate of gain. To compensate for the negative Na balance the IRA-pigs
were supplied orally with extra electrolyte solution mixture, as described by Hennig et al.(1986). In
addition, these authors proposed a sugar/starch supplement for IRA-animals to compensate for the
absence of energy absorption from the large intestine. They reported similar N utilization and N
balance in IRA-pigs and in intact pigs (Hennig, 1988). In the present investigation an electrolyte
solution mixture, asdescribed by Hennig etal.(1986), wasadded tothe diet (200ml/20 kglive weight
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Sodium contents in ileal digesta (g/100 g DM) 3, 9 and 12 weeks post-surgery in pigs
fitted with ileo-rectal anastomosis (IRA) or post-valve T-caecum cannulae (PVTC)

Time

Treatment
IRA

PVTC

SE\rf

3 weeks p.s}

1.02*

3.00b

0.07

9 weeks p.s.

0.96a

2.84b

0.06

12weeks p.s.

0.95a

3.19b

0.04

t Standard error of the mean *post-surgery
ab

Mean values in the same row with inlike superscript letter were significantly different P< 0.001

balance in IRA-pigs and in intact pigs (Hennig, 1988). In the present investigation an electrolyte
solution mixture,asdescribed byHennig etal.(1986), wasadded tothediet (200ml/20 kglive weight
per d), but the sugar/starch supplementwas not provided. Our findings showed that the addition of
the electrolyte solution to the diet of the IRA-pigs was not sufficient to achieve the same level of N
retention as intact or PVTC-cannulated animals. In IRA-pigs Na metabolism in the absence of the
large intestine was different from that of the other groups (Table 3). Faecal Na digestibility of the
intact and PVTC cannulated pigs ranged from 61.4 to 82.6 %.In IRA-pigs total Na digestibility was
23.0 and -10.9 %. Clarke et al. (1967) reported chronic Na depletion in humans fitted with an
ileostomy. Their investigation by means of intravenous saline (9 g sodium chloride/1) infusion
revealed an intestinal adaptation to conserve Na. Thus, after Na infusion Na concentration in ileal
digesta increased and K concentration decreased. This post-infusion response suggests Na
conservation in exchange for K. In our experiment Na loss in the urine was lowest in IRA-pigs. To
compensate for the absence of sodium absorption in the large intestine of IRA-pigs the urinary Na
loss was about thirty times lower than that in intact pigs (Table 8). In humans Clarke et al. (1967)
concluded that intestinal adaptation is mediated by aldosterone. Increased aldosterone secretion may
result in compensatory growth of the adrenal glands.In addition, kidney weights mayhave increased
as the result of increased Na re-absorption. Table 5shows that in IRA-animals weights of kidneys
(P> 0.05) and adrenal glands were higher (P< 0.001) than those in PVTC- or intact animals. Values
for PVTC-animals were similar to those for intactanimals.The Na content of digesta from IRA-pigs
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information indicates that animals fitted with an IRA may have altered Na metabolism. It seems that
these animals have a hydro-electolyte disturbance due to the bypass of the colon.
For K a similar pattern was found (Table 4).The retention and the faecak:urinary K excretion
of PVTC cannulated pigs was comparable to that of intact pigs. There was a considerable change in
these variables for anastomized animals.Thus,IRA-pigs compensate for the absence of K. absorption
in the large intestine by reducing urinary excretion. The patterns of both Na and K balances
demonstrate the important role of the large intestine in mineral absorption and were in agreement
with the findings of Clarke et al.(1967).
In conclusion the findings of our experiment suggest that PVTC cannulation has no effect on
the mineral balances, organ weights and blood variables measured. Differences between PVTC-pigs
and intact pigs with regard to blood urea concentration suggested an effect of digesta collection on
this variable. Further studies are necessary to investigate the effect of digesta collection on urea
metabolism inPVTC-pigs. For IRA-pigs the findings suggest that Nasupplementation ascarried out
in the present experiment wasinsufficient tocompensate for the absence of mineral absorption from
the large intestine.
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Digestibility measurements in pigs by using post-valve T-caecum
cannulation or end-to-side ileo-rectal anastomosis
Abstract
Digestibility measurement were carried out with pigs (30-90 kg LW)fitted with post-valve Tcaecum (PVTC) cannulas orprepared with ileo-rectal anastomosis (IRA)at 3,9and 12weeks p.s.The
apparent ileal digestibilities of dry matter (DM), nitrogen (N), amino acids (AA), sodium (Na) and
potassium (K) were determined. In addition, the concentration of DM, the recoveries of N, Na and
K in the ileal digesta (per kg DM intake) and the AA composition in digesta were determined. The
concentration of DM was higher (P< .001) in digesta from IRA-pigs than of PVTC-pigs. With the
exception of arginine, lysine, valine and glutamic acid the amino acid composition was different
between treatments (P< .05 - P< .001). With the exception of N, lysine, threonine, valine, aspartic
acid, glutamic acid, glycine, proline, and serine the digestibilities were different. Digestibilities of
DM and cystine were higher (P< .01 - P< .001) and digestibilities of arginine, histidine, isoleucine,
leucine, methionine, phenylalanine, alanine and tyrosine lower (P< .05 - P< .001) in IRA- than in
PVTC-pigs. Except for lysine and Nathedigestibilities in PVTC-pigs were similar from week 3until
week 12post-surgery. In IRA-pigs except for histidine, lysine, methionine, alanine and proline the
digestibilities increased with time. While the digestibility of lysine decreased from wk 3 to 12p.s.,
the methionine digestibility remained similar during the experimental period. The apparent Na
digestibility was significantly higher (P< .001) in IRA-pigs (-8 to-29% vs -630 to-700%); the
potassium digestibility was clearly (P< .001) lower in IRA- than in PVTC-pigs (26 - 37% vs 60 64%). In conclusion, the PVTC cannulation technique can be proposed as an alternative collection
technique for ileal digesta in pigs. The IRA technique as applied in this study gives less consistent
results. Results obtained with end-to-side IRA-pigs indicate intestinal adaptation as a result of the
absence of digestion in the hind-gut.

Introduction
Digestibility measurements at the terminal ileum of pigs are thought to be more appropriate
than faecal measurement (Zebrowska, 1973). Therefore different techniques have been developed
during the last two decades to collect ileal digesta. The method most commonly used isvia collection
of digesta from asimple T-cannula, usually placed 5to 10cm anterior tothe ileo-caecal valve. There
are several concerns with this approach which include the question of obtaining representative
samples and possible shortcomings of the digestibility markers. In addition, factors, such as the
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internal diameter of thecannula, the fibre content of the diet, dry matter content and viscosity of the
digesta should also be taken into account (Sauer and Ozimek, 1986). Because of these uncertainties
studies with pigs fitted with re-entrant cannulas, either as ileo-ileal re-entrant or ileo-caecal reentrant cannulas, are often preferred depending on the objectives and experimental conditions under
which the studies are to be carried out. However, studies with pigs fitted with re-entrant cannulas
are often hampered by problems that result from blockage of digesta; the extent to which this occurs
increases with increasing particle size, crude fibre content, feed intake and factors that increase the
viscosity of the digesta. A more recent technique for total collection of ileal digesta is the ileo-colic
post-valveprocedure which wasdevelopedbyDarcyetal.(1980).Thismethod maintains the integrity
of the ileum and preserves the functional roleof the ileo-caecal sphincter. The post-valve T-caecum
(PVTC) cannulation technique, described by Van Leeuwen et al.(1988), and the various ileo-rectal
anastomosis (IRA) techniques, (Fuller and Livingstone, 1982;Picard et al.,1984; Darcy-Vrillon and
Laplace, 1985; Souffrant et al., 1985; Green, 1988), represent the most recent approaches for
measurement of ileal digestibilities. These techniques were evaluated in a comparative study to
determine their effects on growth performance, intestinal adaptation, blood parameters and mineral
balance (Kohler et al.,1991 a and b). The objective of the present study was to determine the effect
of the PVTC- and IRA-techniques onileal digestibility at 3,9and 12weeks (wk)post-surgery (p.s.).

Materials and Methods
Animals
16 barrows (Yorkshire X Dutch Landrace), average initial body weight of 30 kg, were used.
Nine pigs were surgically modified according to the IRA-technique as described by Kohler et al.
(1991a).Seven animals were fitted with a PVTC cannula according to procedures adapted from Van
Leeuwen et al.(1991).The housing facilities, collection procedures and adetailed description of the
experimental design were previously provided (Kohler et al. 1991a).
Diet
Following a recuperation period of two weeks the animals were fed twice daily at 08.00 and
20.00, equal amounts of the experimental diet. The total feed intake was 2.4 times the maintenance
requirement of energy (2.4 x 420 kJ ME/kg 0 7 5 ; ARC, 1981). The formulation of the experimental
diet is presented in tables 1. The chemical composition is given in table 2. Chromic oxide was
included in the diet as digestibility marker. Water was administered with the feed at a ratio of 2.5:1.
To prevent a mineral deficiency caused by the absence of hind-gut absorption, the IRA-pigs were
supplied with an electrolyte solution (10ml kg LW"1) as described by Hennig et al.(1986).
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Chemical and statistical analysis
Thedigestasampleswerepooled withinanimaland collection period prior tochemical analyses.
Analyses for dry matter and nitrogen were carried out according to ISO 6496 (1983) and ISO 5983
(1979) methods. Amino acids, with the exception of methionine and cystine, were determined after
acid hydrolysis (6N HC1for 22 h at 100°C) according to Slump (1969).Methionine and cystine were
determined asmethionine sulfone and cysteicacid after oxidation with performic acid (Moore,1963).
The oxidized samples were hydrolysed in the same manner asthesamples that were not oxidized. The
amino acid composition of the hydrolysate was determined using an automatic amino acid analyser
(Biotronic LC 5001).Sodium and potassium weredetermined byatomicabsorption according toNEN
3349 (1984). Chromic oxide was analysed as described by Bosch et al. (1988). Analyses for all
parameters measured were carried out in duplicate. Differences among treatment parameters were
tested according to the GLM procedure using SAS(1990).

TABLE 1. Composition of the experimental diet (%)
Ingredients
Maize
Barley
Wheat
Soybean meal
Molasses
Potato pulp
Beet pulp
Animal fat
L-lysine HCL
DL-Methionine
Premix*
Ca(H 2 P0 4 )*H 2 0
CaC0 3
NaCl
Cr 2 0 3

32.95
6.00
10.50
22.50
4.00
9.20
10.00
1.00
0.18
0.12
1.00
1.50
0.50
0.30
0.25

Contributed the following vitamin and mineral sources per kg of diet: retinol, 9000IU;
cholecalciferol, 1800IU; a-tocopherol, 40mg; menadione, 3mg; ribovlavin, 5mg; cobalamine, 40/jg;
nicotinic acid, 30mg;D-pantothenic acid, 12mg;choline chloride, 150mg;ascorbine acid, 50mg; KJ,
500/xg; CoS0 4 *7H 2 0, 2.5mg; Na 2 Se0 3 , 0.2mg; FeS0 4 *7H 2 0, 400mg; CuS0 4 *5H 2 0, lOOmg; Mn0 2 ,
70mg; ZnS0 4 *H 2 0, 200mg. This mixture also supplied 20mg virginiamycin to the diet.

Chapter III. Kohler et al.

62

TABLE 2. Chemical composition of the experimental diet (g/kg DM)
Crude protein
Gross energy
Sodium
Potassium

199.00
18.04 MJ kg"1 DM
1.60
13.00

Amino acids
indispensable
arginine
histidine
isoleucine
leucine
lysine
methionine
phenylalanine
threonine
valine

11.4
7.1
8.9
16.7
10.9
4.9
9.9
7.9
10.7

dispensable
alanine
aspartic acid
cystine
glutamic acid
glycine
proline
serine
tyrosine

9.8
20.1
4.3
34.2
8.2
14.4
10.7
7.4

Results
The concentration of dry matter and the mean recovery of nitrogen, sodium and potassium (per
kg dry matter intake) in digesta collected from IRA- and PVTC-cannulated pigs (3,9 and 12weeks
p.s.) are presented in table 3.Since digesta collection was not quantitative (per period five days 12h
d"1)both the recoveries and the digestibilities of the nutrients were calculated on the basisof the Crrecovery. This was on average 92.7% and 71.4% in IRA- and PVTC-pigs, respectively. Dry matter
concentration in digesta collected from IRA-pigs was significantly (P< .001) higher than in PVTCpigs from wk 3 to 12 p.s. Within both treatments this parameter was similar for the duration of the
experiment. Three and nine wk p.s. the nitrogen recovery per kg dry matter intake tended to be
higher (P> .05) in IRA- than in PVTC-pigs. However, 12wk p.s.the nitrogen recovery was similar
in both treatments. In all three collection periods, the values observed for sodium recovery were
significantly (P< .001) lower and for potassium considerably (P< .001) higher in digesta of IRA- than
of PVTC-pigs. A significant influence (P< .05 - P< .001) of collection period was observed in the
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IRA-pigs for nitrogen, sodium and potassium, which means that the recoveries of these parameters
decreased as the experiment continued. A period effect was observed for the sodium recovery in
digesta collected from PVTC-pigs and which increased (P< .05) from wk 9 to 12.

Table 3.

Dry matter concentration and the recovery (g/kg dry matter intake)of nitrogen, sodium
and potassium in ileal digesta of pigs fitted with ileo-rectal anastomosis (IRA) or postvalve T-caecum (PVTC) cannulae at 3, 9 and 12weeks post-surgery
3 weeks p.s*

9 weeks p.s.

12weeks p.s.

significance
treatment

IRA

PVTC

IRA

PVTC

IRA

PVTC

SEM*

Dry matter

10.17

8.44

10.67

8.85

10.86

8.79

0.109

Nitrogen

10.68

9.65

10.47

9.55

8.78

9.00

0.448

Sodium

3.62

11.77

3.48

11.64

2.85

12.71

0.321

10.16

5.08

10.03

5.47

8.62

4.89

0.519

Potassium

period
IRA

PVTC

***
***
***

***
**
*

*

post-surgery
b

*= P< .05;**= P< .01; *** = P < .001

c

standard error of the mean

The amino acid composition of ileal digesta collected from IRA- or PVTC-pigs is shown in
table 4.With the exception of arginine, lysine, valine and glutamic acid the proportions of the amino
acids were different (P< .05 - P< .001) between treatments. In IRA-pigs the results observed for
threonine, aspartic acid, cystine, glycine, proline and serine were lower than in PVTC-pigs. Results
calculated for theproportion of histidine,isoleucine,leucine,methionine, phenylalanine,alanine and
tyrosine were higher in digesta of IRA- than in digesta of PVTC-pigs. The percentage of lysine
increased in both treatments during the experiment (P< .001), whereas the percentage of threonine
and serine decreased with time (P< .05- P<.001).Asignificant influence of thecollection period was
found in IRA-pigs also for isoleucine, methionine, alanine and glycine (P< .01) and for leucine and
tyrosine (P< .05) in PVTC-pigs.
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Amino acid composition in ileal digesta of pigs with ileo-rectal anastomosis (IRA) or
post-valve T-caecum (PVTC)cannula at 3,9and 12weekspost-surgery (%of total amino
acids)

3 weeks p.s. a

9 weeks p.s.

IRA

PVTC

IRA

Arginine

4.21

3.96

4.43

Histidine

5.66

5.30

significance

12weeks p.s.

treatment
PVTC

IRA

PVTC

SEMC

4.31

4.33

4.16

0.095

5.36

5.19

5.55

5.03

0.076

4.89

4.26

0.048

7.43

6.76

0.052

Isoleucine

4.59

4.31

4.79

4.37

Leucine

7.41

7.13

7.53

7.04

***
***
***

Lysine

4.38

4.38

4.48

4.76

5.68

5.36

0.124

Methionine

1.65

1.42

1.87

1.29

1.90

1.39

0.038

Phenylalanine

4.55

4.41

4.69

4.36

4.63

4.44

0.033

Threonine

5.56

5.97

5.50

5.92

5.22

5.66

0.045

Valine

6.29

6.33

6.45

6.35

6.28

6.17

0.042

Alanine

6.77

6.32

6.84

6.22

7.33

6.38

0.080

***

11.35

11.67

11.76 11.83

11.11

11.80

0.115

3.30

3.90

3.56

3.17

3.68

0.058

*
***

13.34 13.68

Aspartic acid
Cystine

3.10

13.62

13.41

13.27

13.90

0.133

Glycine

6.05

6.57

6.06

6.42

5.78

6.50

0.057

Proline

5.27

5.20

4.62

6.02

4.52

5.28

0.191

Serine

5.47

5.90

5.33

5.84

5.07

5.66

0.050

Tyrosine

3.87

3.82

3.89

3.59

3.86

3.57

0.033

Glutamic acid

a

post-surgery

b

* = P <.05;** = P <.01; *** =P <.001

c

standard error of the mean

period

IRA

***
***
***

***
*
***
***

PVTC

•

***
**

•
***

***

••

**

•

**
**

The apparent ileal digestibilities of dry matter, nitrogen, amino acids, sodium and potassium
are presented in table 5. Dry matter digestibility was higher (P< .001) in IRA- than in PVTC-pigs.

*
*
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Apparent digestibility of dry matter, nitrogen, sodium and potassium in pigs with ileorectal anastomosis (IRA) or post-valve T-caecum (PVTC) cannula, at 3,9 and 12weeks
post-surgery.
3 weeks p.s.a

9 weeks p.s.

12weeks p.s.

PVTC

IRA

PVTC

IRA PVTC

significance1"
treatment

IRA

SEMC

Dry matter

64.3

60.8

64.1

59.7

69.9

60.8

0.649

Nitrogen

65.7

69.0

66.4

69.3

72.3

71.6

0.721

Arginine

82.2

85.1

82.1

83.2

84.3

84.6

Histidine

74.8

79.0

77.2

80.6

78.7

Isoleucine

75.1

79.2

75.2

78.1

Leucine

78.5

81.6

79.1

Lysine

70.0

73.5

70.9

Methionine

83.5

87.4

Phenylalanine 77.8
Threonine

period

IRA PVTC

***

***
***

0.463

*

*

80.5

0.575

77.2

79.8

0.451

81.2

81.5

82.9

0.493

***
***
**

70.3

66.9

68.2

0.733

82.3

88.1

83.8

87.9

0.425

80.9

78.1

80.5

80.6

81.1

0.413

66.1

67.6

67.9

66.9

72.7

70.0

0.763

Valine

71.6

74.5

72.1

73.6

75.7

75.7

0.560

Alanine

66.6

72.1

67.5

73.1

68.9

72.5

0.637

Aspartic acid

72.8

75.1

73.0

73.9

77.2

75.3

0.548

Cystine

62.9

61.2

66.6

63.2

69.5

64.0

0.842

Glutamic acid

80.9

83.2

82.0

82.2

83.9

82.9

0.401

Glycine

64.3

65.6

65.8

65.2

70.7

66.6

0.745

Proline

82.5

84.5

85.1

81.3

86.8

84.5

0.744

Serine

75.3

76.3

76.9

75.7

80.3

77.7

0.583

Tyrosine

74.7

77.7

75.6

78.3

78.3

79.6

0.501

EAAS

75.5

78.2

76.6

77.5

79.0

78.6

0.459

-8.1 -699.6

8.559

***

*

36.9

1.818

***

*

Sodium
Potassium

-23.0 -640.4
25.7

62.8

-29.1 -632.2
26.6

59.8

64.0

' post-surgery; b *=P< .05;**=P< .01; ***=P< .001,c standard error of the mean

***
**

*
••
*

*

*•
***
**

***
**

**

**
**
*
**
»*
**
**
*
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While in PVTC-pigs this parameter was similar from wk 3to 12, in IRA-pigs it increased (P< .001)
with time. Nitrogen digestibility measured in PVTC-pigs was similar to IRA-pigs. Nevertheless, the
effect of period in IRA-pigs was significant (P< .001).This means that the Nitrogen digestibility in
IRA- waslower than in PVTC-pigs 3and 9weeks p.s.and similar in week 12p.s.Withthe exception
of cystine amino acid digestibilities measured in IRA-pigs were lower than in PVTC-pigs 3 wk p.s.
Amino acid digestibilities measured in IRA-pigs were slightly increased or in the same range at 9
weeks p.s.compared to 3weeks p.s.The digestibility of methionine at wk 9 was lower than at 3wk
p.s.Except for lysine amino acid digestibilities measured in digesta of PVTC-pigs were similar atwk
3 and 9p.s.With the exception of lysine the digestibilities of the indispensable amino acids increased
in IRA-pigs from wk 9 to 12 p.s. Apparent ileal digestibility of lysine measured in IRA-pigs
decreased from wk 9 to 12. Digestibilities of the indispensable amino acids measured in digesta of
PVTC-pigs at wk 12 p.s. were higher than measured in digesta of IRA-pigs with the exception of
threonine. The dispensable amino a,cid digestibilities were higher in IRA- than in PVTC-pigs with
the exception of alanine and tyrosine. In IRA-pigs the effect of collection period on the digestibility
of each amino acid was reflected by an increased (P<.01)digestibility for the total amount of amino
acids from wk 3 to 12p.s.Digestibility of the total amino acids in digesta of PVTC-pigs was similar
in all three periods.

The sodium digestibility in IRA-pigs was slightly negativ. In PVTC-pigs, the ileal digestibility
ranged from -632 to -700%.In IRA-pigs, the sodium digestibility increased towards the end of the
experiment. In PVTC-pigs, the sodium digestibility decreased with time. Potassium digestibility in
IRA-pigs waslower (P<.001) than in PVTC-pigs.While the ileal digestibility of potassium in PVTCpigs was similar during the experimental period, it increased in IRA-pigs with time. The collection
period affected sodium digestibility inPVTC-pigs.InIRA-pigs, sodiumand potassium digestibilities
changed with time.

Discussion
IRA has been recommended asa relatively newtechnique for measurement of ileal protein and
amino acid digestibilities in pigs(Picard etal., 1984;Darcy-Vrillon &Laplace, 1985;Souffrant et al.,
1985; Green, 1987). Nevertherless, a previous paper (Kohler et al., 1991a) reported an increased
bacterial activity in digesta of IRA-pigs. The level of bacterial activity, i.e. the fermentation of
fermentable substrates such ascarbohydrates and the subsequent synthesis of bacterial cell mass,may
affect the composition of digesta and thus digestibility. Darcy-Vrillon and Laplace (1990) compared
the ilealdigestibilitiesof drymatter, nitrogen and aminoacids inpigsprepared with end-to-end ileorectal anastomosis or fitted with ileo-colic post-valve (ICPV) cannulas. Four weeks p.s. except for
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proline,phenylalanine,cystineandmethioninethedigestibilitiesweresignificantly lowerinIRA than
in ICPV-pigs fed a beet pulp diet. Leterme et al. (1990) compared the apparent ileal digestibility of
nitrogen and amino acids in end-to-end IRA-pigs and in pigs fitted with a simple T-cannula. They
reported that except for tryptophan and glycine, the digestibilities were lower in IRA-pigs.
Differences, however, weresignificant onlyfor methionine, tryptophan and proline.Asinthe studies
by Darcy-Vrillon and Laplace (1990), digestibility measurements by Leterme et al. (1990) were
carried out about 4 weeks p.s. Digestibilities obtained in the present study indicate a significant
change in amino acid digestibility throughout the 12 wk experimental period. Apart from cystine
digestibility at 3 weeks p.s., values were lower in IRA- than in PVTC-pigs which is in agreement
with reports in the literature (Darcy-Vrillon and Laplace; 1990, Leterme et al., 1990). Amino acid
concentration (% in dry matter) in digesta of IRA-pigs increased from wk 3 to 12 p.s., which was
associated with an increased dry matter digestibility. Except for methionineand lysine,thesechanges
resulted in an increased amino acid digestibility in IRA-pigs from wk 3to 12p.s.In aprevious study
Kohler et al. (1991a) found a significantly higher concentration of diaminopimelic acid and volatile
fatty acids indigestaof IRA- compared toPVTC-pigs.Theincreased dry matterdigestibility in IRApigs may be due to an increase in processes of fermentation. Figure I presents differences for the
recoveries of nitrogen and amino acids, per kgdry matter intake, in digestaof IRA- and PVTC-pigs.
Recoveries measured in digesta of PVTC-pigs are indicated as0 values.Bars above zeroshow higher
recoveries while bars below zero show lower recoveries in digesta of IRA-pigs than in digesta of
PVTC-pigs.With the exception of cystine, threonine, serine,proline and glycine the recoveries of all
amino acids and nitrogen were higher in IRA- than in PVTC-pigs. This is not in accordance with a
similar amino acid digestibility in IRA- and PVTC-pigs up to the terminal ileum. This may be
explained by increased endogenous protein losses in IRA-pigs. A relatively large disappearance of
cystine, threonine, serine, proline and glycine has been reported in the large intestine by several
authors (e.g. Zebrowska and Buraczewski, 1977; Wilnsche et al., 1979; Tanksley and Knabe, 1984;
Sauer and Ozimek, 1986;Saueretal., 1991).Saueretal.(1991)postulated thatthis large disappearance
of these amino acids in the hind-gut will result from a preferentially bacterial breakdown of nondigested endogenous protein. Taking into account the increased level of fermentation in digesta of
IRA-pigs, this would explain the lower recoveries of these amino acids in digesta of these pigs. An
increased bacterial activity in digesta of IRA-pigs may also explain the fact that in IRA-pigs
methionine digestibility was similar from wk 3 to 12 p.s.since different authors (Sauer et al.,1982;
Knabe et al.,1989) reported a net synthesis of methionine by microorganism in the hind-gut.
Ammonia as the major endproduct of bacterial activity may be excreted with urine; an increased (P<
.001 -P< .05) urinary nitrogen excretion was found in IRA-pigs (Kohler et al.,1991a).

The apparent ileal digestibility of lysinedecreased with time (P< .05)in both treatments.These
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Fig. I.

Differences in nitrogen and amino acid recoveries in digesta of PVTC- and IRApigs*
* = P< 0.05, ** =P< 0.01, *** = P< 0.001

t Recoveries measured in digestaof PVTC-pigs are indicated as0values.Barsabove zeroshow higher
recoveries while bars below zero show lower recoveries in digesta of IRA-pigs than in digesta of
PVTC-pigs.

results are remarkable since lysine isoften the 1 stlimiting amino acid in diets for pigs. A decreased
apparent digestibility of lysine may be related to an increased endogenous lysine secretion.
Nevertheless, in the literature no results were reported about the effect of age on the apparent ileal
amino acid digestibility from 30-90 kg live weight measured in the same diet.
The recoveries of sodium and potassium in digesta of IRA- and PVTC-pigs (Table 3)
demonstrate the importance of the large intestine in mineral absorption. For sodium a negative ileal
digestibility was also reported by other investigators (Drochner, 1984; Den Hartog et al., 1988;
Partridge, 1986). A sodium recovery of about 2.9 - 3.6 g per kg DM intake, which was found in
digesta of IRA- compared to 11.6 - 12.7 g in PVTC-pigs can be explained by intestinal adaptation
in IRA-pigs in order to conserve sodium. These findings are in agreement with the much lower (P<
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absortion of sodium by the kidneys and an increased sodium absorption at the distal colon (rectum)
can be attributed to increased aldosterone activity (Rechkemmer, 1990) this agrees with the higher
(P< .001) weight of the adrenal glands which was found in IRA-pigs (Kohler et al. 1991b).The low
sodium recovery in digesta of IRA-pigs resulted in adigestibility of -8% to -30%whereas in PVTCpigs these values ranged between -650 and -700%, which is in agreement with results reported in
literature previously referred. Thepotassium recovery in thedigestaof IRA pigswashigher (P<.001)
than in digesta of PVTC pigs in all three periods. These results are in agreement with findings
reported by Heitzmann & Drochner (1990). These authors reported an increased potassium and
decreased sodium concentration in ileal digesta when pigswere fed a diet with alowsodium content.
The different recoveries of sodium and potassium in digesta of IRA- and PVTC-pigs resulted in
significantly (P< .001) higher sodium and lower (P< .001) potassium digestibilities in IRA- than in
PVTC-pigs. Sodium and potassium digestibilities measured in PVTC animals were similar to results
reported in literature when pigs were fed different diets (Partridge et al.,1986; Den Hartog et al.,
1988).

Conclusion
The results of the present study indicate an influence of the absence of hind-gut digestion on
digestibility measurements of dry matter, different amino acids,sodium and potassium in IRA-pigs.
Moreover, the intestinal adaptation in IRA-pigs resulted in a change in digestibilities during the
experimental period. Results measured in PVTC-pigs were similar from wk 3 to 12 p.s. It can be
concluded that PVTC-cannulation is a more suitable alternative for measuring digestibility at the
terminal ileum in pigs than the end-to-side IRA as described in this study.
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A comparison of different digesta collection methods to determine the
apparent digestibilities of the nutrients at the terminal ileum in pigs

Abstract
Threedifferent cannulation techniques inpigsweretested with 15crossbred castrates.Four pigs
were fitted with a simple T-cannula, six pigs with a post-valve T-caecum cannula (PVTC cannula)
and five pigswith ileocaecalre-entrant cannulas.Four dietsweretested:aconventional diet,apectinrich diet, acrude fibre-rich diet and asemisynthetic diet. For quantitative collection of ileal digesta
the PVTCcannulation technique was tested for homogeneity of sampling.Cr 2 O s and Ti0 2 were used
as solid phase markers and Co-EDTA as a liquid phase marker. The digestibilities of dry matter,
nitrogen, crude fibre, ADF and NDF were determined. Digestibilities measured with re-entrant
cannula as a quantitative collection method were sometimes significantly higher (P<0.05) than with
the other cannulas. After correction to 100%Cr recovery the differences were reduced to less than
5%. Nitrogen digestibility measured with the re-entrant cannula was lower than with the PVTC
cannula inthe fibre-rich and in the semisynthetic diet. TheCr recovery wasmostly lower than 100%,
except with PVTC cannulas and the semisynthetic diet. The recovery rates of Co were higher than
of Cr. In thesemisynthetic diet recoveries of Coand Cr were similar.The recovery rate of Ti0 2 , with
the semisynthetic diet, was lower than the other two markers. The recovery rates of the markers
depended on fibre contents of diets. With the pectin-rich and fibre-rich diets the Cr and Co
recoveries were lower than with the control diet. In general, digestibility coefficients measured with
the three different cannulation techniques weredifferent. However, when corrections were made for
marker recoveries there were only small differences.
(Key Words: Pigs, Comparison, Cannulation Techniques, Marker.)

Introduction
From a nutritional point of view terminal ileum digestibility is a better measure than faecal
digestibility (Zebrowska ,1973).During thelasttwodecadesmanystudies regarding digesta collection
have been performed to estimate the digestibility of the nutrients immediately before the ileo-caecal
valve. Different methods for digesta collection are used. Most applied methods for quantitative
collection are re-entrant cannulation or ileorectal anastomosis. Other methods involve the use of a
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simple T-cannula for spot-sampling. These different cannulation techniques, however, each require
a different collection method. Therefore results measured in these different ways may not be
comparable.Afew comparisons of the different methods have been performed tocompare the results
of these methods (Zebrowska et al.,1978; Taverner et al.,1983; Schroder et al.,1988). A new
development is the post-valve T-caecum cannula (PVTC cannula) (v. Leeuwen et al.,1988;
v.Leeuwen etal.,unpublished).Acomparison between thePVTCcannulation method, the re-entrant
cannula and the simple T-cannula respectively, may show whether the results are comparable.
Therefore an experiment was designed to 1) compare various cannulation techniques using
different collection techniques as they are described in literature as well as the digestibilities of
different diets, some of which were extremely high in fibre, 2) to study the application of Ti0 2 as
a marker for the solid phase in comparison with Cr 2 O s and with Co-EDTA asa marker for the liquid
phase.

Materials and methods
Animals
Fifteen crossbred barrows of about 55 kg (Yorkshire X Norwegian X Dutch Landrace) were
used. Five pigs were prepared with a re-entrant cannula asdescribed by van Leeuwen et al.(1987).
Four pigs were fitted with a simple T-cannula at the terminal ileum approximately 15cm anterior
to the ileo-caecal valve as described by Just et al. (1985). Six pigs were prepared with a post-valve
T-caecum cannula (PVTC cannula) asdescribed by van Leeuwen et al.(1988,1990 unpublished). The
PVTC-technique uses the site of the ileo-caecal valve which is normally protruded into the caecum.
The caecum is now replaced by a T-cannula. When the cannula is closed the digesta flows directly
from the ileum into the colon. When the cannula is open the valve is protruded into the cannula due
to overpressure in the abdomen. The digesta now flows directly into the cannula. All cannulas were
made of medical tubing of silicon rubber1. The internal and external diameters of the T-cannula and
re-entrant cannula were 19and 24mm,respectively. The PVTCcannulas were made with an internal
diameter of 25 mm and an external diameter of 30 mm. The pigs were individually housed in
adjustable cages in an environmentally controlled metabolism unit with continuous light and an air
temperature in the range of 19 to 21°C. After surgery, the pigs were allowed to recover for three
weeks.

1

Tales, Ommen, The Netherlands
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experimental diets

Diet components,%

Diet
Control
diet

Corn
Barley
Wheat
Soybean meal
Molasses
Potato pulp
Beet pulp
Apple pectin
Oats
Oathusk meal
Alfalfa
Wheat straw meal
Soya isolate
Wheat starch
Corn starch
Arbocel B8001
Soyaoil
Anim. fat
L-lysine
DL-methionine
Vitamin-trace
element mixture2
Mineral mixture 3
CaHP0 4 *2H 2 0
Ca(H 2 P0 4 )*H 2 0
CaC0 3
KHCO3
Cr 2 0 3
Ti0 2

23.6
19.0
30.0
18.4
5.0

Pectin
-rich
diet
25.9
8.0
15.0
18.1
5.0
10.2
10.2
4.0

Fibre
-rich
diet

Semi
synthetic
diet

23.8
12.3
18.1
5.0

15.0
10.0
9.0
3.3
22.3
28.2
28.2
6.0
4.0
4.0
0.13
0.07

0.19
0.04

0.06
0.07

1.00
0.37
1.50

1.00
0.37
1.44

1.00
0.37
1.30

0.97 ,

0.50

0.79

0.05

0.05

0.05

1.00
0.37
2.40
1.00
1.50
0.50
0.50

100% cellulose
2

Contributed thefollowing vitamin sourcesper kgof diet:Retinol,9000IU;cholecalciferol,1800 IU;
a-tocopherol,40 mg; menadione,3 mg; riboflavin^ mg;cobalamine,40 /jg; nicotinic acid,30 mg; Dpantothenic acid,12mg;choline chloride,150mg;ascorbine acid,50 mg;KJ.500 /ig;CoS0 4 *7H 2 0 2.5
mg and Na2SeOs. The remainder was up of ground corn
3

Contributed the following mineral sources per kg of diet: NaCl,3 g; FeSO4*7H2O,0.40 g;
CuSO4*5H2O,0.1 g; MnO2,0.07 g; ZnS0 4 *H 2 0, 0.2 g. This mixture also supplied 20 ppm
virginiamycin to the diet.
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Diets
Four diets were tested. In period 1 a control diet was used whereas in periods 2, 3 and 4 a
pectin-rich diet, a crude fibre-rich diet and a semisynthetic diet, respectively, were tested. The
composition of the experimental diets and the chemical analysis of the diets are given in Table 1 and
2, respectively.

Table 2. Chemical analysis of the experimental diets (g kg"1 DM)

Diet
Control
diet

Pectin

Fibre

Semi

-rich

-rich

synthetic

diet

diet

diet

185

167

Crude fat

30

Crude fibre

35

Ash

64

ADF

50

NDF

136

Crude protein

174

211

25

29

90

60

107

48

62

71

65

85

131

58

167

251

63

Each animal received diets 1, 2 and 3. Animals with the re-entrant cannula and the PVTC
cannula alsoreceived diet 4.Inclusion of Cr 2 O s asa marker for the solid phase wasdifferent between
the diets. In diet 4 the amount of Cr 2 O s was 0.5% whereas the other diets contained only 0.05%
Cr 2 O s .Inaddition, diet4contained 0.5%Ti0 2 asan alternative marker for thesolid phase.As marker
for theliquid phase01gCo-EDTA per pigper daywasadministered with the feed. Allanimals were
fed at 2.4 times maintenance requirement for energy (ARC,1981) divided into two meals fed daily
at 08.00 and 20.00. Water was administered with the feed at a ratio of 2.5:1 (v/v).
Digesta-collection.
The ileal digesta of the pigs with re-entrant cannulas were collected quantitatively on days 1,
3and 5of each collection period 24 h day"1 asdescribed by Van Leeuwen et al.(1987). For the pigs
with T-cannulas, ileal digesta were collected for atotal of 24h per period, from 09.00 to 11.00, 13.00
to 15.00and 17.00to 19.00onday 1 and from 11.00to 13.00, 15.00to 17.00and 19.00to 21.00on day

Cannulation techniques in pigs
2.This procedure wasrepeated on days4and 5,respectively of each collection period.The collection
procedure in pigs with T-cannulas was similar to procedures used by Jorgensen et al.(1984). For the
pigs with PVTC cannula the ilealdigesta were collected quantitatively during 5d for 12hday"1 from
09.00 to 21.00.

Chemical and statistical analysis
Priortochemical analysesdigestasamples peranimaland perdiet werepooled, freeze dried and
ground through a 1-mm mesh screen. Analyses of dry matter and nitrogen were done according to
ISO 6496 (1983) and ISO 5983 (1979). Crude fibre was analysed as described by NEN 54*17(1985).
ADF and NDF were analysed according to Goering and van Soest (1975), chromic oxide and Co as
described by Bosch et al. (1988) and Ti0 2 content was measured as described by Brandt and Allam
(1987). Differences among treatment parameters were tested according to Tukey using SAS(1985).

Results
Digestibility coefficients
The digestibility coefficients of dry matter, crude fibre, ADF and NDF of the different diets
and for each method are presented in table 3.With thecontrol,pectin-rich and crude fibre-rich diets,
the digestibilities for dry matter measured with re-entrant cannula were higher (P< 0.05) than when
using the other two methods. Moreover in the crude-fibre-rich diet the digestibilities of crude fibre,
ADF and NDF as well as of ADF in the semisynthetic diet determined with the re- entrant cannula
were also significantly higher (P< 0.05) than measured with the PVTC cannula or the T-cannula
(Table 3).There waswide variation inthe fibre-rich dietespecially measured with theT-cannula and
the re-entrant cannula.With thehighamount of fibre components,lowerdigestibility of the nutrients
was found. Apart from nitrogen the differences between the digestibilities measured with the PVTC
cannula and re-entrant techniques increased. A relatively high digestibility of the fibre components
was found with all methods using diets 1, 2 and 3.

Recovery rates of the markers
The recovery of the markers were calculated and expressed per 24 h. Table 4 presents the
recovery of the markers for the three experimental groups and for each diet.
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Table 3.

The apparent ileal digestibilities of dry matter, nitrogen, crude fibre. ADF and NDF for
each diet and each collection technique (data for T-cannula and PVTC cannula are
calculated to 100%Cr recovery)
Collection

PVTC cannula

technique

T-cannula

Re-entrant

Control diet
DM
Nitrogen
Crude fibre
ADF
NDF

73.41
79.57
8.36
18.18
30.51

±0.32 a
±0.43
±2.35
±1.74
±1.37

73.00
78.79
10.11
19.45
31.77

±0.54 a
±0.45
±1.97
±1.29
±1.20

78.26
80.02
16.55
24.35
35.53

±0.95 b
±1.02
±3.10
±3.20
±2.96

Pectin-rich diet
DM
Nitrogen
Crude fibre
ADF
NDF

57.99
69.62
-1.06
6.88
21.26

±0.32 a
±1.19
±2.00
±1.55
±1.19

56.55
70.52
-1.60
6.43
19.70

±1.98 a
±1.84
±4.58
±3.78
±3.68

66.72
73.11
10.47
16.10
28.48

±2.48 b
±3.15
±8.71
±6.12
±4.86

Crude fibre-rich diet
DM
Nitrogen
Crude fibre
ADF
NDF

57.43
71.63
5.27
5.41
11.93

±0.84 a
±1.07
±1.20 a
±1.03 a
±1.20 a

54.40
66.09
4.33
5.15
11.15

±1.64 a
±3.25
+4.92 a
±4.79 a
±4.43 a

66.65
72.86
19.01
20.03
24.11

±1.98 b
±2.31
±4.43 b
±4.02 b
±3.98 b

Semisynthetic diet
DM
Nitrogen
Crude fibre
ADF
NDF

86.76
92.35
-1.88
2.03
1.25

±0.31
±0.30
±2.49
±2.01 a
±1.34

87.55
92.23
4.74
10.04
9.50

±0.18
±0.17
±1.82
±1.32 b
±0.72

ab Means (± SE) in the same row with different superscripts differ (P < .05)

Cr recovery
With the exception of animals fitted with PVTC cannula and fed the semisynthetic diet, the
Cr recovery waslower than 100%for all treatments. Acomparison of the recovery rates between the
dietary treatments showed lower values with the pectin-rich and the fibre-rich diets than with the
control diet. The differences between the cannulation methods were not significant (P >0.05). The
re-entrant method showed a lower recovery than the PVTC cannulation technique with the
semisynthetic diet (P <0.01). Table 4 shows that the recovery rate of Cr depends on the diet. Diets
high in crude-fibre show a low recovery rate of Cr.
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Recovery of the markers
Marker

Diet

Control diet

Pectin-rich diet

Fibre-rich diet

Semisynthetic diet

Cannula type
PVTC cannula

T-cannula

Re-entrant

Cr

90.8 ±4.38

90.5 ± 7.32

93.6 ±4.37

Co

103.5 ±2.74

103.4 ± 4.42

103.5 ±1.75

Cr

71.9 ±4.17

72.3 ± 9.97

89.2 ±8.85

Co

84.5 ±4.24

86.4 ±13.95

102.2 ±7.73

Cr

71.6 ±5.96

63.5 ± 8.82

82.3 ±4.88

Co

76.8 ±5.08

71.3 ±10.90

86.5 ±4.61

Cr

106.4 ±2.80 a

90.6 ±1.76 b

Co

a

88.0 ±1.22 b

91.2 ±2.11 a

80.2 ±1.97 b

Ti0 2

103.0 ±1.86

Means (± SE) in the same row with different superscripts differ (P < 0.01)

Co recovery
There was a tendency for the Co recovery to be higher than the Cr recovery with the control,
pectin-rich and fibre-rich diets.WithPVTCcannulasand fed the pectin-rich diet thisdifference was
significant (P <0.05). Data from Co and Cr recoveries indicate a similar dependence on the amount
of fibre. With the semisynthetic diet Co recovery was about the same level as Cr recovery. With the
re-entrant cannula the Co and Cr recoveries were lower than with PVTC (P <0.01).
TiOjrecovery
The recovery rateof Ti0 2 , determined for the semisynthetic diet only, waslessthan 100%.This
was lower than the recovery rates for the other two markers. The Ti0 2 recovery with the re-entrant
method, however, was lower compared with the PVTC cannula (P <0.01).
The Influence of the Markers on the Digestibility measurement
The main assumption in thecannulation methods isthat there-entrant cannula isa quantitative
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method. The use of a marker will be unnecessary. In the present study the digestibilities measured
with the re-entrant cannula were alsocalculated to 100%Cr recovery. The corrected results for each
diet and each method are given in Table 5. In this way the differences between the methods were
reduced to less than 3%. The digestibilities for nitrogen and NDF calculated with the re-entrant and
with the PVTC cannulation technique differed significantly (P< 0.05) in the fibre-rich diet.
Differences in nitrogen digestibility (P< 0.05) were found in the semisynthetic diet between the reentrant and the PVTC cannulas.
Cr and Co recoveries found with the PVTC in the pectin-rich diet were different (P <0.05).
Recoveries of Ti0 2 on one hand and Cr and Co-EDTA on the other hand differed significantly (P<
.05)between PVTC cannula and re-entrant cannula in thesemisynthetic diet.The digestibility of dry
matter (calculated to 100%recovery) showed a difference in relation to the markers used (Table 6).
The results suggest that, when Co-EDTA was used, the digestibility would be higher than when
calculated with Cr. With the semisynthetic diet the recoveries of Cr and Codid not differ. Moreover,
even when the digestibility data were calculated to 100%Ti0 2 recovery, they were lower (P <0.05)
than with Cror with Co-EDTA. With theT-cannula the largest variation in recovery data was found.

Discussion
The method of re-entrant cannulation hasbeen considered tobeareliable quantitative method,
because thedigestamustalwaysfollow theartificial connection between thecannulas.Thismeansthat
100% marker recovery is assumed. Schroder et al.(1988) reported 97% Cr recovery at the terminal
ileum when they used 2 g Cr 2 0 3 kg"1 diet. Drochner et al.(1984) found 99.7% recovery of Cr when
the amount of the marker was 3g kg"1diet. On this basis digestibilities found with this method have
notbeencorrected to 100%marker recovery.Incontrast tothis,the present resultswith the re-entrant
cannula and Cr 2 O s added to the diet showed recoveries that were always considerably below 100%.
Itisremarkable that lowrecoveries were found for allfour diets,ranging from the semisynthetic diet
to the fibre-rich diet. The difference may be partly due to the relatively small proportion of Cr 2 O s
as well as to difficulties in obtaining representative samples with regard to this marker. During the
adaptation period as well asduring the collection period of the pectin-rich diet and the crude fibrerich diet a few animals did not eat the whole ration. The low feed consumption may be caused by a
temporary blockage of the fistulas, because we observed more leakage in pigs fed these diets. The
differences between the marker recoveries for the solid and the liquid phases showed that there was

82

Cannulation techniques in pigs
Table 5.

83

matter, nitrogen, crude fibre A D F and N D F for
The apparent ileal digestibilities of dry
each diet and for each type of cannula (calculated to 100% CR-recovery)
Collection

technique

PVTC cannula

T-cannula

Re-entrant

Control diet
DM
Nitrogen
Crude fibre
ADF
NDF

73.4 ± .32
79.6 ± .43
8.4 ±2.34
18.2 ±1.74
30.5 ±1.37

73.0 ± .54
78.8 ± .46
10.1 ±1.97
19.5 ±1.29
31.8 ±1.20

73.3 ± .57
78.6 ± .82
10.6 ±1.96
19.1 ±1.09
31.1 ±1.34

Pectin-rich diet
DM
Nitrogen
Crude fibre
ADF
NDF

58.0 ± .55
69.6 ±1.19
-1.0 ±2.00
6.9 ±1.55
21.3 ±1.19

56.6 ±1.99
70.5 ±1.56
-1.6 ±4.58
6.4 ±3.78
19.7 ±3.68

57.5 ±1.72
69.9 ±1.84
-0.6 ±4.33
5.2 ±4.87
19.2 ±3.71

Crude fibre-rich diet
DM
Nitrogen
Crude fibre
ADF
NDF

57.1 ± .98
71.6 ±1.07"
5.3 ±1.20
5.4 ±1.03
11.9 ±1.20*

54.4 ±1.64
66.1 ±3.25
4.3 ±4.92
5.2 ±4.79
11.2 ±4.43

55.0 ± .03
67.1 ±1.15 b
1.4 ±2.42
2.7 ±2.20
7.7 ±1.17 b

Semisynthetic diet
DM
Nitrogen
Crude fibre
ADF
NDF

86.8
92.4
-4.5
2.0
1.3

± .37
± .30 a
±1.71
±2.01
±1.34

86.2 ± .31
91.4 ± .28 b
-5.2 ±1.76
0.6 ±2.04
0.0 ±1.38

ab Means (± SE) in the same row with different superscripts differ (P < 0.05)

a separation between the solid and liquid phases. This indicated that the ratios of these two phases
were altered. This may also explain the relatively high digestibility coefficients sometimes found for
NDF and ADF.
For Crand Cotheeffect of the diets wasconsiderable. With thepectin-rich and fibre-rich diets
the Cr and Co recoveries were markedly lower than with the control diet. The Cr recovery was lower
than the recovery rate of Co.This was not found with the semisynthetic diet. This may indicate that
fibre components have an influence to the marker recoveries. For the diet rich in pectin the
difference between the marker recoveries and the PVTC cannulation technique was significant (P<
0.05). This suggested that the PVTC cannulation technique cannot always be used as a quantitative
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method tocollect digesta at the terminal ileum and that it isnecessary touseamarker. Moreover, the
digestibility of crude fibre in the pectin-rich and the semisynthetic diets asmeasured with the PVTC
cannula were nearly zero. However, in thecontrol diet the digestibility of crude fibre was about 8%.
This variation between diets is less than that observed when the simple T-cannula is used. This
suggested that the rate of marker recovery obtained with the PVTC cannula varies less than with the
T-cannula. This may be explained by the fact that with the PVTC cannula the digesta will be pressed
into the cannula with the normal ileal overpressure. It is possible that a blockage may occurs when
the animal is lying on the cannula, which causes a counter-pressure in the cannula.
With the T-cannula we found somewhat lower Cr recovery than with the re-entrant cannula.
Thedataalsoshowthat the variation intheresults measured with theT-cannula waslarger than when
using the other methods.Likewise Co recovery wasalways higher than Cr recovery.This observation
and the high variation within treatments point to a reduced homogeneity of the samples with the Tcannula. Schroder et al.(1988)suggested that this iscaused by achange in pressure at the base of the
cannula when it isopened, which results inseparation of thecoarseand fine particles.This separation
may occur especially with diets rich in fibre components and would partly explain the large
digestibility coefficients of NDF and ADF. These authors compared the simple T-cannula with the
re-entrant cannula and they reported higher digestibility coefficients for dry matter, nitrogen and
amino acids with the simple T-cannula. This may due toaseparation in solid and liquid phase which
in turn may reduce or increase marker concentration in samples.Similar to the results of Schroder et
al. (1988) Just et al.(1985) and Oslage et al.(1987) found negative digestibility coefficients for fibre
components. In contrast tothis,our results sometimes showed high digestibilities for NDFand ADF.
This indicates that the fibre components and Cr 2 O s in the digesta may be separated.
From the present investigation the following conclusions can be drawn. With re-entrant
cannulas a higher digestibility was found than with PVTC cannulas and T-cannulas. However, in all
three methods marker recoveries were lower than 100%.When the digestibilities were corrected to
100%recovery there were onlysmall differences between the methods.Astriking point wasthat with
re-entrant cannulas themarker recovery wasbelow 100%,especially when fibre-rich diets were used.
The results for the digestibilities determined with the T-cannula are comparable to results obtained
with the PVTC cannula and to corrected results determined with re-entrant cannula. On the other
hand the T-cannula measurements showed a greater within-treatment variation. This means the
possibility of miscalculating the digestibility will be increased with the T-cannula when only a few
animals are used.
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Theapparent ilealdigestibility of dry matter calculated to 100%Cr, CO-EDTA and Ti0 2
recovery

Diet and type
of cannula

Marker

Cr

Co

Control diet
PVTC cannula
Re-entrant
T-cannula

73.41 ±0.32 a
73.33 ±0.57
73.00 ±0.54 a

76.73 ±0.64 b
75.86 ±1.23
76.51 ±0.62 b

Pectin-rich diet
PVTC cannula
Re-entrant
T-cannula

57.99 ±0.54a
57.50 ±1.72a
56.55 ±1.98

64.35 ±0.33b
63.12 ±0.64b
63.27 ±2.70

Crude fibre-rich diet
PVTC cannula
Re-entrant
T-cannula

57.06 ±0.98a
55.04 ±0.03a
54.40 ±1.64

60.25 ±0.78b
57.27 ±0.68b
58.96 ±4.23

Semisynthetic diet
PVTC cannula
Re-entrant

86.76 ±0.31a
86.23 ±0.37a

86.35 ±0.24a
85.88 ±0.19a

ab

84.89 ±0.13b
84.46 ±0.17b

Means (± SE) in the same row with different superscripts differ (P <0.05)

Our resultsalsosuggested that withare-entrant cannula itisnecessary toemployamarker(e.g.,
Cr 2 O s ) to get a representative sample. This was especially important for diets with extremely high
amount of fibre.
Although there were some clear differences in the digestibility coefficients measured with the
PVTC cannula and with the re-entrant cannula, it can be concluded that the results measured with
the PVTC technique were comparable with data measured with the re-entrant or the simple Tcannula. Weobserved that the PVTC cannulation maycause less discomfort to the animals. Moreover
the surgery is much easier to perform compared with the re-entrant technique. In the cannula
techniques, the results show less variation with PVTC cannula compared to the simple T-cannula.
Therefore on this basis, and in view of the simplicity of handling, the PVTC cannula is a good
alternative tothe other methods.Further studies have tobecarried out tocompare this new technique
under the same collection conditions to get answers about the results for marker recoveries aswellas
about the influence of the cannulas on the digesta passage rate.
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A note on the effect of a saccharose/corn starch supplementation on
the apparent ileal amino acid digestibility in pigs
Abstract
The ileo-rectal anastomosis technique in pigscausesadecreased availability of energy and also
an increased maintenance requirement for energy. To compensate for that, a supplementation of the
experimental diet with a saccharose/starch mixture has been proposed by different authors.
Supplementation with a saccharose/starch mixture may affect the ileal digestibility of various
nutrients. To study this 10 barrows (initial body weight 98 kg) fitted with post-valve T-cdecum
cannulas (PVTC) were used to investigate the influence of asaccharose/corn starch supplementation
on the apparent ileal digestibility of dry matter, nitrogen and amino acids in a wheat based diet (83.4
% wheat, 4.5 % soybean meal, 4.5% soya flour, 4.5 % herring meal). Five animals were fed the
experimental diet and 5animals received in addition a saccharose/corn starch supplementation. The
supplementation wasadded atalevelof lOOgper kgdry matter intake with theexperimental diet.The
apparent ileal digestibility of dry matter, nitrogen and amino acids was not influenced by the
saccharose/starch supplementation (P> .05).However, digestibilities of nitrogen and proline tended
to be lower in pigs that received the supplementation.

Zusammenfassung
Ileorektostomie bei Schweinen verringert die Umsetzbarkeit der Energie und erhoht den
Energieerhaltungsbedarf. Zum Ausgleich wird oftmals eineSupplementierung der Ration durch eine
zusatzliche Gabe anSaccharose und Starke empfohlen. Esistnicht auszuschlieBen, dafl eine derartige
Erganzung einen EinfluB auf die Verdaulichkeitsbestimmung haben konnte. In einem Versuch mit
10 Borgen (Anfangsgewicht 98 kg LM), die mit Post-Valve T-Caecum (PVTC) Kaniilen versehen
waren, wurde der EinfluB einer solchen Supplementierung auf die scheinbare praecaecale
Verdaulichkeit der Trockenmasse, des Stickstoffs und der Aminosauren untersucht. Als
Versuchsfutter kam eine Weizenration (83.4 % Weizen,4.5 % Sojaschrot, 4.5 %Sojamehl, 4.5 %
Heringsmehl)zum Einsatz.5Tiereerhielten zusatzlich prokgaufgenommene Futtertrockenmasse 100
g einer Mischung aus Saccharose und Maisstarke. Die scheinbare praecaecale Verdaulichkeit der
Trockensubstanz, des Stickstoffs und der Aminosauren wurde nicht beeinfluBt (P> 0.05). Bei den
Schweinen mit Saccharose/Maisstarke-Supplementierung waren die Verdaulichkeitswerte fur
Stickstoff und Proline etwas geringer als in der Kontrolgruppe.
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Introduction
Themeasurement of aminoacid digestibility atthe terminal ileum hasbeenaccepted tobemore
related to the absorption of amino acids than the corresponding faecal measurement (Zebrowska,
1973). Ileal digestibility measurements require the collection of ileal digesta and thus a technique
without or only minor effects on the physiological status of the animals. The ileo-rectal anastomosis
(IRA) technique has been proposed as an alternative to the re-entrant- or simple T-cannulation of
the ileum (Fuller &Livingstone, 1982;Picard et al., 1984;Souffrant et al., 1985;Laplace et al., 1985;
Hennigetal., 1986;Green etal., 1987).Thistechnique, which consists of abypassof thecolon, allows
to collect ileal digesta directly via the anus. However, omitting the hindgut digestion resulted in an
absence of the specific digestion and absorption of nutrients from this intestinal segment. This is
especially related to the absorption of some minerals and also of volatile fatty acids. The latter are
known to be an energy source in pigs. As a consequence Herrmann et al. (1989) reported that the
energy metabolizability in 12different diets composed of various feedstuffs (barley, fish meal, gras
meal, lupin, raw and steamed potatoes, raw and steamed sugar beets, sucrose and apple pectin) was
about 15% lower in anastomized pigs than in intact pigs. In addition to this observation, they found
that the maintenance requirement for energy is about 12%higher in IRA than in intact pigs. These
workers suggested that this may bedue tosome changes in the thermoregulation in IRA-pigs. It may
also be suggested that this extra requirement ispartly associated with stress.Such achange in energy
requirements is in agreement with a reduction in growth performance of IRA-pigs asdescribed also
by Hennig et al. (1986), Bengala Freire et al. (1988) and Kohler et al. (1991).

TABLE 1.
Wheat
Soybean meal
Soya flour
Herring meal
Premix
CaCO s
NaCl
KHC0 3
NaHCO s
Cr 2 O s
Supplement
Saccharose
Corn starch

COMPOSITION OF THEEXPERIMENTAL DIET (%)
83.4
4.5
4.5
4.5
1.00
1.2
0.25
0.20
0.20
0.25
50.00
50.00

Contributed the following vitamin and mineral sources per kg of diet: retinol, 9000 IU;
cholecalciferol, 1800IU;a-tocopherol, 40mg;menadione, 3mg;riboflavin, 5mg;cobalamine,40/Jg;
nicotinic acid, 30 mg; D-pantothenic acid, 12mg; choline chloride, 150 mg; ascorbine acid, 50 mg;
KJ, 500 /jg; CoS0 4 * 7H 2 0, 2.5 mg; Na 2 Se0 3 , 0.2 mg; FeS0 4 * 7 H 2 0, 400mg; CuS0 4 * 5 H 2 0, 100
mg;Mn0 2 , 70mg;ZnS0 4 *H 2 0, 200mg.This mixture alsosupplied 20mg virginiamycin to the diet.
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To compensate for the extra energy requirement in IRA-pigs different authors supply the diet
of these animals with a saccharose/starch mixture (ratio of 1:1). It was proposed to add 10%of this
mixture on the basis of the daily dry matter intake given with the experimental diet (Hennig et al.,
1986; Wiinsche et al., 1987;Wiinsche et al., 1988,Herrmann et al., 1988).The diet supplemented in
this wayrepresents achange in diet and therefore achange inthe secretion of digestiveenzymes may
be possible. Such a change may influence the apparent ileal digestibility of amino acids. Therefore
an experiment was carried out to investigate the effect of a saccharose/corn-starch supplementation
(100 gper kg dry matter intake) on the apparent ileal digestibility of dry matter, nitrogen and amino
acids in a wheat based diet.

TABLE 2.

Nitrogen and amino acid concentration in the experimental diet (% i. DM)

Nitrogen
Amino acids
Indispensable
Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

3.32
1.09
0.70
0.82
1.40
0.89
0.41
0.94
0.68
1.08

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Serine
Tyrosine

1.03
1.48
0.41
4.57
0.87
1.37
0.97
0.61

Materials and Methods
10male castrates (Yorkshire X Dutch Landrace) fitted with a post-valve T-caecum cannula as
described by Van Leeuwen et al. (1991) were used. The average initial body weight was 98 kg. The
animals were housed individually in stainless steel metabolic crates in atemperature-controlled barn
(19°C).
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The formulation of theexperimental diet has been given inTable 1.Thechemical composition
is presented in Table 2. Chromic oxide was included in the diet as digestibility marker. The animals
of the control group I(n=5) were fed at 2.4 times the energy required for maintenance (2.4 x420 kJ
ME/kg 0 7 5 ; ARC, 1981)while theanimalsofgroup IIalsoreceived asaccharose/corn-starch mixture.
The amount of this supplementation was 10 % of the daily dry matter intake, given with the
experimental diet. Pigs were fed equal amounts of the feed twice daily at 8.00 and 20.00h.Water was
administered with the feed at a ratio of 2.5:1. After an adaptation period of 10 days to the
experimental diet ileal digesta were collected quantitatively over 24 hours at days 11, 13, 15and 17.
Collection started one hour after the morning meal.

TABLE 3.

Apparent ileal digestibility of dry matter, nitrogen and amino acids in pigs fed a
wheat based diet with or without saccharose/corn starch supplementation
(calculated to 100% Cr-recovery)

Treatments

Control

Supplementation

SEM

Dry matter
Nitrogen

75.0
77.5

74.8
75.5

1.04
1.74

Amino acids
Indispensable
Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

85.5
79.4
81.0
82.5
73.3
83.6
83.7
68.6
78.3

86.3
79.9
81.1
82.5
73.0
82.3
83.9
69.1
78.6

0.94
0.98
1.65
1.54
2.98
1.23
1.26
2.65
1.77

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Serine
Tyrosine

78.2
69.8
70.2
89.7
71.4
85.4
77.8
82.9

78.5
70.4
71.1
89.1
69.9
83.1
77.3
83.5

2.06
2.21
1.49
1.01
2.62
1.29
1.98
1.55

Standard error of the mean

Effect of energy supplementation ondigestibility
The digestawere pooled within animalsand sampled prior tochemical analyses.Drymatter and
nitrogen wereanalyzed immediately accordingtoISO6469(1983)andISO5983(1979).Chromic oxide
and amino acids were analyzed in freeze-dried material.Chromic oxide wasdetermined as described
by Bosch et at. (1988). Apart from methionine and cystine, the amino acids were determined after
hydrolysis (6N HC1for 22 h at 100°C) as described by Slump (1969). Methionine and cystine were
determined as methionine sulphone and cysteic acid after oxidation with performic acid (Moore,
1963). The oxidized samples were hydrolysed in the same manner as the samples that were not
oxidized. The amino acid composition of the hydrolysate wasdetermined using an automatic amino
acid analyzer (Biotronic LC 5001). Analyses for all parameters were carried out in duplicate.
Differences among treatment parameters were tested according to the GLM procedure using SAS
(1990).

Results and Discussion
The results of the apparent ileal digestibility of dry matter, nitrogen and amino acids of the
presented experiment are given in table 3. All digestibilities were calculated to 100% Cr-recovery.
Between treatments no significant (P> 0.05) differences were observed. With the exception of dry
matter, threonine, alanine, aspartic acid, cystine, glycine, proline and serine digestibilities observed
were inagreement with the results, that have been reported byHerrmann et al.(1988).These workers
determined the apparent ileal digestibility in pigs fitted with an end-to-side ileo-rectal anastomosis
fed a diet that was nearly similar with the diet fed in the present experiment (87.9%wheat, 6%soya
bean meal and 4%fish meal).
Our results showed some differences between treatments for the digestibilities of nitrogen and
proline (digestibility in diets with supplement were 2and 2.3 percentage units lower). Buraczewska
(1981)showed that theabsorption of mostaminoacidswasdepressed whensolutionscontaining casein
hydrolysatesand different sugarswereperfused inisolatedsegmentsof thesmallintestine.In addition
it is known that the different kinds of dietary starch have a different effect on the apparent ileal
digestibility of aminoacids(Darcy etal., 1981,Darcy-Vrillon&Laplace, 1984).Rerat (1991)reported
that non fibre carbohydrates may have an effect on the amount of endogenous nitrogen secretion. As
a result there may be a variation in the true and apparent digestibility of crude protein and amino
acids. In addition this author reported some indications that the transport of amino acids by the
enterocytes may be inhibited by non fibre carbohydrates. Results of the present experiment sowed
thattheeffect of thesupplementation onthesecretion of additionaldigestive enzymesapparently was
only minor. It did not affect the apparent ileal digestibility of dry matter, nitrogen and amino acids.
The average daily gain of the pigs that received the supplementation was 577g/d and about 14.5%
higher than for the control group (504g/d). With consideration to the presented results a
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supplementation of a saccharose/corn-starch mixture to the experimental diet may be a method
suitable to compensate for the decreased growth in anastomized pigs.
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General discussion
Introduction
Present understanding of digestive and metabolic processes hasbeen mainly derived from data
obtained from animal experiments. For most criteria concerning digestive processes the human is
ranging closer tothe dog or the pig than to other species (Giesecke, 1990).Therefore a large number
of studiesondigestive processes have beencarried out in pigsbecause theresultsobtained canbeused
to improve both pig and human nutrition. In pigs similar to the humans asa monogastric species the
gastro-intestinal (GIT) tract consists of two parts. In the proximal part, that is composed of the
mouth, the oesophagus, the stomach and the small intestine, the enzymatical digestion and most of
the absorption of the dietary nutrients takes place. In the small intestine the digestive processes
require the secretion of digestive enzymes that are produced by the salivary glands, the gastric
mucosa, the bile,the pancreasand the mucosaof the smallintestine.Thedistal part of the GIT,which
is characterized by fermentative digestion and absorption of some minerals, especially sodium and
magnesium, volatile fatty acidsand water, consists of thecaecum, the colonand the rectum.In human
and animal nutrition more knowledge of the intestinal processes at different sites of the GIT is
necessary with respect to the following points:
—• in human nutrition, a better understanding of dietary aspects is required with regard to
metabolic diseases (disease of the liver, the kidneys etc.); or diseases of the GIT itself
including the removal of intestinal segments (e.i. cancer of the bowel, ileostomy).
—» improvement of animal nutrition to reduce environmental pollution caused by animal
excretions (manure) and to ensure animal production as economical as possible.
—»an increased interest into pharmacokinetics
Such studies require, at least to a certain extent, the surgical manipulation of animals.

Lawful foundations of animal experiments
In the Netherlands and in Germany the performance of animal experiments isdirected by the
'Wetopdedierproeven' (1977)and the'Bundestierschutzgesetz' (1986),respectively.Inboth countries
the statutory regulations are similar. Animal experiments require official permission. According to
'§7'of the'Bundestiersch utzgesetz'and 'Artikel 1'of the 'Wetopdedierproeven' animal experiments
are permitted:
I. to prevent, to recognize and to treat diseases in human and in animals,
II. to recognize physiological functions in humans and in animals,
III. for toxicological and pharmacological experiments
IV. for basic research in general.
Additionally, the number of animals must be restricted to a minimum (§ 9 Abs.2.2,
Bundestierschutzgesetz) and it is not permitted to inflict pain, suffering or damage to the animal in
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order to save time, money or work (§9 Abs. 2.3,Bundestierschutzgesetz). With consideration to the
experimental aims and to Artikel 4 of the resolution to the 'Wet op de dierproeven' (1985) the
physiological and ethological requirements of the animals should be taken into account. This means
that the study of the physiological processes of digestion should be determined in animals that are in
a normal physiological status and are subjected to a minimal level of stress as a result of
environmental or experimental conditions. As mentioned in this thesis, the PVTC-cannulation has
been developed to avoid the effect of cannulation on intestinal processes up to the terminal ileum by
collecting digesta post-valvular and by preventing the dissection of the intestine. The PVTCcannulation is a relatively new technique and it was necessary to evaluate this method with respect
to itsinfluence on several physiological and digestive parameters.Therefore, the PVTC-cannulation
has been used in each experiment as a reference technique for comparisons with other different
techniques.

The physiological status in pigs provided with different techniques to
collect ileal digesta.
Since the collection of digesta requires the manipulation of the GIT there is a fundamental
interest not to change the physiological status of the animals, so that the results measured can be
transferred tointact animals.In Chapter Iand IIof this thesissomephysiological parameters in PVTC
cannulated pigsandinIRA-pigswerecompared with corresponding valuesobtained inintact animals.
Livingstone and McWilliam (1985) reported a growth depression in T-cannulated pigs of about 7 %
compared to intact pigs when gain was expressed in g per day. Jorgensen et al. (1985a) reported a
growth rate in T-cannulated pigs that was similar to that in intact pigs. In PVTC-cannulated and in
anastomized animals a depression in growth performance indicated a different effect of these
techniques on the physiological status of the animals. Areduction of the average daily gain per kg 0 7 6
of about 53%in IRA pigscompared to intact animals indicated aconsiderably greater influence than
the reduction of about 7%that was reported in PVTC pigs.The reduced growth in PVTC cannulated
pigs, that was calculated over the whole experimental period, can be explained as a result of loss of
digesta during the three digesta collection periods, because the digesta collected did not contribute
to the hind gut digestion. Based on the assumption that the faecal digestibility of energy is about 10
percentage units higher than the ileal digestibility, the PVTC-pigs would have had 13%less energy
absorption during the collection periods. Since digesta was collected totally over 8 % of the
experimental period the losses of energy due to the digesta collection would only be 1%of the total
energy intake. This does not explain the reported growth reduction of 7%. However, using our
feeding strategy (dietary energy intake wascalculated on the basisof kg0-75),asmallreduction in rate
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of gain will result in less feed for the rest of the experiment. This means that our data observed in
PVTC pigs are in agreement with data reported by Livingstone & McWilliam (1985). The reduced
growth found in IRA pigs indicated that this technique may cause astrong disturbance of the energy
metabolism. This has been demonstrated previously by Herrmann et al.(1989).Moreover, additional
physiological investigations on the blood composition, the nitrogen, sodium and potassium balances
and the weight of some selected organs asdescribed in Chapter Iand II, clearly indicate a number of
significant differences between animals fitted with an end-to-side IRA and intact animals. In
accordance with the differences in growth performance, the results of the nitrogen balances in IRA
pigs werequite different compared toPVTCand INTanimals.Although thediet of the IRA pigswas
supplemented with an extra electrolyte solution, similar tothat described by Hennig et al.(1986)',the
absence of hind gut digestion resulted in reduced sodium and potassium balances. The reduced
retention of sodium and potassium in IRA pigs corresponded with some changes in the blood levels.
Patience et al. (1987) reported that a reduction in dietary electrolyte balance decreased the pH and
bicarbonate concentration in the serum of pigs.Inaccordance with these authors the blood values for
the base excess, the pH and the active bicarbonate in IRA-pigs were lower than in PVTC- or INTpigs. As a consequence of the disturbed hydro-electrolyte status of the IRA-pigs and the increased
reabsorption of sodium and potassium by the kidneys, theweights of the adrenal glands(P<0.05) and
the kidneys (P> 0.05) were higher than in PVTC- or INT-pigs. Differences in the weight of the liver
(P> 0.05) may be a result of the change in nitrogen metabolism. Differences that were found for the
girth of the rectum maybeattributed toan increased fermentation and/or tochanges in theflow rate
of digesta.

To prevent negative effects of the ileo-rectal anastomosis technique on growth performance
and mineral balances,supplementation of theexperimental diet withextra mineralsand easilysoluble
carbohydrates such as saccharose and starch has been proposed by different authors (Hennig et al.
1986, Wiinsche et al. 1987, Herrmann et al., 1988, Wiinsche et al., 1988). However, each
supplementation has to be considered as a modification of the diet. As mentioned in Chapter V the
inclusion of different sugars in the diet may have an influence on amino acid digestibility
(Buraczewska, 1981).According to Darcy et al.(1981) and Darcy-Vrillon &Laplace (1984) an effect
of a starch supplementation can be expected depending on the type of starch used. It has been
reviewed recently by Rerat (1991) that non fibre carbohydrates may have an effect on the amount
of endogenous nitrogen secretion.Asaresult theremaybeadifference between the trueand apparent
ileal digestibilities of crude protein and amino acids. According to Rerat (1991), there may also be
an inhibition of the transport of amino acids by the enterocytes. In pigs supplementation and
deficiency of minerals have a negative effect on the apparent ileal digestibility of crude protein,
aminoacidsand crude fat (J0rgensen etal. 1985b).This isthought tobeassociated with somechanges
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of the osmolarity and thus in the homeostase across the gut wall. However, an additional supply of
electrolytes isnecessary to prevent a deficiency of certain minerals, which has been reported in IRA
pigs,and inhumans that wereprovided with an ileostomy (Clarkeet al., 1967,Hennig, 1988).Hennig
(1988) reported significantly higher apparent ileal digestibilities of isoleucine, leucine, cysteine,
phenylalanine, tyrosine, threonine, tryptophan, valine, alanine, aspartic acid, glycine, proline and
serine inIRA-pigs (30-40kgLW)when theyreceived anextraelectrolytesupplementation containing
1.94gsodium per day. With respect tothe results of Jorgensen et al.(1985b)this improvement of the
apparent ileal digestibility can be considered as a result of a mineral deficiency in IRA-pigs which
receive no mineral supplementation. Results presented in Chapter II showed that a sodium
supplementation asprovided in our experiment (0.66gsodium *d"1*20kg LW"1) was not sufficient
to maintain a positive sodium balance. To prevent a negative effect of a sodium deficiency on the
sodium balance and on digestibility of some particular nutrients, different authors have proposed a
higher sodium supplementation (Laplace et al., 1989,Darcy-Vrillon &Laplace, 1990,Letermeet al.,
1990). However, until now noreports on the effect of such supplementations on sodium balances are
available.
With respect to the physiological status of the pigs it can be concluded that the end-to-side
ileo-rectal anastomosis used in the present experiments has a considerable influence on various
metabolic parameters. The supplementation of the diet with an electrolyte solution as proposed by
Hennig et al. (1986) is not sufficient to maintain the sodium and potassium balances on the level
required for optimum performance and maintenance of good health. Although no significant
differences were found in theapparent ilealdigestibility of nitrogen and aminoacids (Chapter V) the
supplementation of the diet of IRA pigswith non fibre carbohydrates should beconsidered carefully
with respect to the measurement of intestinal parameters.The most significant advantage of the ileorectal anastomosis is saving of time and labour during the collection period. However, because of
considerable alterations of the the physiological status of the animals and because of ethical
considerations, (it is extremely difficult to avoid the pigs suffering discomfort from the frequent
outpouring of digesta from the anus), the IRA-technique should be questioned to be used in
digestibility studies.

Data from PVTC pigs suggested only some slight effects on the physiological status of the
animal. There was only one remarkable change concerning the urea level in blood, i.e. the urea level
in the blood of PVTC pigs at week 13post-surgery wassignificantly higher (P< 0.001) than in intact
animals (8.36 versus 6.37 mmol/1). According to Gargallo and Zimmermann (1981) cecectomy does
not affect the plasma urea level. It can be speculated if the increase in blood urea concentration of
PVTC-pigs is a result of the digesta collection which has been completed two days before blood
samples were taken. With respect to the disruption of the digesta flow and the disturbed bacterial
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activity in the hind gut throughout this period an increased ammonia absorption from the large
intestine ispossible.Inaddition, digesta collection ascarried out during these investigations mayalso
be responsible for some slight effects on sodium balances that were recorded in PVTC pigs. This
means that the absence of the hindgut absorption of sodium during the collection periods might be
responsible for the lower renal excretion of sodium. A modification of the collection procedure,
including the provision of recovery days between consecutive collection times may be helpful to
stabilize the sodium status of the animals. An additional supply of NaCl after each collection should
be considered in order to compensate for the absence of sodium absorption from the hindgut during
the collection. Most of the data presented in Chapter I and II suggest that PVTC-cannulation
maintains amorestable physiological status when compared tothe IRA-technique. However, further
investigations are necessary to obtain more information about the effect of the digesta collection per
se on the sodium status and urea metabolism.

Digestibility measurement in pigs fitted with different techniques.
The enzymatical digestion, and the majority of absorption of dietary nutrients occur in the
proximal part of the GIT up to the terminal ileum. The bacterial degradation of the remaining
nutrients, including the synthesis of bacterial cell mass will follow in the hind gut. Therefore faeces
composition provides no direct measure about the absorption of the major nutrients in the small
intestine.Toexclude the effect of the bacterial activity inthe hind gut, the ileal rather than the faecal
analysis method should be used to measure digestibilities. Since each collection technique involves a
specific manipulation of the GIT, digestibility measurement may differ depending on the technique
used.For this reason twoexperiments werecarried out tocompare the effect of the end-to-side IRA,
the PVTC-, the re-entrant- and the simple T-cannulation on the digestibility of different nutrients
(Chapters III and IV). Data in Chapter III show that the digestibilities of dry matter, arginine,
histidine, isoleucine, leucine, methionine, phenylalanine, alanine, cysteine, tyrosine, sodium and
potassium measured in pigs that were fitted with PVTC cannulas or end-to-side IRA were
significantly different at week 3, 9 and 12 post-surgery, respectively. In addition the digestibility
coefficients were similar in PVTC-pigs from week 3to week 12post-surgery, except for lysine and
sodium, which were slightly decreased. In IRA-pigs however, digestibilities of dry matter, most of
the amino acids (except histidine, lysine, methionine, alanine and proline), sodium and potassium
increased with time. The decreased digestibility of lysine that was found in both treatments is in
accordance with the resultsreported byPietruschka (1987)in pigsfitted withanend-to-side IRA and
fed awheat-based diet.In contrary to the results given inChapter IIIhealsofound slightly decreased
digestibilities of aspartic acid, threonine, serine, glutamic acid, alanine and nitrogen. Differences
between IRA and PVTC can be explained in general asaconsequence of some adaptative changes of
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the intestinal processes in IRA-pigs. Notably nitrogen and amino acid digestibilities were associated
with the increased bacterial activity that was found in the digesta of IRA-pigs (Chapter I). This
progressive modification of thefunction of theterminal ileumhasalsobeen reported by Fuller(1991)
when he compared IRA-pigs with T-cannulated pigs. The results reported by this author showed
histological changes as well as an increased bacterial activity in the ileum of IRA-pigs at week 26
post-surgery. In our experiment the dynamics of this adaptation was also reflected in a change of
digesta composition and thus in digestibilities. The decreased nitrogen recovery in digesta of IRApigs, that was particullary observed between week 9 and week 12 post-surgery resulted in an
increased apparent digestibility of nitrogen and amino acids.The nitrogen retention and/or nitrogen
excretion with urine at week 11 post-surgery did not increase when compared with data that were
measured atweek 5post-surgery.However,thepresent datagiveevidence thatnitrogen wasabsorbed
increasingly. With regard to the microbial activity this might occur asammonia, amines and amides.
Differences between IRA and PVTC-pigs were also found for the digestibilities of sodium and
potassium. These values must be considered in close relation to their urinary excretion, which was
hardlyreduced inIRA-pigs.Partridge (1978)reported ahighsecretion of sodiumanterior tothe midjejunum and dependant on the type of diet, a sodium absorption up to the terminal ileum that was
considerably efficient. Apart from one diet that consisted of maize starch, sucrose and casein,
differences insecretion and absorption resulted inanet secretion of sodium anterior to thedistal part
of the smallintestine.Net secretion and thusanegative apparent digestibility of sodium hasalsobeen
reported by Drochner (1984), den Hartog et al. (1988) and Partridge (1986). However, sodium
absorption in the large intestine is related to a positive sodium balance at the end of the GIT. Since
in IRA-pigs there isno absorption of sodium from the large intestine, parameters measured in IRApigs indicated astrong metabolic adaptation to conserve sodium partly in exchange for potassium as
described in Chapter II and III. While results found in PVTC-pigs gave no indication concerning a
possibleeffect ofcannulation ondigestibility, parametersmeasured inIRA-pigs indicated thatdigesta
composition isaffected by this technique. As a consequence data reported in the literature obtained
from pigsfitted withandend-to-side IRA should beinterpreted carefully. Thisconcerns in particular
theapparent digestibilities of lysineand methionine for which anetsynthesis inthe hind guthasbeen
reported by different authores (Sauer et al., 1982; Bergner, 1984; Knabe et al., 1989), but also the
digestibilitites of threonine, glycine and proline which are known to be degradaded by microorganisms to a greater extent than other amino acids.

In addition to the studies described in Chapter IIIthe main interest of Chapter IVwas focused
on the specific problems that occur when different cannulation techniques are used for measuring
ileal digestibilities. Therefore digestibility measurements in PVTC cannulated pigs were compared
with those in pigs fitted with ileo-caecal re-entrant or simple T-cannulas. Since problems described
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for cannulation techniques are associated notably with the fibre content of the diet, digestibilities of
four diets that differed in their fibre contents as well as in the source of fibre were determined.
Another objective that was taken into account was the use of different digesta collection procedures
as described in the literature. With respect to the problems concerning cannulation techniques
(blockages, leakages, separation) different markers (Cr 2 O s , Co-EDTA and Ti0 2 ) were added to the
diet. The most important criteria of any digesta collection is to obtain representative samples.
Different authors reported a circadian variation of digesta composition (Livingstone et al., 1980;
Graham and Aman, 1986). Therefore an adequate collection of digesta is needed to obtain a
representative samples.
It has been agreed for a long time that digestibility measurements using non quantitative
methods require the addition of an inert, non absorbable substance for time-correcting the faecal
excretion of a material under study (Edin et al., 1944;Kreula, 1947;Schiirch et al., 1950;Carroll et
al., 1952). For the digestibility measurement at the distal ileum or any other site of the GIT the use
of a marker is also needed, in particular when simple T-cannulas and also PVTC cannulas are being
used. In re-entrant cannulated pigs the use of a marker isalso necessary in the caseof spot-sampling
or investigations on the passage rate of digesta (Horszczaruk, 1971 a,b; Holmes, 1974;Zebrowska et
al., 1978;Sauer etal., 1981;Taverner etal., 1983).Such amarker ischromium (Cr) which can beused
as chromium oxide (Cr2Os) or as chromium-neutral detergenz fibre (Cr-NDF) to mark the solid
phase, or as chromiumr-ethylenediamine tetraacetic acid (Cr-EDTA) to mark the liquid phase. In
each case chromium can also be used as 51Cr to simplify the analysis (Bergner and Klenke, 1985;
Krawielitski et al.,1987).Other markers for the solid phase are Ti0 2 , Fe 2 O s or 103 Ru-phenanthrolin.
Inaddition,cobalt-ethylenediamine tetraacetic (Co-EDTA)and polyethylenglycol (PEG)canbeused
asalternative markers for the liquid phase.To ensure the accuracy of calculating the digesta passage
different requirements for a marker have to be met as formulated by Kotb and Luckey (1972). A
positive correlation between chromium and dry matter concentration in both duodenal and ileal
digesta has been reported by different authors (Moore, 1957; Partridge, 1985; Graham and Aman,
1986;). This means that Cr 2 0 3 will generally follow the flow of dietary matter through the GIT.
Faichney (1980) introduced the double-marker method totake into account the separation of dietary
components within the GIT. Hesuggested the useof two markers, one for the solid phaseand one for
the liquid phase. Using this technique Latymer et al. (1985) reported that the liquid phase of the
digesta tended to move faster than the solid phase through the small intestine, except when pectin
(50g/kg diet) or guar gum (60g/kg diet) were added to the diet. However, both phases arrived more
or less at the same in faeces. Using the double-marker method differences in the passage-rates for
both phases through thesmall intestine creates differences in thedigestibility coefficients when these
are calculated on basis of the recovery-rates of the two different markers (Jongbloed et al., 1991;
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Chapter IV of this thesis). Jongbloed et al. (1991) reported ileal digestibility coefficients of dry
matter, totalPand phyticacid for amaize/soybean mealdietand thesewere markedly lower(P<0.05)
when calculated to 100%cobalt-recovery and compared with results that were calculated on 100%
chromium-recovery. On the other hand digestibilities were very similar when calculated for both
markers in a tapioca/maize gluten diet. In contrast to this our results presented in Chapter IVof this
thesis showed dry matter digestibilities that were mostly higher when calculated for cobalt-recovery
and compared to the results based on chromium-recovery. Since only a few comparisons of the
different markers are available, no clear explanation can be given if these differences are affected
by the type of marker, the collection procedure or even by the diet per se.
In our study described in Chapter IV, different cannulation techniques were used in
combination with different collection procedures. This means that digesta in PVTC-pigs were
collected on 5 consecutive days, 12 h per day. In the re-entrant pigs digesta were collected on 3
alternate days 24 h per day, as described by van Leeuwen et al. (1987). Digesta collection in Tcannulated pigswas carried out on 4days,for three periods of 2h per day asdescribed by Jorgensen
etal.(1984)Asproposed in theliterature, digestibilities in T-cannulated pigswere calculated for 100
%marker-recovery whereas digesta collection in re-entrant pigs was expected to be quantitative. In
PVTC-pigs digestibility markers were also used to study the homogeneity of sampling. In this way
differences between re-entrant cannulation, and PVTC- and T-cannulation became obvious. As
described in Chapter IV we used four different diets (a control diet, a pectin-rich diet, a fibre-rich
diet and a semisynthetic diet). In re-entrant cannulated pigs the recovery rates of chromium were
about 7-18 percentage units below 100%for allfour diets.Inaddition, apart from the semi-synthetic
diet, the recovery-rate of cobalt was higher than that of chromium. This can be explained by
blockages of fibrous components anterior to the proximal cannula. The liquid phase including CoEDTA passed theblockagesalong thegut wall,which mayalsoexplain whymoreliquid leakageswere
observed with diets containing ahigher fibre content. This difference in marker-recoveries wasalso
observed for the control and the semi-synthetic diet, but toasmaller extent. Digestibilities in the reentrant pigswerehigher than inPVTCorT-cannulated pigsthat werecalculated to 100%chromiumrecovery. When digestibilities in re-entrant cannulated pigs were also corrected to 100% chromiumrecovery, all digestibilities apart from nitrogen and NDF in the fibre-rich diet were similar.

In PVTC- and T-cannulated pigs digestibilities were similar when calculated to 100%
chromium-recovery. Nevertheless, marker recoveries indicated differences between the recoveries
of thesolidand theliquid phase.Thesedifferences between marker-recoveries within treatments was
greater for the T-cannula than for the PVTC-cannula.As mentioned in Chapter IV, in T-cannulated
pigs digesta was collected totally for a 24 h per period, whereas in PVTC and re-entrant pigs digesta
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were collected for 60 and 72h, respectively. This means that differences between marker-recoveries
may be a result of both the different digesta collection procedures and/or a separation of digesta
components inT-cannulated pigs.Feedingthefibre-rich dietstherateof marker-recovery decreased
more inT-cannulated pigsthan inPVTC- orre-entrant pigs.This maybedue totemporary blockages
with fibrous material or the more viscous nature of the digesta after feeding the pectin-rich diet.
Moreover, with an increase of fibrous components in the diet aswell asan increased amount of feed
with the live-weight the amount of digesta that had to pass through the cannula was increased. This
means that during the collection of digesta the size of the cannulas (the inner diameter in PVTC and
T-cannulas was 25 and 19 mm respectively) may have restricted the passage capacity through the
cannula because digesta movement isperformed in portionscaused bythe myo-electriccomplex. For
the semisynthetic diet, the increased digestibility of dry matter and thusdecreased amount of digesta
resulted inrecovery ratesof bothchromium andcobaltthatweremuchhigher thanfor theother three
diets. Differences in marker-recoveries between PVTC- and re-entrant cannulated pigs and for the
semisynthetic diet may be due to the different sizes of the cannulas. It is also be possible that in reentrant pigs the greater disturbance of the myo-electric complex and the loss of the intestinal
overpressure after opening of the cannula resulted in a small blockage anterior to the ileal cannula.
On the basisof the results reported in Chapter IVitcan beconcluded that digestibility measurements
in PVTCcannulated pigsshowsimilar results when compared with re-entrant - orT-cannulated pigs
provided that the results were corrected to 100% marker-recovery.

The accuracy of measurement however is reflected by the variation of the results measured.
Data from Chapter IVshowed thatwithin treatments greatest variation for marker recovery-rates and
digestibility coefficients were observed in T-cannulated pigs. With respect to the marker recoveryrates in T-cannulated pigs, the greatest variation (given as standard deviation) was found with the
pectin-rich and the fibre-rich diets. Differences of variation between treatments can be explained
partly asaresult of different numbers of observations within treatments. Nevertheless, they indicate
that calculation of digestibility in PVTC- and re-entrant cannulated pigs were more accurate than in
T-cannulated pigs.In re-entrant pigs the greatest variation in marker-recoveries was found with the
pectin-rich diet. Since the viscosity of the digesta was increased after feeding the pectin-rich diet,
it might be possible that the infusion of extra saline into the proximal cannula was not sufficient to
improve the digesta flow equally in all five pigs. However, using different digesta collection
procedures the variation within treatments indicated that digesta collection in PVTC and re-entrant
pigs is more homogeneous than in T-cannulated pigs. Using the double-marker method more
information was available to explain differences of digestibilities between different techniques. In
addition, differences between marker-recoveries gave indications astothe collection procedure that
is necessary to obtain more homogeneous samples. Further investigations are still necessary to
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standardize the collection procedure as well as the use of markers to improve the comparability of
results measured at different institutes.
Table 1.

Variation of the apparent ileal digestibility of nitrogen and indispensable amino acids in
wheat
1

2

3

4

5

6

7

85.6

82.9

86.0

84.8

76.2

75.0

79.7

90.0

85.8

87.3

90.4

86.3

86.8

79.7

Histidine

92.0

89.1

86.3

88.0

81.9

82.4

80.2

Isoleucine

85.0

85.3

87.4

88.0

76.9

76.1

81.2

Leucine

85.0

86.9

88.8

85.5

80.7

80.4

83.0

Lysine

78.0

75.7

76.7

84.2

53.2

50.6

63.4

Methionine

83.0

86.6

82.1

89.9

78.2

82.6

83.6

Phenylalanine

92.0

88.8

87.8

92.4

81.1

82.3

84.2

Threonine

78.0

76.5

76.5

77.5

69.8

65.7

65.0

86.0

78.5

74.8

78.1

References
Nitrogen
Amino acids
Argenine

Valine

85.0

82.8

80.1

re- entrant

5 Pietruschka, 1987

2 Sauer et al.,

1977

re- entrant

6 Wilnsche et a

., 1987 end-to-side IRA

3 Sauer et al.,

1981

re- entrant

7 Green et al.,

1987

1 Ivan & Farrell, 1976

4 Lin et al., 1987

end-to-side IRA

end-to-end IRA

T- cannula

Digestacomposition, composition and amount of endogenous aminoacids,digesta passage,the
activity of digestive enzymes and thus digestibility measurement may all be affected by the diet
and/or separate dietary components as it has been reviewed by Low (1982), Austic (1983), Tanksley
and Knabe (1984), and Sauer and Ozimek (1986). Additionally, results measured may be affected by
the use of different procedures between laboratories. The variation between samples of different
batches of feedstuffs on the apparent ileal digestibilities of nitrogen, and of the indispensable amino
acids for wheat and barley as reported by different authors are presented in Tables 1and 2. It is
important to consider the variation within each of these cereal grains. For example, in wheat the
apparent digestibilities of lysine and methionine ranged from 50.6 to 84.2%and from 78.2 to89.9%,
respectively and in barley from 54.2to 79.4%and 72.2to86.9%. The useof these datafor formulating
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diets should beconsidered critically considering the wide variation between the measurements which
can be attributed more to differences between the batches and/or laboratories than to differences
between the techniques used.
Table 2.

Variation of the apparent ileal digestibility of nitrogen and indispensable aminoacids in
barley

References
Nitrogen

1

2

74.9

3

4

5

6

7

8

75.4

67.6

80.0

75.0

71.3

70.2

Amino acids
Argenine

81.5

83.0

79.7

82.7

80.0

85.7

77.3

78.9

Histidine

80.4

83.0

76.4

72.6

77.0

83.1

76.3

77.0

Isoleucine

79.1

78.0

76.9

78.4

78.0

83.2

75.4

71.8

Leucine

81.5

82.0

79.5

76.3

79.5

82.7

78.1

77.7

Lysine

73.3

79.0

69.6

68.7

75.0

79.4

67.1

54.2

Methionine

80.4

76.8

75.1

86.9

83.0

78.3

77.2

Phenylalanine

82.2

83.0

81.4

82.1

82.0

88.7

78.1

80.6

Threonine

71.2

70.0

66.8

59.5

74.0

73.5

63.6

66.5

Valine

78.0

78.0

69.6

75.0

77.0

82.1

75.5

74.3

1 Sauer et al., 1977

re-entrant

5 Moughan and Smith, 1987

T-cannula

2 Just et al., 1980

re-entrant

6 Lin et al., 1987

T-cannula

3 Sauer et al., 1981

re-entrant

7 Green et al., 1987

end-to-endIRA

4 Poppe et al., 1983

re-entrant

8 Wiinsche et al., 1987

end-to-sideIRA

Conclusions
Investigations of digestive processes require the collection of digesta at different sites of the
GIT. This can be carried out using various different collection techniques. Different collection
techniques have been developed to collect digesta at the distal ileum. Using the end-to-side IRA
which bypasses the large intestine results in a strong effect on the growth performance, the nitrogen
balance, the sodium and potassium metabolism, different blood parameters and the digesta
composition. Although an increased intestinal fermentation may be restricted to the end-to-side
anastomosis,problemsconcerning thesodium and potassium metabolism aswellasthediscomfort that
is associated with the outpouring of digesta from the anus can be accepted to be similar using the
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end-to-end method.Therefore, this technique hastobeconsidered asunsuitable for the measurement
of digestibilities. For the collection of ileal digesta the simple T-cannula, the PVTC-cannula and the
ileo-caecal re-entrant cannula showed similar results after correction to 100% marker-recovery.
Nevertheless, with regard totheaccuracy, i.e.thehomogeneity of thesample, there-entrant- and the
PVTC-cannulation should be preferred. In PVTC-cannulated animals the small intestine remains
intact and the function of the ileo-caecal valve can be maintained. As a consequence only minor
changes were observed for the growth performance, the sodium balance and the urea-level in blood.
This may bedue to the feeding strategy and the digesta collection procedure used in this experiment.
Using the re-entrant cannulation, however, the dissection of the intestine and the bridging of the
ileo-caecal valve may have an influence on the digesta flow and thus on intestinal parameters. In reentrant pigs the occurrence of blockages in front of the proximal cannula suggest the use of the
PVTC-cannulation, especially in the case of fibre-rich diets. Moreover, compared to the re-entrant
and the simple T-cannulas, the PVTC-technique requires a more simple surgery without any
disturbance of the small intestine. Results measured in PVTC-pigs indicated an accuracy of
measurement that is sufficient to enable the number of animals to be restricted to a minimum. The
results of this thesis show that the re-entrant cannulation-technique can not be considered
furthermore as a reliable quantitative collection technique.
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General abstract
Investigations in the field of digestive processes are important to improve human and animal
nutrition. During the last decades an increased number of studies on these subjects related on
digestion were carried out in pigs.Since digestive processes which take place in the proximal part of
the gastro-intestinal tract are quite different from those in the distal part, digesta collection at the
terminal ileum becomes more important. However, all techniques that have been developed at
different institutes are associated with some specific handicaps. To improve digesta collection at the
terminal ileum, the post-valve T-caecum cannulation has been developed at the ILOB Institute in
Wageningen. Investigations were necessary to evaluate this new technique in comparison with
different other techniques. Physiological and digestive parameters in pigs were studied by using
different digesta collection techniques and presented in this thesis.
In thefirst chapter investigations werefocused on thegrowth performance and nitrogen balances
in pigsfitted with aPVTC-cannulaorend-to-side ileo-rectalanastomosis (IRA).Dataobserved were
compared with corresponding values determined in intact pigs (INT). It was found that PVTCcannulation resulted in a decreased daily gain of about 7 % when compared with INT. This was
explained with the digesta collection periods that were carried out during the experimental period,
because digesta collected did not contribute to the energy status of the animal. In addition, using our
feeding strategy (dietary energy intake wascalculated on the basis of metabolic live weight), asmall
reduction in rate of gain will result in less feed for the rest of the experiment. A reduction of the
daily gain of about 53%that wasobserved in IRA-pigs indicated astrong influence of this technique
on the energy metabolism which wasinagreement with the literature.Dataobserved for the nitrogenbalances were close to that for the growth performance. This means that N-retention in PVTC-pigs
wassimilar tothat in INT-pigs. Data found for IRA-pigs weredistinctly different, which means that
N-excretion in the digesta and in the urine of these pigs was significantly higher than in PVTC- or
INT-pigs. As a consequence N-retention was considerably lower in IRA-pigs.

In addition to these studies the fermentative processes in the ileal digesta collected with both
techniques were under study. Volatile fatty acids and diaminopimelic acid were determined as
indicative parameters of the bacterial activity. Results found in PVTC-pigs were similar to that
reported in the literature when determined in T- or re-entrant cannulated pigs. Data measured in
digesta from IRA-pigs were considerably higher and more similar to faecal data. This was explained
with an adaptative change of digestive processes in the terminal ileum and/or rectum of IRAanimals.

Generalabstract
Since PVTC-cannulation requires the removal of the caecum and the IRA-technique excludes
the hind gut digestion up to the rectum, this may have an influence especially on the absorption of
someminerals.Changesindigestiveprocessesmayhaveaninfluence onblood-parameters. Therefore,
investigations of blood-parameters such as creatinine, urea, sodium, potassium, chloride, calcium,
magnesium, base excess, pH and active bicarbonate were carried out in PVTC- and IRA-pigs and
werecompared with corresponding valuesobtained in INT-pigs (Chapter II).Inaddition the sodiumand potassium-balances were determined in these animals and compared with a reference group of
INT-animals.Blood-parametersfound inPVTC-pigsweresimilartothatinINT-pigs,exceptfor urea
and potassium at week 13post-surgery. With regard to these differences it was concluded that they
may have been affected by the digesta collection that was completed only two days before bloodsampleswereobtained.InIRA-pigs, however,changesintheblood levelsof creatinine, urea,sodium,
potassium, base-excess, pH and active bicarbonate were found when compared to INT-pigs. These
differences may be explained fundamentally with the absence of the hind gut digestion. This means
that the increased urea level in blood of IRA-pigs atweek 6post-surgery can beaccepted asaa result
of the absence of the microbial utilization of urea in the large intestine. After adaptation to an
increased fermentation in the terminal ileum and/or rectum, ammonia may be absorbed decreasingly
resulting in a blood level that was similar to that in INT-pigs at week 13post-surgery. In IRA-pigs
differences found for the base-excess, the pH and the level of active bicarbonate can be accepted as
aresultof thechanged sodium- andpotassium-balances. Whereasresultsobtained inPVTC-pigs were
mostly similar to that in INT-pigs (apart from the renal sodium excretion, that was lower in PVTCthan in INT-pigs at week 11 post-surgery), balances for both minerals were changed in IRA-pigs.
This means, that the intestinal sodium excretion was much higher in IRA-pigs than with the faeces
in PVTC- or INT-pig. In addition the renal excretion of sodium wasconsiderable lower in IRA-pigs
when compared with theother treatments.The sodium retention in IRA-pigs, however, was negative
at week 11 post-surgery. As a result of the changed sodium metabolism the potassium-balances in
IRA-pigs weredifferent when compared with PVTC- or INT-pigs.Although the renalexcretion was
reduced in IRA-pigs the retention (in % of the intake) tended to be lower than in the other
treatments.Differences in therenalexcretion for these mineralsmightbeassociated with an increased
aldosterone activity in IRA-pigs, because the weights of the adrenal glands were significantly higher
than those from PVTC- or INT-pigs.

In IRA-pigs the intestinal adaptation as well as differences in mineral balances resulted in
different digestibilities of dry matter, some amino acids, sodium and potassium (Chapter III). In
PVTC-pigs digestibilities were similar from week 3 to week 12 post-surgery, except for lysine and
sodium that were slightly decreased. In IRA-pigs, however, apart from histidine, lysine, methionine,
alanine and proline digestibilities increased with time.Similar than in PVTC-pigs the digestibility of
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lysinedecreased with time.InIRA-pigs changes indigestibility withtime were related toan increase
in intestinal fermentation processes. The strong differences between the collection techniques
demonstrate the important role of the large intestine for the absorption of these minerals.
When digestibility measurements in PVTC-pigs were compared with that in T- or re-entrant
cannulated pigs fed different diets, differences were found between the re-entrant cannulation on
one hand and the PVTC- and T-cannulation on the other hand (Chapter IV). Comparison of
digestibilities based onadditionalcalculation to 100%chromium-recovery inre-entrant pigs,showed
that differences were much smaller, butstillsignificant for nitrogen and NDFinafibre-rich diet and
for nitrogen in a semisynthetic diet. Marker-recoveries gave evidence that the digesta,collection
obtained by re-entrant canulation was not quantitatively. The use of the dual-marker-method
indicated that the collection of the liquid phase was more quantitatively than the collection of the
solid phase.This was in agreement with problems such asblockagesand leakages,that were observed
for all cannulation techniques especially after feeding pectin-rich and fibre-rich diets.
Investigations inIRA-pigs showed adaily gain thatwasmuch lower than inPVTC- or INT-pigs.
Since in the literature this has been shown to be a result of the decreased energy metabolizability
combined withanincreased maintenancerequirement forenergy,theexperimentaldietsfor IRA-pigs
are often supplied with extra easily soluble carbohydrates such as saccharose and starch. To prevent
a possible influence of extra carbohydrates on digestibility measurement, IRA-pigs used in our
experiments did not receive such a supplementation. However, when extra carbohydrates were
supplied to a wheat based diet and fed to PVTC-pigs the apparent ileal digestibilities of dry matter,
nitrogen and amino acids were not influenced (Chapter V). Therefore it was concluded that the
supplementation of theexperimentaldietwithasaccharose/starch mixturemaybesuitabletoimprove
the energy-status of the animals.

In conclusion to the results presented in this thesis, the PVTC-cannulation technique can be
accepted asa reliable alternative to different other digesta collection techniques. Moreover, this new
technique maintains the physiological status of the animal and the surgical procedure as well as the
handling of this technique are relatively simple. The end-to-side ileo-rectal anastomosis has to be
considered asa technique which severely affects the physiological status of the animals aswell asthe
intestinal processes to an unacceptable extent. Therefore this technique should not be used
furthermore. The re-entrant cannulation that has been supposed as a quantitative collection method
should be used critically, especially in the case of fibre-rich diets. The results presented suggest the
necessity of the use of a digestibility marker with this technique. Parameters observed with the Tcannulation showed the greatest variation between animals indicating that digesta samples were less
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homogenous than collected with the other techniques. Taking the disadvantages that have been
described for the re-entrant and T-cannulation into account, the PVTC-cannulation should be
preferred when digesta have to be collected at the terminal ileum.
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Onderzoekingen op het gebied van de verteringsprocessen zijn belangrijk omde humane en de
diervoeding teverbeteren. Gedurende delaatstedecennia isveelonderzoek metvarkens opdit terrein
uitgevoerd. Omdat de verteringsprocessen die in het proximate deel van het maagdarmkanaal plaats
vinden duidelijke verschillen vertonen met die in het distale deel, is het interessant om chymus te
verzamelen uit het terminate ileum. Op verschillende instituten iseen aantal technieken ontwikkeld
om ileum chymus te verzamelen. Helaas heeft elke techniek een aantal specifieke nadelen. Om het
verzamelen van chymus uit het terminate ileum te verbeteren isop het ILOB in Wageningen de"Post
Valve T-Caecum" (PVTC) canule ontwikkeld. Onderzoek wasnodig omde waarde van deze techniek
tebepalen in vergelijking tot verschillende andere bestandetechnieken. Dit proefschrift beschrijft de
fysiologische en verterings parameters, gemeten in varkens met behutpvan verschillende technieken
om chymus te verzamelen.

Het eerste hoofdstuk beschrijft de resultaten van proeven waarin de groei en destikstof balans
vanvarkensvoorzienvaneenPVTC-canuleof vaneentermino-laterale ileo-rectaalanastomose(IRA)
werden gemeten. De gevonden waarden werden vergeleken met soortgelijke waarden bepaald in
intakte (INT) dieren. PVTC-canulatie resulteerde in een verlaagde dagelijkse groei van ongeveer 7%
in vergelijking tot INT-dieren. Dit werd verklaard doordat de chymus, verzameld gedurende de
experimentele periode, niet kon bijdragen aan de energievoorziening van het dier. Door de
gehanteerde voerstrategie (energieopname werd gebaseerd op kg 0 7 6 ), resulteert een iets lagere groei
in minder voer voor het resterende deel van de experimentele periode. Een verlaging van de
dagelijkse groei met ongeveer 53%,zoals die gevonden werd in IRA-varkens, wees op een sterke
invloed van deze techniek op het energiemetabolisme. Deze resultaten kwamen overeen met de
literatuur. De N-balans gaf dezelfde resultaten te zien alsde groei. Dit betekent dat de N-balans van
PVTC-varkens vergelijkbaar was met die voor INT-varkens. Voor de IRA-varkens was zowel de
stikstof uitscheiding met de chymus als met de urine significant hoger dan voor PVTC- of
INT-varkens. Dit resulteerde in een aanzienlijk lagere N-balans voor de IRA-varkens.

Aanvullend op deze proeven werden de fermentatie processen in ileum chymus, verzameld
m.b.v. beide methoden onderzocht. Vluchtige vetzuren en diaminopimelinezuur werden bepaald als
maat voor de bacteriele activiteit. De waarden gevonden in PVTC-varkens waren vergelijkbaar met
inde literatuur vermelde waarden bepaald inT- of re-entrant gecanuleerde varkens.Cijfers gemeten
in chymus van IRA-varkens waren aanzienlijk hoger en kwamen meer overeen met waarden zoals
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deze in mest gevonden worden. Dit werd verklaard door een adaptieve verandering van
verteringsprocessen in het terminate ileum en/of in het rectum van IRA-varkens.
Omdat bij de PVTC-canulatie het caecum wordt verwijderd en bij de IRA-techniek de
vertering in caecum en colon wordt uitgesloten, kan dit een invloed hebben op de balans van met
name enige mineralen. Veranderingen in verteringsprocessen kunnen een invloed hebben op
bloedparameters. Daaromwerdeenaantalbloedparameters, zoalscreatinine,ureum,natrium,kalium,
chloor, calcium, magnesium, zuur-base overschot, pH en aktieve bicarbonaat, gemeten in PVTC- en
IRA-varkens en vergeleken met dezelfde parameters gemeten in INT-varkens (Hoofdstuk II).
Daarnaast werd indeze dieren denatrium enkalium balansgemeten envergeleken met een referentie
groep van INT-dieren. Bloedparameters gevonden in PVTC-varkens waren gelijk aan die in
INT-varkens, met uitzondering van ureum en kalium in week 13post-operatief. Met betrekking tot
ureum en kalium werd geconcludeerd dat deze waarden beinvloed konden zijn door het verzamelen
van chymusdat plaatsvond tot slechts 2dagen voor het nemen van de bloedmonsters. In vergelijking
tot INT-varkens echter, werden in IRA-varkens veranderingen in bloedspiegels van creatinine,
ureum, natrium, kalium, zuur-base overschot, pH enaktieve bicarbonaat gevonden. Dezeverschillen
kunnen verklaard worden door deafwezigheid vande vertering in het caecum en colon. Dit betekent
dat de verhoogde ureum concentratie in het bloed van IRA-varkens in week 6 post-operatief een
gevolg kan zijn van de afwezigheid van microbiele benutting van ureum in de dikke darm. Na
adaptatie aan een verhoogde fermentatie in het terminate ileum en/of het rectum, zou de ammoniak
absorptie kunnen afnemen, hetgeen resulteert ineenbloedspiegel die gelijk isaandiein INT-varkens
in week 13post-operatief. De verschillen gevonden in IRA-varkens voor het zuur-base overschot,
de pH en het gehalte aan aktieve bicarbonaat, kunnen veroorzaakt zijn door een verandering in de
natrium- en kaliumbalans. Terwijl de resultaten verkregen met PVTC-varkens in hoge mate
vergelijkbaar waren met INT-varkens (behalve voor de natrium uitscheiding door de nieren, welke
lager was in PVTC-dieren dan in INT-dieren in week 11 post-operatief), weken de balansen van
beide mineralen af in IRA-dieren van die van INT-dieren. Dit betekent dat de natrium uitscheiding
in de darm veel hoger was in IRA-varkens dan de uitscheiding met de mest bij PVTC- of
INT-varkens. Daarnaast was de uitscheiding van natrium via de nieren aanzienlijk lager voor
IRA-varkens dan voor beide andere technieken. De natrium retentie in IRA-varkens was echter
negatief in week 11post-operatief. Vanwege deuitwisseling tegen natrium, verschilde ook de kalium
balans in IRA-varkens van die in PVTC- of INT-varkens. Hoewel de uitscheidingen door de nieren
verlaagd waren in IRA-varkens, was er een tendens tot een lagere retentie (in %van de opname)dan
in de andere behandelingen, hetgeen de samenwerking tussen deze mineralen aangeeft. Verschillen
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in de uitscheiding via de nieren van deze mineralen kunnen geassocieerd zijn met een verhoogde
aldosteron aktiviteit in IRA-varkens. De gewichten van de bijnieren waren significant hoger voor
IRA-varkens dan voor PVTC- of INT-varkens.
In IRA-varkens resulteerde de adaptatie van de dunne darm, evenals de verschillen in
mineralen balansen, in verschillende verteerbaarheden voor droge stof, enkele aminozuren, natrium
en kalium (Hoofdstuk III).In PVTC-varkens waren verteerbaarheden constant gedurende week 3tot
week 12 post-operatief, behalve voor lysine en natrium, welke licht daalden. Voor IRA-varkens
echter,namendeverteerbaarheden toemetdetijd, behalvevoorhistidine,lysine,methionine, alanine
en proline. Evenals in PVTC-varkens daalde de verteerbaarheid van lysine in de tijd. Voor
IRA-varkens moeten de veranderingen in verteerbaarheid gezien worden in relatie tot de toename
van fermentatie in de dunne darm. De belangrijke rol van de dikke darm voor de absorptie van
natrium en kalium blijkt uit de grote verschillen in verteerbaarheden van deze mineralen tussen de
gebruikte technieken.
Bij een vergelijking van verteerbaarheidsmetingen in PVTC-varkens met die in T- of
re-entrant gecanuleerde varkens, werden verschillen gevonden tussen de re-entrant canulatie
enerzijds en PVTC- en T-canulatie anderzijds (Hoofdstuk IV). Wanneer ook in re-entrant varkens
deverteerbaarheden werden berekend opbasis van 100%chroom recovery, waren de verschillen veel
kleiner. De verschillen waren echter nog steeds significant voor N en NDF in het vezelrijk voer en
voor N in het semi-synthetische voer. Resultaten van de recovery van merkstoffen toonden aan dat
de re-entrant canulatie niet kwantitatief was. Het gebruik van twee merkstoffen gaf aan dat het
verzamelen van de vloeibare fase meer kwantitatief was dan het verzamelen van de vaste fase. Dit
kwamovereen met de problemen zoalsverstoppingen enlekkages,die waargenomen werden voor alle
technieken, vooral na het voeren van pectine rijke en vezelrijke rantsoenen.
IRA-varkens toonden eendagelijkse groeidieveellager wasdan voor PVTC- of INT-varkens.
Omdat in de literatuur aangegeven wordt dat dit een resultaat is van een verlaagde energie
metaboliseerbaarheid in combinatie met een verhoogde onderhoudsbehoefte voor energie, worden
proefrantsoenen voor IRA-varkens vaak verstrekt met extra gemakkelijk verteerbare koolhydraten
zoalssaccharose en zetmeel.Omeen mogelijke invloed vanextra koolhydraten opde verteerbaarheid
van het voer te voorkomen, kregen de IRA-varkens die gebruikt werden in onze experimenten deze
toevoeging niet. Wanneer echter extra koolhydraten werden toegevoegd aan een op tarwe gebaseerd
voer dat aan PVTC-varkens werd verstrekt, werden de schijnbare ileale verteerbaarheid van droge
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stof, stikstof en aminozuren niet bei'nvloed (Hoofdstuk V). Daaruit werd geconcludeerd dat een
toevoeging van een saccharose/zetmeel mengsel aan het proefvoeder bruikbaar kon zijn om de
energie-status van de dieren te verbeteren.
Uit de resultaten beschreven in dit proefschrift kan geconcludeerd worden dat de
PVTC-canulatie techniek gebruikt kan worden als een betrouwbaar alternatief voor andere
verzamelmethoden van dunne darm chymus. Bovendien blijft bij deze nieuwe techniek de
fysiologische toestand van de dieren nagenoeg normaal en is de chirurgische ingreep evenals het
hanteren vandetechniek eenvoudig.Determino-laterale ileo-rectaalanastomose moetgezien worden
als een techniek waarbij de fysiologische toestand van de dieren evenals de processen in de darm in
eenniet teaccepteren mate worden aangetast. Daaromzoudeze techniek bij verteringsonderzoek niet
gebruikt moeten worden. De re-entrant canulatie, die gezien werd als een kwantitative
verzamelingsmethode, moet kritisch gebruikt worden, vooral wanneer vezelrijke voeders onderzocht
worden. De hier gepresenteerde resultaten bevelen het gebruik van een indicator ook voor deze
methode aan. De parameters verkregen m.b.v. de T-canule vertoonden de grootste spreiding tussen
dieren. Dit duidt op minder homogene monsters dan verkregen met een van de andere technieken.
Rekening houdend met de nadelen die beschreven werden voor de re-entrant en voor de T-canulatie
techniek, zou de voorkeur gegeven moeten worden aan de PVTC-canulatie wanneer chymus
verzameld moet worden uit het terminale ileum.
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Zusammenfassung
Im Hinblick auf eine verbesserte Ernahrung von Mensch und Tier gewinnen
verdauungsphysiologische Untersuchungen immer mehr an Bedeutung. Wahrend der letzten
Jahrzehnte wurden derartige Studien in zunehmendem MaBeanSchweinen durchgefiihrt. Dasich die
Verdauungsprozesse im proximalen Teil des Verdauungstraktes grundlegend von denen im distalen
Teil unterscheiden, stand die Sammlung von Chymus am terminalen Ileum im Mittelpunkt des
Interesses. Da alle Techniken zur Chymussammlung, die an verschiedenen Instituten entwickelt
wurden, mitunterschiedlichen Nachteilen behaftet sind,wurdealsweitereAlternative die sogenannte
Post-Valve T-Caecum (PVTC) Kanulierung am ILOB Institut in Wageningen entwickelt. Eine
Beurteilung dieser neuen Technik erfolgte durch vergleichende Untersuchungen mit anderen
Techniken und zwar durch einen Vergleich unterschiedlicher verdauungsphysiologischer und
stoffwechselphysiologischer Parameter.DieResultatedieserStudiensindGrundlageder vorliegenden
Dissertation.
Im ersten Kapitel wurde der EinfluB der PVTC-Kanulierung und der termino-lateralen IleoRektal Anastomosis (IRA) auf die Wachstumsleistung und die Stickstoffbilanz von wachsenden
Schweinen untersucht. Die hierbei erhobenen Daten wurden mit denen intakter Tiere (INT)
verglichen. Im Vergleich zu den intakten Tieren wiesen die PVTC Tiere eine um 7% geringere
tagliche Zunahme auf. Da der wahrend der Sammelperioden entnommene Chymus keinen weiteren
Beitrag zur Energieversorgung des Tieres leistet, wurde diese geringere Zuwachsleistung auf die
wahrend desVersuchsdurchgefiihrten Chymussammelperioden zuruckgefiihrt. ImZusammenwirken
mitderindiesemExperiment durchgefiihrten Fiitterungsstrategie(dietaglicheEnergiezufuhr richtete
sich nach dem metabolischem Korpergewicht), resultierte bereits eine geringe anfangliche
Wachstumsdepression wieserum in einer geringeren Futtermengenzulage wahrend der weiteren
Versuchszeit. Die bei den IRA-Schweinen verzeichnete Wachstumsdepression von 53% weist darauf
hin,dafidieseTechnik denEnergiestoffwechselstarkbeeinfluGt.DieseErgebnissestimmenmitdenen
in der Literatur gefundenen Daten uberein. Die Resutate der Stickstoffbilanzen entsprachen denen
der Wachstumsleistung, das heiBt,der N-Ansatz beiden PVTC-Schweinen war vergleichbar mitdem
der INT-Schweinen, wahrend bei den IRA-Schweine aufgrund der signifikant hoheren NAusscheidungen sowohl im Chymus alsauch im Harn der tagliche N-Ansatz entsprechend niedriger
war.

Zusatzliche Untersuchungen betrafen die Fermentationsprozesse im Dunndarmchymus. Als
indirekte Parameter zur Messung der bakteriellen Aktivitat dienten die Gehalte an fliichtigen
Fettsauren und Diaminopimelinsaure. Die Ergebnisse im Chymus der PVTC-Schweine waren
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vergleichbar mit den in der Literatur angegebenen Werten. Demgegniiber waren die im Chymus der
IRA-Tiere gemessenen Konzentrationen

erheblich hoher und entsprachen

annahernd

Vergleichswerten, wie sie in der Literatur fur die Faeces angegeben werden. Dies wurde auf eine
adaptative Veranderung der Verdauungsprozesse in Ileum und/oder Rektum der IRA-Tiere
zuruckgefiihrt.
Wahrend die PVTC-Kanulierung die Entfernung des Caecums erfordert wird bei der IRATechnik diegesamteDickdarmverdauung bishin zumRektum eleminiert. DieAuswirkungen auf die
Natrium- und Kaliumbilanz wurde untersucht und verschiedene Blutkennwerte wurden erfaBt, um
Hinweise auf eventuelle Stoffwechselstorungen zu erhalten. In Kapitel 2 wurden folgende
Blutkennwerte bei Schweinen mit PVTC-Kanulen, IRA und INT-Tieren miteinander verglichen:
Kreatinin, Harnstoff, Natrium, Kalium, Chlorid, Calzium, Magnesium, Basen-UberschuB, pH und
aktives Bicarbonat. Zusatzlich wurden Natrium- und Kalium-Bilanzen durchgefiihrt.
DieBlutkennwertederPVTC-Tiere warenvergleichbar mitdenenderINT-Tiere.Jedochwaren
13 Wochen nach dem operativem Eingriff die Harnstoff- und Kaliumkonzentration im Serum der
PVTC-Tiere zum Teil deutlich erhoht. Diese Unterschiede lassen sich moglicherweise durch die nur
zwei Tage vor der Blutentnahme abgeschlossene Chymussammlung erklaren. Bei den IRA-Tieren
wichen folgende Blutkennwerte von denen der INT-Tieren ab: Kreatinin, Harnstoff, Natrium,
Kalium, Basen-UberschuB, pH und aktives Bicarbonat. Diese Unterschiede konnen in erste Linie
durch das Fehlen der Dickdarmverdauung bei den IRA-Tieren erklart werden. Der 6 Wochen nach
den Operationen gemessene deutlich hohere Harnstoffgehalt imSerum der IRA-Tiere lafit sich durch
die fehlende mikrobielle Nutzung des Ammoniaks im nicht vorhandenen Dickdarm erklaren. 13
WochennachderOperation wiederum warendieHarnstoffkonzentrationen imSerumder IRA-Tieren
mit denen der INT-Tiere jedoch vergleichbar. Dieser Befund laBt sich mit der zunehmenden
mikrobiellen Aktivitat im Chymus der IRA-Tiere und der damit verbundenen verringerten
Ammonium-Absorption erklaren. DieimSerum der IRA-Tiere gemessenen abweichenden Werte fur
den Baseniiberschufi, pH und aktives Bicarbonat miissen als Resultat der veranderten Natrium- und
Kalium-bilanzen angesehen werden.

Wahrend die Resultate der Natrium-bilanzen beiden PVTC-Tiere weitgehend identisch waren
mit denen der INT-Tiere (mit Ausnahme der etwas verringerten renalen Natriumexkretion inder 11.
Wochenach den Operationen) wichen die Resultate der IRA-Tiere von denen der INT-Tiere ab.Die
IRA-Tieren zeigten eineweit hohere Natriumexkretion mitdem Chymus alsdies bei denPVTC- und
INT-Tiere mit dem Kot zu verzeichnen war. Zusatzlich war die renale Natriumexkretion bei den
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IRA-Tieren erheblich vermindert. Diese Veranderungen fiihrten 11Wochen nach der Operation zu
einer negativen Natrium-bilanz. Im Zusammenhang mit dem Natriumstoffwechsel veranderte sich
bei den IRA-Tieren auch die Kalium-bilanz. Obwohl fur die IRA-Tiere eine Verringerung der
Kaliumexkretion mit dem Urin zu verzeichnen war, lagen die Werte der Kaliumretention (in %der
Aufnahme) etwas unter denen der anderen Versuchsgruppen. Die unterschiedliche renale
Mineralstoffexkretion

der IRA-Tiere laBt sich moglicherweise mit einer veranderten

Aldosteronaktivitat erklaren, da die Nebennierengewichte der IRA-Tiere deutlich hoher waren als
die der PVTC- Oder INT-Tiere.
Bei den IRA-Tieren fiihrten die adaptativen Veranderungen im Darmtrakt als auch die
veranderten Mineralstoff-bilanzen zuabweichenden Verdaulichkeiten fur die Trockenmasse, einige
Aminosauren, Natrium und Kalium (Kapitel 3).Bei den PVTC-Tieren wurden von der 3.bis zur 12
Woche nach der Operation gleiche Verdaulichkeiten gemessen.Dies gait jedoch nicht fur Lysin und
Natrium, deren Verdauungskoeffizienten im Zeitverlauf stetig abnahmen. Bei den IRA-Tieren
wiederumstiegendieVerdauungskoeffizienten, mitAusnahmefiirHistidin,Lysin,Methionin, Alanin
und Prolin, im Zeitverlauf an.Wieauch beiden PVTC-Tieren nahmdie Lysinverdaulichkeit bei den
IRA-Tieren imZeitverlauf ab.DieVeranderungen derVerdauungskoeffizienten beiden IRA-Tieren
steht im direkten Zusammenhang mit der zunehmenden Fermentationsintensitat im Darmtrakt. Die
extrem unterschiedlichen Mineralstoffverdaulichkeiten, die fur die IRA Technik im Vergleich zur
PVTC Technik ermittelt wurden, unterstreichen die Bedeutung des Dickdarms im Hinblick auf die
Absorption einzelner Mineralstoffe.

ImKapitel4sinddieErgebnissevergleichenderVerdaulichkeitsbestimmungen in Abhangigkeit
von der Rationszusammensetzung und der verwendeten Fisteltechnik beschrieben (PVTC-, einfache
T- sowie ileo-caecale Briickenkaniilej. Hierbei zeigten sich signifikante Unterschiede in der
praecaecalen Verdaulichkeit einzelner Nahrstoffe, wenn die ileo-caecalen Umleitungstechnik als
quantitative Sammeltechnik verwendet wurde.WurdendieVerdaulichkeiten jedoch ingleicherWeise
wiebeiderPVTC- undT-Kaniilen-Technikauf derBasisderChrom-Wiederfindungsrate berechnet,
so verringerten sich die Differenzen mit Ausnahme fur Stickstoff und NDF in der rohfaser-reichen
Ration sowie fiir Stickstoff in der semisynthetischen Ration. Die Wiederfindungsraten der
Verdaulichkeitsmarker zeigten, daB die Chymussammlung mit der Umleitungstechnik nicht
quantitativ war.

Bei den IRA-Tiere zeigten sich wesentlich geringere tagliche Zunahmen im Vergleich zu den
PVTC- oder den INT-Tiere. In der Literatur wird dies mit einer verminderten Umsetzbarkeit der
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Energie sowie mit einem erhohten Energieerhaltungbedarf erklart. Aus diesem Grunde wird eine
Erganzung der Versuchsration rait leicht loslichen Kohlenhydraten, wie z.B.Saccharose und Starke
empfohlen. Um einen moglichen EinfluB einer solchen Erganzung auf die Verdaulichkeitsmessung
auszuschlieBen wurde in den vorliegenden Versuchen mit IRA-Tieren auf eine solche
Supplementierung verzichtet. Aus den Resultaten in Kapitel 5 geht jedoch hervor, daB die
Supplementierung einer Weizenration mit zusatzlichen Kohlenhydraten keinen EinfluB auf die
scheinbare precaecale Verdaulichkeit der Trockenmasse, desStickstoffs sowie der Aminosauren hat.
Daraus laBt sich ableiten, daB eine Erganzung der Versuchsration mit einer Saccharose/Starke
Mischung eine geeignete MaBnahme zur Verbesserung des Energiestatus der Tiere darstellt.
Auf Grund der in dieser Dissertation dargelegten Resultate kann die PVTC-Kanulierung als
geeignete Alternative zur Sammlung von Chymus am terminalen Ileum angesehen werden. Dariiber
hinaus wird der physiologische Zustand desTieres kaum verandert und dieOperationmethodik sowie
dieHandhabungderTieresindvergleichsweiseeinfach.Dietermino-lateraleIleo-RektalAnastomosis
hateinen erheblichen EinfluB auf den physiologischen Zustand desTieres.Ausdiesem Grund ist eine
weitere Verwendung dieser Methode mit Einschrankungen zuversehen. DieUmleitungstechnik kann
ihrem Anspruch, eine ausschlieBlich quantitative Methode zur Sammlung von Dunndarmchymus zu
sein,nicht uneingeschrankt gerecht werden.DerEinsatzeinesVerdaulichkeitsmarkers empfiehlt sich
insbesondere beim Einsatz rohfaserreicher Rationen. Die mit der einfachen T-Kanulentechnik
gemessenen Verdauungswerte zeigten die groBte Variation zwischen den Tieren, was auf eine
vergleichsweise geringere Homogenitat der Proben hinweist. Unter Beriicksichtigung der genannten
Nachteile der konventionellen T- Kanulentechnik und der Umleitungstechnik empfiehlt sich die
Verwendung derPVTC-Kanulierung zurSammlungvonprecaecalem Dunndarmchymus alssinnvolle
Alternative.
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