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ABSTRACT

Three experiments were carried out on sheep in which the rate of degradation of dry matter and
fibre fractions of dehydrated whole maize plants (DWM) using a nylon bag technique (experiment [),
digestibility of the dietary nutrients in the gastro-intesttnal tract (experiments I[ and III) and its
particular parts (experiment IT) were studied. The animals were fed diets containing DWM and
rapeseed oilmeal (R), fish mcal (F), a barley-urea preparation (U) or a control diet containing only
DWM (C). Diets R, F and U werc isonitrogenous and isocaloric. The dietary nitrogen source did not
affect ruminal degradability of the maize fibre fractions /n sacco (experiment I}, however greater
digestibility of crude fibre, NDF, ADF and cellulose in dicts R and F than in U or C was found
(experiment II}). Intestinal digestibility of fibre fractions and its ratio to whole tract digestibility were
higher in the urea-containing diet than in the remaining diets. Although whole tract digestibility of
fibre fractions did not depend on the dietary protein source (experiments 1T and 111), digestibility of
fibre fractions was found to be significantly lower in sheep fed diet C as compared with those given
diets R, F or UJ.
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INTRODUCTION

Roughages with high fibre content are the basic compoenent of diets fed to
ruminants, and their digestibility and utilization are determined by the rumen
conditions. An important factor affecting the fibre digestibility of these feeds are
the nitrogenous compounds included in the diet.

The in vitro experiments of Thomsen (1985) and the ir vivo experiments of
McAllan and Smith (1983) on digestion of starch and cellulose showed that
activity of cellulolytic bacteria is more, than of amylolytic bactena, dependent on
the presence of protein nitrogen. The in vitro digestibility of cellulose {Thomsen,
1985) was lowest when urea was used as the nitrogen source. Maeng et al. (1976)
showed that isonitrogenous replacement of urea by a mixture of 18 amino acids
increased carbohydrate digestibility and total number of rumen microorganisms.
In contrast to in vitre studies, the results of in vivo experiments are not as
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unegquivocal. Oldham et al. (1979), McAllan and Smith (1983) and McAllan and
Griffith (1987) showed that including in the diets feeds of low ruminal protein
degradability resulted in better degradation of dry matter (DM), organic matter
(OM) and fibre fractions, whereas Goetsch et al. (1984), Ha et al. (1986) and
Zerbini et al. (1988) did not find any effect of the dietary nitrogen source on the
digestibility of these components. Fattet and Qrskov (1984) demonstrated in in
sacco studies that the digestibility of hay DM incubated in the rumen of sheep,
fed a diet containing barley and soya bean meal, was higher than when they were
given a barley-urea diet. However, replacing urea with soya bean meal in diets
containing fresh forages and maize cobs did not increase the DM or fibre
digestibility of these feeds in sheep (Alvarez et al., 1984).

Due to the conflicting results of these studies, a series of experiments was
undertaken to determine the effect of the dietary nitrogen source on the
digestibility of fibre and its fractions. The objective of the experiments reported
here was to determine the ruminal, intestinal and whole tract digestibilities of
DM, OM and fibre fractions of DWM by sheep fed alone or supplemented with
rapeseed oilmeal, fish meal or urea.

MATERIAL AND METHODS

Three experiments were carried out on sheep to study the rate of ruminal
degradation of DM and fibre fractions of DWM using a nylon bag technique
(experiment I}, the whole tract digestibility of the studied dietary nutrients
(experiments II and I} and their digestibility in particular parts of the
gastro-intestinal tract (experiment II).

Experiment I — the first part of this experiment was carried out on 6 Polish
Merino rams with a mean liveweight of 54 kg, fitted with rumen cannulae. The
animals were fed, in a 3 x 3 x 2 Latin square design, with diets composed of
DWM supplemented with rapeseed oilmeal (R), fish meal (F), barley-urea
preparation (U) prepared according to Kowalczyk et al. (1983), or a control diet
contained only DWM (C). The daily ration, amounted to 2.7% of body weight,
was given in two equal daily portions.

The second part of the experiment was carried out on 4 wethers fitted with
rumen cannulae. The wethers, of average weight of 77 kg, were fed the control
diet (C), amounted 2.5% of boedy weight, given in equal portions twice a day, The
composition of the diets is given in Table 1. The animals were housed in separate
pens with free access to water. After 16 days of feeding each diet DWM were
incubated in the rumen of sheep according to the method described by Mehrez
and Grskov (1977). Dacron bags, 11 x 8 cm with pore sizes of 53 x 36 microns,
containing 5 g of the studied sample were incubated 12, 24, 36, and 72
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TABLE |
Composition and nutrient contents of diets
Experiment 1 and III Experiment [1
Components
R F U C R F u C

Dehydrated whole plant maize  78.8 88.4 89.7 1000 87.6 93.1 93.1 100.0
Rapeseed oilmeal 212 — — — 12.4 — — —
Fish meal — 11.6 — — — 6.9 — —
Urca — — 10.3 — —- — 6.9 —
Dry matter, % 91.4 919 919 91.7 918 92.0 922 91.9
in DM, %o

Crude protein 14.3 13.6 13.6 6.7 136 13.5 13.5 9.4

Crude fibre 20.2 20.2 209 229 225 227 230 44

NDF 60.0 60.0 62.7 679 621 62.3 63.6 66.9

ADF 26.4 251 26.0 284 276 27.3 27.7 293

ADL 5.1 .7 3.9 4.2 5.9 5.3 53 5.7

Hemicellulose 336 49 6.7 395 35 349 359 37.5

Cellulose 213 214 22.1 242 217 22.0 224 26.7

Gross energy MJ/kg DM 18.3 18.1 18.4 179 184 18.4 18.5 18.2

hours. After removal from the rumen the bags were thoroughly washed under
running water and dried at a temperature of 60°C for 24 hours.

Experiment II — was conducted on 4 rams aged 10 months with a mean initial
weight of 40 kg, fitted with rumen cannulae and simple cannulae of the
duodenum and of the ileum. The sheep were fed, in a 4 x 4 Latin square design,
on diets R, F, U and C (Table 1) as in experiment I, given in two equal daily
portions amounting to 2.7% of body weight. Digesta flow was estimated by
adding to the rumen, twice a day afier feeding, a cellulose-chromium marker
prepared according to Corbett et al. (1960) starting on day 10 after feeding of
each diet. Faeces were collected on days 17 and 18. Duodenal and ileal digesta
samples were taken every 2 hours on days 20 and 21 of the experiment. The
individual samples were pooled and stored at — 18°C until analysis. On the same
days ruminal fluid was sampled before and 2 and 4 hours after feeding.

Experiment ITT— was carried out on 6 rams with a mean initial liveweight of 51
kg. The animals were fed diets R, Fund U, ina 3 x 3 x 2 Latin square design, as
in experiment | (Table 1). After 16 days of feeding, faeces were collected for
6 days into bags. Faeces were sampled three times a day from the bags and stored
at — 18°C until analysis.
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Degradation of rapeseed oilmeal and fish meal protein was determined
according to Mehrez and @rskov (1977) on 3 adult wethers weighing about 70 kg
and fed a standard diet of meadow hay and barley grain.

Analyses

The basic analyses of feed, duodenal, ileal and faecal samples were carried out
using standard methods. Neutral detergent fibre (NDF), acid detergent fibre
{ADF) and acid detergent lignin (ADL) in feeds, residual remaining after
incubation of the samples in the rumen and in freeze-dried duodenal digesta and
faecal samples were determined by the method of Van Soest and Wine (1967) and
Van Soest (1973) using a Fibertec M (Tecator) apparatus. The Cr, O, content was
determined according to the method of Kimura and Miller (1957). The pH of the
ruminal fluid was determined potentiometrically, N—NH, by the method of
Conway (1954) and volatile fatty acids (VFA) by the procedure of Ziolecki and
Kwiatkowska (1973).

Statistical analyses

The results were subjected to least-square variance analysis, the significance of
differences was calculated by a multiple range test. In experiment I the
significance of differences among diets was calculated by Student’s t-test.

RESULTS

The diets, differing in their nitrogen source (R, F, U), were isonitrogenous and
contained, on average, 13.8% crude protein (CP) (N x 6.25) in a DM in
experiments I and 111, and 13.5% in experiment Il (Table 1). The gross energy
content of all of the diets was similar and averaged 18.3 Ml/kg DM. Diet C
(control) contained 6.7% crude protein in DM in experiment 1 and 9.4% in
experiment 1I; this variation was due to differences in the quality of the DWM
purchased for the experiments in the different years. The animals consumed all of
the given rations.

The rapeseed and fish meals differed considerably in their ruminal protein
degradability. Although the amount of protein removed from both feeds after
2 hours of incubation in the rumen was similar and equalled 30%, after 48 hours
it differed significantly and equalled 90% for rapeseed oilmeal and 43% for fish
meal (Fig. 1). Both, constants a, b and ¢ and the effective ruminal protein
degradability differed significantly between the two feeds. The effective ruminal
protein degradability calculated according to @rskov and McDonald (1979) was
much higher for rapeseed oilmeal than for fish meal (Table 2).
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Figure 1. Degradability of rapeseed oilmeal (RM) and fish meal (FM) protein incubated in the rumen

TABLE 2

Constant values a, b, c and effective degradability (ED) of rapeseed meal and fish meal protein (exp. I,
I1, III) and of dehydrated whole plant maize dry matter (exp. I)

a b c ED

Rapeseed oilmeal

exp. I, IIT 20 74 0.064 58

exp. Il 20 74 0.078 62
Fish meal

exp. I, ITI 34 18 0.038 34

exp. II 28 18 0.058 37
Dehydrated whole
plant maize

diet R 29 55 0.025 44

diet F 26 55 0.027 43

diet U 30 53 0.025 45

In experiment I, in sacco ruminal degradation of DM of DWM determined
after different times of incubation, did not depend on the type of diet. The diets
also did not affect the effective degradability (43-45%) of DM in the rumen
(Table 2). The degradabilities of dietary DM and OM before the abomasum and
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amount passing into the duodenum (experiment 1I) were similar. In relation to
whole tract digestibilities, however, more DM (P < 0.05) of diet C was digested
before the abomasum than of diets R or U, and significantly more OM in diet C
were digested before the abomasum than of diet U (P <0.01) or diets R and
F (P < 0.05) (Table 3).

TABLE 3

Digestion of dry matter and organic matter in the rumen — experiment 11
Diet
Item
R 3 U C

DM intake g/day 1108 1199 1204 1190
DM flow trough the duodenum ,, 725 779 800 780
DM apparently digested
— g/day 383 420 404 410
— % intake 346 +21 350 +£23 336 17 345 +1.1
— % total digestion 56.84 + 2.8 583k +26 5492+ 1.4 61.80 +20
OM intake g/day 1043 1122 1142 11267
OM flow trough the duodenum 606 663 676 655
OM apparenily digested
— g/day 437 459 466 47
— % intake 419 119 409 123 408 +25 418 +13
— % total digestion 6629 + 2.1 6522+ 1.9 6444+ 33 72484 24

AB—P<00l;a,b—P <005

The losses of fibre fractions as determined i sacco (experiment 1) during the
particular periods of incubation were similar when feeding diets R, F and U
(Table 4). The digestibility of fibre fractions, as calculated on the basis of its
intake and outflow from the abomasum, was found to be influenced by the
dietary nitrogen source (experiment II). The digestibilities of fibre fractions,
NDF, ADF and cellulose were greater (P < 0.05) when feeding diets R and F
than U or C. The preabomasal digestibility of fibre fractions in comparison with
their whole tract digestibility were lower in diet U than in diets R, F or C
(Table 5).

The pH of the rumen content was not dependent on the diet and averaged 6.94
before and 6.43 and 6.52 two and four hours after feeding, respectively (Table 6).
The ruminal N-NH, concentration on diets R and F was similar (Table 6).
However, when diet C was given, the ruminal N-NH, concentration was lower
(P < 0.05) than on the remaining diets. The N-NH, concentration in the rumen
of sheep fed diet U was lower before feeding and higher 2 and 4 hours after
feeding in comparison with the remaining diets (P < 0.01).
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TABLE 4
Fibre fractions degradability in the rumen (%) — experiment [
Incubation time (hour)
Fibre .
fractions Diet
12 24 36 48 7
R 134 +570 287 +687 392 +889 447 +768 S7.7 + 560
F 1481 +274 2384+ 385 3760 + 381 4767 + 486 56.6A + 4.63
Crode fibre 1/ 17601 565 2814+ 407 4084 + 549 4707 & 564 59.0A £ 511
C 104 +218 155 +219 291 +3.58 365 +212 463 +3.20
R 3238 +332 4472 +529 5137 +403 5804+ 523 68.6A +3.30
F 3207+ 137 4100+ 270 5345 + 408 59.6A + 3.26 66.9A + 3.55
NDF ) 320A 4299 430A 4347 S4dn+479 S804+ 477 68.6A + 3.07
C 270 +202 362 +101 467 + 196 507 +216 582 + 192
R 154 +1383 298 +778 379 +579 427 +581 573A+4.19
F 167 4315 262 +323 374 +391 459A + 350 54.5 + 4.96
ADF ) 182A 4216 286 +527 408 4621 429 623 5T4A 4420
C 129 +251 226 +084 326 +258 360 +301 458 +2.43
R 60 +373 152 £599 144 + 889 146 +7.06 27.5 + 44l
F 44 +368 123 +£302 180 +553 1615 +380 232 + 638
ADL ) 47 4474 1487A+240 187A+450 1439 + 458 255 + 577
C 29 +193 85 +192 104 +279 113 +255 162 +4.11
R 44.54 +3.69 5544 + 384 64.4A + 404 6912 + 549  76.8A + 3.06
' F 430A 4232 51384330 6408+ 475 6955 +3.54 7585 + 2.56
Hemicellulose ) 4350 1374 5354 1254 64234449 69.0A + 411 76.6M + 2.35
C 370 +1.72 460 +1.76 568 1218 613 +200 670 + 190
R 170 +399 290 +983 420 +640 475 + S81 62.5% + 4.40
F 188 +378 2008+279 d40.8 +462 S1.1A+426 59.9A + 483
Cellulose 506A 1+ 273 311 1623 450 +727 478 + 683 6294 + 400
U 146 4265 250 +247 363 +278 402 +340 509 +2.14

Difterence between diet R, F or U and diet C: A — P < 0.0}; 2a — P < 0.05

The type of diet did not significantly affect the acetic, propionic or butyric acid
concentrations in ruminal liquid before or 2 and 4 hours after feeding, nor that of
valeric acid before or 2 hours after feeding. However, a significantly higher
valeric acid concentration was found 4 hours after feeding diets R and U as
compared with this value for diets F and C.
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TABLE 5

Digestion of fibre fractions in the rumen — experiment 11

Fibre fraction Diet

digestibility R F u C
Crude fibre
— % inlake 458% + |1 46.7Ar + 35 4260 + 14 38.6Bc + 1.92
— % total digestion 838 + 44 858 4+ 27 7718 4+ 53 §1.24b + 6,77
NDF
— % intake 4943b + 23 5161 + 29 4694 +25 4726 + 038
— % total digestion 79.18 + 4.1 BleA + 32 743Bb 4+ 47 Bl4A + 22
ADF
— % intake 403 + 1.7 41.3%x + 37 37.t0 + 2.0 3785 + 1.9
— % total digestion 7942 + 37 7902 4+ 32 71.3Ab 4+ 50 8358 + 29
ADL
— % intake 153 + 50 146 + 23 104 +20 141 + 08
— % total digestion 1180 +339 958 +244 817 +£062 1439 + 329
Hemicellulose
— % intake 56.5 + 36 597 4+ 25 544 435 548 + 20
— % total digestion 78.8ab + 51 83.3A 4+ 35 76.1B2 4 4.5 8060 4+ 2.4
Cellulose
— % intake 46,7 + 31 477 + 49 433 +22 433 + 22
— % total digestion 76.2ab + 546 778 + 4.6 7030 + 59 R0.3a + 24
A,B—P <00l;a,b,c-—P <005
TABLE 6
pH and NH,-N concentration {(mg/100 ml} in rumen liquid content — experiment T1
Time
Diet
before 2 h after 4 h after
feeding feeding feeding
pH
R 6.96 + 0.13 6.31 £ 0.17 6.54 + 0.05
F 7.00 + 0.07 6.43 + 0.18 6.56 + 0.16
U 6.89 + 0.16 6.54 + 0.20 6.48 + 0.21
C 6.90 + 0.13 6.44 1+ 0.16 6.62 £ 0.06
NH,-N
R 14.084 + 1.07 15.03A + 1.43 8.16A2 + 1.92
F 13.567A + 0.84 14.42A + 0.67 78142 + 1.79
U 10.588 + 1.65 28.73B +3.32 16.178 +3.25
C 6.49C + 1.56 10.53€ + 1.36 31.64A0 + (.41

A,BC—P<00l;a,b—P <005
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Intestinal DM digestibility was lowest in diets C and F (Fig. 2). Digestibility of
DM of diet C was significantly (P < 0.05) lower than diets R or U, of diet F
significantly (P < 0.05) lower than diet R. Significantly lower OM digestibility
was also found for diet C than diets R (P < 0.01) and U (P < 0.05). The
proportions in which DM and OM were digested in the small intestine in relation
to whole tract digestibility were similar for all of the diets.

100

Small intestine

Q0

Large intestine

80

70

60

50

Diet
DM oM

Figure 2. DM and OM digestibility in the small and large intestine — experiment 11

The intestinal digestibility of fibre fractions and its ratio to whole tract fibre
digestibility were higher when feeding the urea-containing diet than the
remaining ones. It was also found that the digestibilities of NDF, ADF and
cellulose of diet C were significantly lower (P < 0.05) than of diets R, F and U
(Table 7).

The source of dietary nitrogen did not have a significant effect on the apparent
digestibility of DM or OM of diets R, F or U, both in experiments III and I1. The
digestibility of DM and OM of diet C in experiment II was significantly lower
(P < 0.05) than in the remaining diets and equalled 55.7 and 57.8%, respectively
(Table 8).

Experimental diets, differing in their nitrogen source, did not affect the whole
tract digestibility of fibre fractions, although in experiment II a slightly higher
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TABLE 7

Digestion of fibre fractions in the intestine — experiment IT
Fibre fraction Dict
digestion R F U C

Crude fibre
— % intake 163 + 50 145 + 20 220 57 146 + 54
— % total digestion 1628 + 44 142¢ + 27 228b +353 18.83b + 68
NDF
— % intake 2592 + 44 24134+ 37 30.5hac + 48 20.586 4+ 28
— % total digestion 2092 + 41 184A + 32 257Bb 47 18.64 + 2.2
ADF
— % intake 17.6% 4+ 39 (88 + 27 238A +353 12086 + 1.7
— % total digestion 2064 + 37 21.00 + 32 28.7Ab 159 16.58 + 29
ADL
— % intake —29 4+ 55 07 + 44 26 1.1 —50 £ 26
— % total digestion —18.0 +339 42 +244 183 +62 —439 4329
Hemicellulose
— % intake 349 + 63 296 + 5.1 76 +47 292 + 43
- % total digestion 21.2eb 4 51 1674 + 35 2398 145 1944 + 24
Cellulose
— % intake 27.3@ + 68 26.1ab+ 47 3224 +638 18.88b + 14
— % total digestion 238+ 56 2222 4 46 2970 + 59 1972 + 24

A B—P <00l;a,b,c—P <005

digestibility was found when feeding the diet containing fish meal (F). The fibre
fraction digestibility was, however, higher (significantly higher for crude fibre,
NDF, ADF and cellulose) when diets R, F and U were given in comparison with
the diet C (experiment 1}).

DISCUSSION
Ruminal digestion

Fermentation in the rumen, including fibre digestibility, is dependent on,
among others, the conditions prevailing in the rumen. Parameters charactenizing
these conditions are pH and the concentration and proportions of VFA.
Reduction on the cellulolytic activity of bacteria occurs at pH below 6.0 (Mould
et al., 1983/1984; Hoover et al., 1984). In experiment I1, the lowest ruminal pH
measured 2 hours after feeding equalled 6.4, which indicates that all of the diets
sustained favourable conditions for ruminal carbohydrate fermentation, The
proportion of acetic, propionic and butyric acids equalled on average 66:21:13,
which means that acetic fermentation was occurring in the rumen and reflects the
composition of the diets whose major component was DWM.
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Differences in the type and level of nitrogen compounds in the diets did not
affect the ruminal digestibility of DM or OM in the studied diets (experiment II),
which is in agreement with studies carried out on dairy cows by Goetsch et al.
(1984). These authors using isonitrogenous diets containing urea, casein or soya
bean meal or a low protein diet, did not find differences in the digestibility of OM
of these diets.

In spite of the lack of differences in the digestibilities of DM and OM,
the ruminal digestibility of crude fibre in diet C was significantly lower
than in the remaining diets, which could have been caused by the lower protein
content in that diet and, as a consequence, the low ammonia concentration in the
rumen. It equalled 3.64 mg/100 ml ruminal fluid and was lower than the
minimum believed as optimal for bacterial protein synthesis (Satter and Slyter,
1974; Roffler et al., 1976). The low ruminal ammonia level could also have been
the reason of the lower degradability of the maize fibre incubated in the rumen
(experiment 1).

In a similar manner may be explain the lower digestibility of fibre fractions
when diet U was fed than when the isonitrogenous diets R and F were given.
When sheep were fed diet U, large fluctuations in the ruminal N-NH,
concentration were observed, which indicates that periods when the nitrogen
concentrations could limit the growth of microorganisms may occur (Coppock et
al., 1976; Madsen ad Hvelplund, 1988) and, as a consequence, limit the digestion
of fibre. However, in those studies in which animals were fed hourly in order to
achieve steady conditions in the rumen, higher digestibilities of DM, OM and
cellulose of a diet containing soya bean meal over one containing urea were
found, in spite of the fact that the level of ammonia nitrogen in the rumen content
was higher when the urea-containing diet was given (Kropp et al., 1977a).

McAllan and Smith (1983) studied the effect of inclusion of urea or fish meal to
diets containing flaked corn, tapioca and barley straw on the digestibility of
mannose, galactose, arabinose, xylose and beta-glucose in the preabomasum.
These authors did not find any effect of the dietary nitrogen source on the
digestibility of OM, but they did demonstraie a slightly higher digestibility of all
of the above-mentioned sugars in the diet containing fish meal than in the urea
and control diets.

The digestibility of fibre fractions in diets containing rapeseed oilmeal and fish
meal, which differed by their ruminal protein degradability, was similar
(Table 5). This result is in disagreement with the results of McAllan and Griffith
(1987). They demonstrated higher digestibility of NDF in the rumen of steers fed
diets containing protein with a low ruminal degradability. McAllan (1991) also
found increased celiulose and hemicellulose digestibility in the rumen of steers
fed a diet containing fish meal and urea than when given a diet supplemented
only with urea.
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In spite of the fact that the main source of nitrogen for ruminal bacteria is
ammonia, amino acids play an important role in their growth. The amino acid
requirement of cellulolytic bacteria is mainly related to their need for bran-
ched-chain volatile fatty acids: isobutyric, 2-methylobutyric, isovaleric and for
valeric acid (Andries et al., 1987). In experiment [I, the higher digestibility of
fibre fractions in diets R and F than in C and U could have been related to the
higher concentration of isobutyric acid before and 2 hours after feeding. In the
studies of Robinson and Sniffen (1983) the digestibility of hemicellulose in the
rumen of cows who were given branched-chain volatile fatty acids was higher.
Similarly, Hume (1970) demonstrated that the digestibility of OM in the rumen
was higher when isoacids were admimistered, although the total digestibility in
the digestive tract did not change.

The differences in the digestibilities of fibre fractions of the diets differing in
their nitrogen source in the preabomasal parts of the stomach (experiment )
were not confirmed by in sacco experiment (1). This is difficult to explain and
indicate that the results of experiments on feed digestibility carried out using the
in sacco technique are not always in agreement with the results obtained in
balance trials.

Intestinal digestion

The fermentation which occurs in the large intestine depends on numerous
factors, hence the differences in fibre fraction digestibilities may be notable.
Hoowver (1978) reports thai the digestibility of cellulose in the large intestine of
sheep ranges from 18 to 50%, of hemicellulose from 2.5 to 46%, which amounts
to 18— 27 and 30 - 40% whole tract digestibility, respectively. The digestibility of
cellulose and hemicellulose in the large intestine (experiment 11) ranged from
about 19 to 32 and from 29 to 38%, respectively, which equalled 20 to 30 and 17
to 24% of total digestibility, which is in argeement with the data of Hoover
(1978).

The amount of fibre potentially digestible in the large intestine and which has
not been digested in the rumen, has a direct effect on the digestibility of fibre in
the large intestine (Hoover, 1978). Many studies have shown that fibre
digestibility in the rumen decreases while its digestibility in the large intestine
increases when plants cut at late stages of growth with large amount of low
digestibility fibre (Beever et al., 1972), ground or pelleted feeds (Thomson et al.,
1969; Beever et al., 1972; Thomson et al., 1972) as well as rations containing large
proportions of concentrates (DeGregorio et al., 1982) are included in the diet.
The higher intestinal digestibility of fibre fractions in diet U thanin diets R and F
in experiment 1I may have been caused by the greater amount of fibre which did
not underge degradation in the rumen. In spite of the similar ruminal
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digestibility of NDF, ADF and cellulose of diets U and C, the digestibility of
these fractions in the intestines was significantly higher in diet U than C. The
lower digestibility of the fibre fractions of diet C could be associated with the
lower level of ammonia nitrogen in the ileal contents. Hecker (1971} and
Engelhardt and Hinderer (1976} demonstrated that the amount of urea passing
to the large intestine depends on the blood urea concentration. Addition of
non-protein nitrogenous compounds or protein easily degradable in the rumen
to diets increases the rumen N-NH, concentration and thus a rise of urea
concentration in the blood. This causes increased urea secretion to the lumen of
the large intestine (Zebrowska and Kowalczyk, 1991), which is a nitrogen source
for bacteria and increases their activity.

Whole tract digestion

The overall digestibility of nutrients of diets R, F and U, containing 13.5%
protein, was significantly higher than of diet C with 9.4% crude protein in DM
(experiment IT), is in agreement with the results of other experiments in which
diets with various protein levels were fed (Chomyszyn et al., 1973; Kropp et al.,
1977a; Goetsch et al., 1984). In an experiment carried out on wethers
(Chomyszyn et al., 1973) the digestibility of the nutrients of diets containing
ammonia-treated {15.1% crude protein in DM) or untreated DWM, supplemen-
ted with a protein-substitute concentrate (16.1% crude protein in DM) or
rapeseed oilmeal (15.8% crude protein in DM), was higher than in a diet
containing only DWM (8.4% CP in DM). Antoniewicz et al. (1981) similarly
demonstrated the higher digestibility of DM, OM and crude fibre in diets
containing DWM supplemented with urea (from 10.6 to 15.2% crude protein)
than in noh-supplemented diets (8.5% crude protein in the diet).

The lack of differences in whole tract digestibility of DM and OM in diets
differing in their nitrogen source is in agreement with the results of other studies
in which isonitrogenous diets containing various protein sources were used
{Chomyszynetal., 1973; Garret et al., 1987; Zerbim et al., 1988; McCarthy et al.,
1989; Seoane et al., 1990). In experiments on steers, Kropp et al. (1977b) showed
that DM and OM digestibility decreased in diets in which 0 do 75% of soya bean
meal nitrogen was replaced by urea nitrogen. In spite of the lack of differences in
OM digestibility, Firkins et al, (1986) found lower NDF digestibality in the whole
digestive tract of steers fed a diet containing maize gluten, with protein more
rapidly degraded in the rumen, than when dried distiller’s grain with slow protein
degradation was used. Little et al. (1963), in spite of a lack of differences in DM
and OM digestibilities, also found higher digestibility of cellulose when feeding
semi-synthetic isoprotein diets (8.6% CP) containing soya bean meal than when
maize gluten was used.
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CONCLUSIONS

The results of these studies indicate that the nitrogen sources did not affect the
whole tract digestibility of fibre fractions in sheep, but did, however, influence
the digestibility of the fibre fractions in the particular parts of the digestive tract.
It was not found that the differences of the fibre fractions digestibility were
associated with the different rate of protein degradation in the rumen. It was
found, however, that when urea was included in the diet, the ruminal digestibility
of fibre fractions was lower and its intestinal digestibility higher than when other
protein sources were used.
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STRESZCZENIE
Wplyw réinych irédel azotu na strawnos$é frakeji wlokna u owiec

Przeprowadzono trzy doswiadczenia na owcach, w ktorych badano tempo rozkladu suchej masy
1 frakey widkna suszu z catych roslin kukurydzy metoda woreczkow nylonowych (doswiadczenie I),
strawnos¢ badanych skladnikdw pokarmowych dawek w catym przewodzie pokarmowym {doswiad-
czenie I1 1 [IT) oraz jego poszczegdlnych odcinkach (doswiadezenie [I). Zwierzgta zywiono dawkami
sktadajacymi sig z suszu z calych roslin kukurydzy z dodatkiem $ruty rzepakowej (R}, mgczki rybnej
(F), preparatu jeczmienno-mocznikowego (U} lub dawka kontrolna, skladajacy si¢ z samego
suszu (C}. Dawki R, Fi U byly izoazotowe i izoenergetyczne. Zradlto azotu w dawkach nie wplynelo
na wielko§¢ rozkladu frake)ji wlokna suszu z kukurydzy in sacco w zwaczu (doswiadczenie I),
stwierdzono natomiast wigkszg strawnos¢ w zwaczu widkna surowego, NDF, ADF i celulozy dawek
R i F niz U i C {doswiadczenie I1). Strawnos¢ frakcji wlokna w jelitach i jej procentowy udzial
w strawnosci w calym przewodzie pokarmowym byt wigkszy przy skarmianiu dawki z mocznikiem
niz pozostatych dawek. Strawnosc frakcyi widkna w calym przewodzie pokarmowym nie zaiezala od
zrodla biatka w dawce {(doswiadczenie I1 1 111), stwierdzono natomiast istotnie mniejszg ich strawnosé
przy skarmianiu dawki C niz dawek R, F, U.



