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ABSTRACT

Four Géttinger miniature pigs and five domestic pigs (Landrace) of similar body weight fitted
with an ileccaecal re-entrant cannula were given each a cereal-based diets with or without fish meal
{Treatments 1 and 2). The diets contained increasing levels of partially hydrolysed straw meal and
pectin (2:1 w/w). On day 3, 5 and 7 after the last administration of "NH,CI given with the diets
during five days the ileal flow of endogenous nitrogen (N) was mcasured using the atom %'“N
excess in urinary N as indicator for that in endogenous N, The “N-gnrichments in urinary N, in
trichloroacctic acid {TCA)-soluble N of bloed plasma as well as in TCA-soluble and -preciptable N
in the pancreas and small intestine were nearly the same. Furthermore, the contribution of endo-
genous N to total, TCA-preciptable and bactertal N of iical digesta was not affected by the three
collection periods. Urinary N seems to be the easiest accessible and valid indicator for determina-
tion of the endogenous N under these experimental conditions. Neither the fibre supplements nor the

" This work was part of the project Ba 1388/1-1 financially supported by the Deutsche Forschungs-
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N intake affected the daily ileal flow of endogenous N. Contrary to total bacterial N, the ileal flow of
bacterial N of endogenous origin was net affected by the level of protein intake. The contribution of
endogenous N associated with bacteria to total endogencus N ranged between 0.43 to 0.56 {Treat-
ment 1) and 0.40 to 0.533 (Treatment 2). On the other side, the proportion of endogenous N in bacte-
rizl N increased from 0.48 to 0.57 {treatment [} up to 0.56 to 0.79 (Treatment 2), It is concluded shat
endogenous N represents an easily available N source for bacterial protein synthesis at both levels
of N intake.
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INTRODUCTION

The ""N-isotope dilution technique has proved to be a widespread approach
to distinguish between gut endogenous and dietary nitrogen in ileal digesta of
pigs fed protein-containing diets (De Lange et al., 1990; Huisman ct al., 1992;
Makkink et al., 1997; Grala et al., 1998). This method is also used for evaluation
of antinutritional tactors, such as soyabean trypsin inhibitors and lectins (Schulze,
1994} or tannins (Jansman et al., 1995), as well as of neutral detergent fibre (Schulze
et al, 1995) to determine the amount of endogencus N in the ileal digesta. The
techniques applied in these studies involve a continuous intravenous infusion of a
['*N]-lcucine solution for several days and the estimation of the atom-%""N-excess
in total N in ileal digesta and in TCA-soluble N of blood plasma during the last
days of the infusion period. Regarding the assumption that '"N-excess ("N} is
uniformly transferred to other amino acids from transaminated ['*N]-leucine, the
PN-cnrichment in endegenous N secreted into the digestive tract should be indi-
cated by the TCA-soluble N traction of blood plasma. Souftrant et al. (1993), Licn
ct al. (1997a.b) as well as Leterme et al. (1998) showed, however, that the
"N-accumulation in the TCA-soluble N of blood plasma is a poor indicator of the
*N-enrichment of the sccretions into the gastrointestinal tract. Simon ctal. {1987)
and Bartelt et al. (1994) used an alternative ""N-isotope dilution technique using
orally administcred “N-labelled ammonium salts. The atom %N’ in endogenous
N ofileal digesta was assumed to be similar to that in urinary N three days after the
last administration of isotope. However, the accuracy of '*"N-enrichment in wrinary
N as an indicator for the labelling of endogenous N as well has been described to
be dubious by Herrmann et al. (1986) or Schulze {1994). An additional methodical
aspect of the "N-isotope dilution techniguce is the role of bacteria in the small
intestine. Studies by Bergner ct al. (1986) demonstrated a remarkable incorpora-
tion of endogenous "N’ into bacterial protein of the small intestine of pigs follow-
ing a continuous parenteral infusion of “N-labelled urea. Therefore, a proportion
of bacterial nitrogen is a constituent of endogenous nitrogen in ilcal digesta meas-
urcd by the ""N-isotope dilution technique. Consequently, different activities of
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bacteria in the proximal intestine caused by feeding level or diet composition may
affect the amount of endogenous N at the distal ileum. Especially, the role of die-
tary fibre and protein level is not well known at present. The objectives of the
present study were to examine the cffects of different protein levels and increasing
supplements of partially hydrolysed straw meal and pectin, as casily fermentable
fibre sources, on endogenous N associated with bacteria at the distal ileun using a
simple ""N-isotope dilution technique which included oral '"N-labelling with
"NH,Cl and the use of urinary N as indicator pool for endogenous N. Results
presented in this report are the sequel of experiments with miniature pigs carried
out for cstimation of ileal endogenous N-tflow as affected by different fibre and N
intake (Bartelt et al., 1994),

MATERIAL AND METHODS
Animals, diets, feeding

Four male Gdttinger miniature pigs of about 29 kg mean body weight (BW),
7 month — | year old, were used in the first part of the experiment. For comparison
in the second part of the study five domestic pigs (Landrace) were used of similar
body weight (23 kg). Each animal was fitted with an ileocaecal re-entrant cannula
using the postimplantative distension-technique of an enrolled tube-foot as de-
scribed by Drochner ct al. (1997). The animals were under continuous veterinary
health control. After implantation of the cannulas the pigs were housed in meta-
bolic cages and tied with a shoulder belt.

The higher level of proten intake (Treatment 1) was realised by a wheat-maize
based basal dicts with fish meal. Two miniature pigs and two domestic pigs re-
ceived these basal diets during the first and sccond part of experiment, respecttve-
ly. The basal diets which contained only wheat and maize as the sole sources of
protein (Treatment 2} were fed to two miniature pigs and three domestics pigs
during the first and second part of experiment, respectively. In both treatments, the
basal diets were supplemented with graded levels of wheat straw meal and pectin
(2 : 1 w/w). The wheat straw meal was treated with HC! and steam and neutralised
with Ca(OH), according to Bergner and Betzin (1979). 1t was then dried and finely
ground. The cxperimental design is shown in Table 1.

The formulation of the basal dicts, their chemical composition and that of par-
tially hydrolysed straw meal are presented in Table 2. Duc to the fibre supple-
ments, the concentrations of necutral detergent fibre in the diets of Treatments 1
and 2 increased from 103 to 144 g/kg DM and from 135 to 161 g/kg DM, respec-
tively. The corresponding concentrations of acid detergent fibre were 31 to 82 g/kg
DM and 59 to 90 g/kg DM. The same batches of fecd components were not avail-
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TABLE 1

Experimental design

Treatment | Treatment 2

wheat-maize diets wheat-maize diets
with fish meal without fish meal
(156-186 g CP/kg DM) (106-128 g CP/kg DM)

Fibre supplement* 0 373 73.00 1125 0 375 750 1125 150.0
Animal No. | 2 3 4 5 6 7 8 9
Breed** M M L L L L M M L
Part of triat 1 1 2 2 2 2 1 1 2

* partially hydrolysed straw meal and pectin {2:1 w/w} in g/kg basal dicts
#* L = Landracc M = Miniature pig

TABLE 2
Formulation and ¢hemical compesition of the basal diets and hydrolysed straw meal
Basal diet Partially hydrolysed
with {ish meal without fish meal straw meal**
Ingredients, g/kg
wheat 660) 730
maize 220 250
fish meal 100 -
vitamin/mineral mixture* 20 20
Analyses. g/kg DM***
dry matter (g/kg) 881 818 883
crude protein (N x 6.25) 186 119 35
crude fat 33 23 14
ash 52 36 97
crude fibre 19 26 410
neutral detergent fibre 103 135 558
acid detergent fibre 31 59 533

* Phoscana 18 Z, Fa. Karl Wolpers, Hildesheim provided the following: (g/kg of diet) Ca, 4.3; P,
1.6; Na 1.0: Mg, 0.1 {mg/kg of diet) vitamin E, 20; niacin, 10: pantothenic acid, 5: riboflavin, 4.
pyridoxine, 2; thiaming, 1; Zn, 100; Fe, 80; Mn, 60; choline chloride, 40; Cu, 1451, 1 (pg/kg of
dict) vitamin A, 240; vitamin D,, 25: vitamin B, 20; biotin, 40; Se, 200

*#* average chemical composition of two charges for both parts of experiment
*** analysed basal diet with fish meal fed in the first part of the experiment; analysed basal dict
without fish meal fed in the second part of the experiment
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able for the two separate parts of study. Therefore, the contents of nutrients in the
basal diets of both treatments varied to a certain extent. In both trecatments, one
animal was fed one level of partially hydrolysed straw meal and pectin. The diets
were fed in equal portions at 0800 and 2000. The daily feed intake of the basal
diets was 54 g air dried matter /kg”™* BW. Water and diets were mixed immediate-
ly before feeding (4.3 : 1 v/w). Additional water was not offered.

SN-dilution technique

During the first 5 days of the experiment, the animals received daily 150 mg
PN’/kg’” BW, added as ""NH,CI (95 Atom %"“N’, Chemotrade GmbH Leipzig) to
the diets. Hourly urine and ileal digesta collections were performed on d §, 10 and
12 after the first adiministration of the isotope over 24 h and pooled for 4 h-periods
for urine and digesta samples, At the same time unlabelled ileal digesta was In-
fused hourly into the caecum. The unlabelled ileal digesta had been collected from
the same animals in a preliminary period on 6 successive days for 12 h each.
Alterwards, the unlabelled digesta was portioned m 72 cqual portions. The tech-
nique of reinfusion has been described by Drochner et al. (1987). At a defined
time after feeding all animals used in the second part of experiment were slaugh-
tered on d 14 of the experiment. Thereafler, samples of plasma, urine and tissues
of pancreas, duodenum, ileum, liver and muscle were collected to compare the
"N-enrichments. Digesta, urine, blood and tissue samples were frozen and stored
at —20°C until analyses.

Separation of bacterial fraction

The bacitcrial fraction of ileal digesta was scparated by washing fresh digesta
samples with a detergent solution which contained one part sodium dodccyle-sul-
phate solution {34.7 mmol/l) and nine parts formaldchyde sotution (116.6 mmol/l)
four times. After cvery washing procedure the samples were filtered through gauze
(250 um mash size). Thercafter, all filtrates were frozen and stored at —20°C until
centrifugation. After centrifugation of the filtrate (28,000 x g, 30 min, 4°C) the
supcrnatant was removed. The precipitate was suspended in physiological NaCl
solution, centrifuged again and {reeze-dried.

Chemical analysis

The analyses of dry matter (IDM), nitrogen, crude fibre, crude fat, ash, necutral
detergent fibre {NDF) and acid detergent fibre (ADF) in diets, partially hydro-
lysed straw meal, digesta and urine samples were analysed using standard meth-
ods of VDLUFA (Naumann and Bassler, 1976). llcal digesta, tissue and blood
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plasma samples were prepared for the determination of the TCA-soluble and -
precipitable N fractions by precipitation with TCA solution (20%). After centrifu-
gation, the precipitate was washed twice with TCA solution (7%). For the deter-
mination of the atom %'""N’ the remaining solution of NH,Cl following titration
(Kjeldahl-N analysc) was cvaporated, adjusted to a N concentration of 500 pg/ml
and introduced into an emission spectrometer (Isonitromat 5200, Statron, Fiirsten-
walde, Germany). 2,6-diaminopimelic acid (DAPA) was determined in digesta
samples and bacterial fractions by ion exchange chromatography after hydrolysis
in 6M aqueous HCl at 110°C for 24 h. Duc te low amount of isolated raw bacterial
fractions of miniaturc pigs the isolates of cach animal were pooled to provide one
sample for the determination of DAPA and N. These measurements were per-
formed in five pooled isolates of each of the domestic pigs.

Mathematical and statistical methods

The contribution of endoegenous N to total N, TCA-precipitable N and bacterial
N in ilcal digesta was calculated by the ratios of "N-cnrichments in total N, TCA-
precipitable N or bacterial N to those in urinary N at the same time. The bacterial
N in ileal digesta was calculated according to the DAPA/N-ratios measured in the
isolated bacterial fractions and the daily amounts of DAPA at the distal ileum.
Results are given as mean % standard error (SE). The cffeet of fibre supplements
was cvaluated by the onc-way ANOVA-procedure, followed if necessary by the
Tukey’s test for comparisen of means or by the Kruskall Wallis test for compari-
son of medians (inhomogeneous variances). For the comparison of the two breeds
or two levels of protein intake, the Student’s t — test was used. All calculations
were carried out by Statgraphics® Plus 3.1 for Windows™.

RESULTS

All pigs consumed their allotted amount of feed within 0.5 h. They remained
healthy throughout the trial, Intestinal abnormalities as a result of cannulation were
not observed post mortem.

BN-enrichment in different N pools after withdrawal of isotope

In the present study it was found that the atom %'“N’ in urinary N decreascd
from the first (d 8) to the third (d 12) period of collection {Tables 3 and 4), This
decrease in ""N-enrichment excess was paralleled by that in total and bacterial N
of ileal digesta. Consequently, the relative contribution of endogenous N to total
and bactcrial N in ileal digesta did not appear to differ remarkably between the
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three periods of collection. The atom %"N in various body tissues as well as in
blood plasma at slaughter on the day 14 of the experiment are shown in Table 5
together with values for urine collected from the bladder immediately after slaughter.

There were good agreements (or only very small differences) between the urine
values and those for the TCA-soluble N of blood plasma and tissues of the pancre-
as and small intestine of animals fed diets with or without fish meal, respectively.

Different fractions of nitrogen in ileal digesta

The supply of fibre sources, the N intake and the amounts of different N frac-
tions estimated at the distal ileum of pigs are shown in Table 6. The differences in
the amounts of N consumed between miniature and domestic pigs within each
treatment were the result of different batches of feed components used in the two
parts of the trial. In each treatment, the average daily amount of total N and total

TABLE 3
Atom %"N excess in urinary nitrogen as well as in different nitrogen fractions of ileal digesta and
their endogenous proportions in pigs receiving the diets with fish meal (mean + SE, n = 4)

Atom %"N excess Endogenous proportions**

Day* urine N ileal digesta N bacterial N total N bacterial N
8(3) 0.69+0.017* 0.37+0.013* 0.37+0.017* 0.54+0.012 0.53+£0.019
10 (5) 0.48+0.030° 0.24+0.016" 0.23£0.027* 0.51+0.011 0.49+0.027
12(7) 0.37+0.022¢ 0.19+0.008¢ 0.21£0.021* 0.51+0.009 0.56+0.040

# day after the first administration of isotope; in parentheses: day after ending "“N-feeding
#% atom %" N excess in digesta or bacterial N/atom %'"N excess in urinary N
+b¢ values in the same column with different subscripts are different at P<0.05

TABLE 4
Atom %"N excess in urinary nitrogen as well as in different nitrogen fractions of ileal digesta
and their endogenous proportions in pigs receiving the diets without fish meal
(mean + SE. n=15)

Atom %" N excess Endogenous proportions**
Day* urine N ileal digesta N bacterial N total N bacterial N
8(3) 0.88+0.079* 0.57+0.037 0.62+0.044° 0.66+0.047 0.72+0.058
10 (5) 0.57+0.056" 0.36+0.031° 0.38+0.024" 0.64+0.045 0.68+0.030
12/¢ 0.46+0.048" 0.28+0.031" 0.31+0.031* 0.63+0.055 0.70+0.058

* day after the first administration of isotope; in parentheses: day after ending N feeding
** atom %'*N excess in digesta or bacterial N/atom %"N excess in urinary N
*P values in the same column with different subscripts are different at P<0.05
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TABLE 5
Atom-%""N excess in various tissucs, blood plasma and urine at the end ot experiment on day 14
(individual values or mean + SE)

Diets with fish meal (n=2) Diets without {ish meal {n = 3}
TCA- TCA- TCA- TCA-
soluble N precipitable N soluble N precipitable N

(Animai 3} (Animal 4) {Animal 3} (Animal 4)

Stomach 0.28 0.36 0.28 .27 0.30£0.044  0.27+0.037*
Duodenum 0.27 0.36 0.27 (.29 0.30+0.047 (0.32+0.046¢
Ileum 0.29 0.36 0.26 0.27 0,39+0.087 (.34 £0.008™
Rectum 0.35 0,34 025 0.30 0,330,057 0.26£0.055*
M longissimus dorsi 030 0.35 0.19 .22 02740046 0.19x0.032°
Pancreas 0.30 0.34 0.32 0.32 0.3520.058 (.36x0.030*
Liver 0.36 0.41 0.49 0.56 0.37+0.058 0.50+0.064°
Kidney 0.34 0.35 0.41 0.37 0.33+0.055 0.40+0.056"
Blood plasma 0.32 0.3 0.4% 0.47 0.36+0.072  0.45+0.071=
Urine* Total N Total N
.35 (Animat 3} (.33 {Animal 4) 0.36+0.061*

* from the bladder
*" yalues in the same column with different subscripts are different at P<0.035
< not significantly different from the TCA-soluble and TCA-precipitable N of blood plasma and
tissues

endogenous N passing through the ileum was quite variable. Nevertheless, in-
creasing levels of fibre supplements did not affect the amounts in pigs of the same
genotype. Significant lower values were observed for the miniature pigs compared
to the domestic pigs. The total N at the distal ileum of pigs recetving the diets
without fish meal was on average 22% units lower (P<<0.001) than of pigs fed the
diets with fish meal, In contrast to total N the valucs for endogenous N were not
affected by N intake. Approximately 50% of endogenous N in all animals was
TCA-precipitable.

In cach treatment, increasing fibre supplements had no affect on the daily
amounts of total bacterial N at the distal ileumn in pigs of the same genotype. Sig-
nificant lower values were also observed for the minmature pigs compared to the
domestic pigs. In agreement with total N bacterial N m dicts without fish mcal was
on average up to 33% units lower (P<0.001) than in diets with fish meal. In both
treatments, the endogenous N associated with bacteria was also not affected by the
supplements of partially hydrolyscd straw meal and pectin. The amounts of bacte-
rial N of endogenous origin differed between the breed (P<0.001) but were not
affected by the N intake. Therefore, the contribution of bacterial N originating
from endogenous sources to total N of ileal digesta was higher in Treatment 2



TABLE 6

Daily amounts of different nitrogen fractions at the distal ileum (mean + SE, n=3) and the contribution of bacterial nitrogen of endogenous origin

to total endogenous nitrogen (in parentheses)

Animal BW Treatment* Supplement*** N intake

Ileal N flow (mg/kg®® *d™")

No kg"”? g/kg mg/kg?? #d! total N bacter] N endogenous N
total TCA- associated

precipitable  with bacteria
T M*¥ 4] ] ~ 1419 258+10.5¢ 140+ 4.32 129+ 7.5% 67570 72+ 348 (0.558)
M 9.0 1 37.5 1392 299+ 8.8¢ 110+ 5.5¢ 146+ 9.0 T0x1(.2¢ 63+ 6.9 (0.432)
3 Lx= 10.4 1 75.0 1328 373+ 4.9 193£12.6" 1974 5.9 111+ 3.8 98+ 5.6" (0.497)
4L 10.6 1 112.5 1344 389x15.7" 195+12.1" 210+10.50 129+ 6.5° 94+12.6"  (0.448)
5L 10.9 2 - 906 2894+31.7" 121+15.8%  215+19.0° 114+ 6,5° 96+11,5" (0.447)
6L 10.2 2 37.5 908 265+11,3" 127+ 4.9° 183+ 8.8 104+ 21" 96+ 6.4 (0.525)
™ 12.6 2 75.0 1042 200+ 6.4¢ 85+ 3.7 11249 51+ 4.4 54+ 3.2¢ (0.482)
8 M 13.5 2 112.5 1026 224x 3.2® 80+ 1.6* 113+ 8.5* 48+ 53¢ 45+ 402 (0.398)
9L 10.3 2 150.0 934 298+31.2 120+ 2.8° 216+23.5¢ 121424 42 89+ 4.8 (0.412)
Effect of breed P < .001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Effect of N intake P < 0.005 P < 0.001 NS NS NS

* | = diets with fish meal; 2 = diets without fish meal
** M = miniature pigs: L. = domestic pigs (Landrace}
*¥** partially hydrolysed straw meal and pectin (2 : 1 wiw)

“P means or medians in the same column of treatments 1 or 2 with different superscripts are different at P<0.05

AV LA T ITH1dved
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compared to Treatment 1. The values for diets 1 to 4 (Treatment 1) are 0.51, 0.57,
0.50, 0.48 and for diets 5 to 9 (Treatment 2) 0.79, 0.76, 0.64, 0.56, 0.74, respec-
tively. On the other hand, the contribution of endogenous N associated with bacte-
ria to the total endogenous N in ileal digesta appeared to be independent of the
level of N intake. The N and DAPA contents as well as the DAPA/N-ratios of
isolated bacterial fractions are given in Table 7.

TABLE 7
Contents of nitrogen and 2.6-Diaminopimelic acid in isolated bacterial fractions of ileal digesta
(mean = SE)

Miniature pigs (n=1)* Domestic pigs (n = 5)**
Total-N, mg/g DM 49.0 41.3+ 1.59
DAPA, mg/g DM 1.685 0.920 + 0.098
DAPA/N, mg/g 344 223
N/DAPA, mg/mg 29.1 44.9

* pooled sample of all animals
** pooled samples of each animal

The time course of the atom %" N’ of bacterial N (relative to that in TCA-
precipitable N) in Treatment 2 was at all times higher than in Treatment 1 (Figure 1)
during 20 h period on day 8, 10 and 12 of the experiment.

160
150
140 -
130 -
120
110
100
90 |

1.~ feeding ~— feeding
80 T T T I

0 3 8 12 16 20 24

Time during digesta collection, h

100)

(TCA-precipitable N
PSS LTie T S T oY

5N-enrichment in bacterial N

= Treatment 1 -+ Treatment 2
(all diets with fish meal) (all diets without fish meal}

Figure 1. The time course of the average atom %'°N excess of bacterial N in ileal digesta in both
treatments (mean + SE, n= 12 or 15 in Treatments 1 and 2, respectively)
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Obviously, the time course of atom %'*N in TCA-precipitable and bacterial N
do not develop in a parallel course. Especially 4 h after feeding the atom %"“N’ in
bacterial N increased to a larger extent than in TCA-precipitable N.

DISCUSSION
Methodical aspects

Taking into account that both extracellular amine acids originating from plas-
ma or digesta and intraccllular amino acids derived from intraccllular protein de-
gradation arc uscd for protcin synthesis {Simon ct al., 1982, 1983) and that endog-
enous N in the gut lumen 1s derived from multiple precursor pools (Moughan et
al., 1992), the ""N-cnrichment in urinary N was used as an indicator of that in
endogenous N during a steady state after withdrawal of "NH, C1. At this time, the
N in urine originated only from the catabolism of “*N-labelled body protein. Fur-
thermore, it can be assumed that differnt ®N-enrichments in tissues caused by a
different protein turnover as well as in extracellular fluids are nearly equilibrated
because of isotope recycling and interorgan relationships in amino acid metabo-
lism (Simon, 1989). In addition, the intcstinal secretions contain an important pro-
portion of non-amino acid N or urea (Buraczewska, 1979; Mosenthin and Sauer,
1991; Mosenthin ¢t ¢i.,1994) which represent the predominant N compound in
urine. Approximately 40 to 60% of urea flux is recycled daily in the stomach and
small intestine rather than in the large intestine of pigs (Bergner ct al., 1986; Mo-
senthin et al., 1992). Also all enzymes of the urca-cycle have been demonstrated
in enterocytes isolated from pre- and post-weaning pigs and relatively large amounts
of urea and ornithine were produced from ammonia, glutamine and arginine in a
dose-dependent manncr during in vitro incubations (Wu, 1995).

In the present experiment it can be seen, that all tissues which may contribute
substantially to endogenous nitrogen in intestinal contents have nearly the same
"N-abundances likc total urinary N (Table 5). Only small differences in atom %'°N’
were observed between the urinary and TCA-soluble N of blood plasma. Similar
results were reported by Hemandez et al. (1981} in rats and by Simon et al. (1987)
in pigs by using the same '"N-dilution technique. This observation is supported
by Krawiclitzki ¢t al. (1990) who found equal **N-enrichments in urinary and
whole body N of a growing pig five days after withdrawal of orally administered
"“NH,-sulphate. Therefore, the "N-enrichment of urinary N seems to be the easiest
accessible and appropriate indicator for that of endogenous N under the conditions
of'this experiment. The accuracy of the method may increase by a more uniformly
labelling of the endogenous N pool. Onc possibility is the oral administration of
homogenous "N-labelled veast as performed by Wutzke et al. {1983} for calculat-
ing whole-body protein parameters in infants,
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The comparable decrease of the “N-enrichment in urinary N as well as of the
total and bacterial N in ileal digesta shows that the intake of unlabelled dictary nitro-
gen caused a similar SN-dilution in the different N pools. It is concluded that steady
state conditions were obtained after three days following the last administration of
PNH,CI in pigs given both the diets with and without fish meal. A similar atom
%"*N’ in bactertal and total N of ileal digesta was also reported by Lien etal. (1997b).
This means that bacterial N contains the same proportion of '*N-labelled endog-
enous N as the total N of ileal digesta, which is also presented in Tables 3 and 4.

Bacterial N

The values of bactertal N are calculated using the DAPA/N-ratio in the isolated
bacterial fraction. A disadvantage of the usc of DAPA as a bacterial marker 1s that
its concentration varies among different species of bacteria (Dufva et al., 1982).
Also, a partial breakdown of bacteria passing through the small intestine causcs an
enrichment in the cell walls at the distal ileum resulting in a higher DAPA/N ra-
tion, The DAP/N-ratios of bacterial fractions (Table 7) were higher compared to
values of Wiinsche et al. (1991) who reported 7.5 to 18.8 mg DAPA/g bacterial N
in ileal digesta of pigs fitted with ilecocaccal re-entrant cannulas. Higher values of
51.2 mg DAP/g bacterial N were estimated by Ahrens and Kaufmann (1985) in
facces of miniature pigs. These differences could be a result of different methods
for DAPA dctermination as well as the isolation of bacterial fractions or diffcrent
populations of bacteria. In the present experiment, the differences in DAPA/N-
ratios of isolated bacterial fractions between the genotypes (Table 7) may be ex-
plained by different bacterial populations caused by different batches of feed com-
ponents in the two separate parts of experiment. Obviously, the use of DAPA/N-
ratios taken from data of the literature may be a source of error for calculating
bacterial N using DAPA as marker.

The calculated contribution of bacterial N to total N in ileal digesta (0.37 1o
0.54 in variant 1 and 0.36 to 0.48 in variant 2) arc in the range of values reported
by Wiinsche et al. (1991) and Schulze et al. (1994). Lower values (0.23 to 0.39)
were reported by Drochner (1984) in studies with miniature pigs. Similarly, Schulze
et al. (1994) also reported ne differences in the 1leal flow of bacterial N 1n growing
pigs given increasing lcvels of purificd NDF from wheat bran to a maizestarch-
soya isolate-based dict. It seems that other casily fermentable energy sources were
available to a sufficient cxtent for bacterial metabolism in digesta of the small
intestine. Thus, morc bacterial N passing through the ileum in diets with a higher
protcin level.

FEndogenous N

The remarkable differences in ileal endogenous N losses between mimature
pigs and domestic pigs were surprising. To some extent, these variations may be
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explained by different ages of the pigs and/or by the different batches of feed
components which were used in the two parts of this experiment. The only small
differences of the ileal endogenous N loss between the diets with and without fish
meal support the assumption of Boisen and Moughan {1996) that the endogenous
N in ileal digesta loss was induced primarily by the non-protein nitrogen of the
feed arising from the digestion of protein.

The results in Table 6 indicate also that endogenous N bound to protein (TCA-
precipitable endogenous N} was predominantly recovered in bacteria. The nearly
same amounts of endogenous N associated with bacteria passing through the ile-
um, determined in both treatments, demonstrate that endogenous N represents an
castly available N source for bacterial protein synthesis at both levels of N intake,
This is also supported by the relative atom %N’ of bacterial N (Figure 1), As-
suming that bacterial N is a part of TCA-precipitable N and the same contribution
of endogenous N to both N-fractions, the atom %'°N” of both N-fractions must
have been similar. The higher "N-enrichment of bacterial N compared to TCA-
precipitable N in ileal digesta indicate a higher proportion of endogenous N in
bacterial N compared to TCA-precipitable N. Taking into account that the "N-
enrichments of bacterial and total N are similar {Tables 3 and 4), this means thata
part of endogenous N associated with bacteria originate from TCA-soluble N which
was less diluted by unlabelled dietary N than TCA-precipitable N, especially in
pigs received the diets without fish meal. There was a typical postprandial rhythm
of time course of the relative atom %N’ in bacterial N characterized by high
values 4 h after feeding. Taking into account a passage peak of digesta to the ilcum
between 4 to § h determined by maximum concentration of marker in ileum diges-
ta (Drochner, 1984; Potkins et al., 1991} it can be derived that the proportion of
endogenous N associated with bacteria was increased 12 h after feeding. At this
time the amount of available dietary N in the small intestine is low under present
conditions of feeding. It secems that the bacterial incorporation of endogenous N is
an additional reason for the finding, that different levels of protein intake did not
affect the endogenous N losses determined by the '“N-dilution technique. On the
other hand, the amounts of bacterial N at the distal ileum decreased though propor-
tional higher incorporation of endogenous N in pigs received the diets without fish
meal. Obviously, lcss dictary nitrogen was available for the bacterial protein syn-
thesis compared to the diets with fish meal.

The contribution of endogenous N associated with bacterial N to total endo-
genous N in ileal digesta was higher compared to the valuc of Lien ct al. (1997 b)
who reported 0.25 for pigs given a barley diet. This difference may be explained by
individual and dietary factors as well as different "N-dilution techniques concerning
the "N-tracer, indicator pool and collection of digesta during or after the '*N-label-
ling period. Further investigations are needed to determine whether endogenous N
associated with bacteria in ileal digesta is affected by dietary factars, Different per-
centages of bacterial N of endogenous origin on total endogenous N may be impor-
tant for the amino acid composition of endogenous protein in ileal digesta.
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STRESZCZENIE

Oznaczenie azotu endogennego w bakteriach tresci jelita biodrowego $win zywionych dawka-
mi zbozowymi z (lub bez) dodatkiem mgczki rybnej oraz rézinymi dodatkami wlokna przy
zastosowaniu techniki rozcienczen "N

Cztery miniaturowe $winic Gottinger 1 5 §win Landrace, o podobnej masie ciata z kaniulami
mostkowymi w kocowym odcinku jelita biodrowego, Zywiono micszanka zbozowq z dodatkiem
(Grupa 1) lub bez (Grupa 2) maczki rybnej. Dicty zawicraty zwigkszajaca sig ilos¢ czgéciowo zhy-
drolizowane] maczki ze stomy i pektyny (2:1 w/w). W 2, 51 7 dniu po 5 dniach podawania z dawka
'"NH,Cl ckrestano tlos¢ azotu endogenncgo opuszczajacege jelito biodrowe z wielkose: procento-
wego nadmiaru "N w azocie moczu, uzytegoe jako wskaznik. Wzbogacenic w "N azotu moczu,
frakcji N-rozpuszezalnego | N-nierozpuszezalnego w TCA osocza krwi, w trzustee i jelicie cienkim
bylo niemal takie same. Udzial azotu endogennego w azocie ogdlnym, frakeji azotu nicrozpuszezal-
nego w TCA 1 azotu bakteryjnego w jelicie biodrowym nie ulegat zmianom w trzech kolejnych
okresach kolekcii. Wydaje sie, ze azot moczu jest, w warunkach przeprowadzonego deswiadczenia,
najtatwicjszym i wlasciwym wskaznikiem oznaczania azotu endogennego. Ani dodatek wiokna ani
ilos¢ pobrancgo azotu nic wplywaly na ilos¢ azotu endogennego opuszezajacego jelito biodrowe.
Na ilos¢ opuszczajacego jelito biodrowe bakteryjnego azotu endogennego, w przeciwienstwie do
ilosci bakteryjnege azotu ogélnego, nic wplywala ilodé pobranego z pasza biatka. Udziat azotu
endogennego zawartego w bakteriach w ogolnym azocie endogennym wynosit od 0,43 do 0.56 u
zwierzat Grupy 11 od 0.40 do 0,53 w Grupie 2, natomiast udzial azotu endogennego w ogdlnym
azocie bakteryinym wynosit od 0,48 do 4,57 w Grupie 1, 2 od 0,56 do 0,79 w Grupie TI. W podsu-
mowaniu badan stwierdzone, ze azot endogenny byt tatwo przyswajalny przez bakterie przy oby-
dwoéch poziemach pobrania przez zwierzgta biatka 7 pasza.



