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ABSTRACT

Eight different roughages (clover grass silage, 2 samples of fresh clover grass, {resh ryegrass,
winter wheat whale crop silage, pea whole crop silage, dried grass and goats ruc) were examined for
cffective degradability in the rumen and total tract digestibility of individual amino acids (AA), total
AA and crude protein using i situ method. Effective degradabilities calculated at a rumen fractional
outflow rate of 5% /h, were higher lor crude protein than for total AA (the differences ranging from
1.9 to 4.1 percentage points). Arginine was the least degradable amino acid, particularly in sitage and
in short rumen incubations, although cysteine and phenylalanine also tended to be less degraded than
total AA. The most degradable amino acids were alanine and proline in silages, and cysteine, aspartic
acid and glutamic acid in the other roughages.

Disappearance of total AA from mobile bags containing samples of feeds after 16 h preincubation
in the rumen varied from 79.8% in dried grass to 95.9% in fresh clover grass, and was generally
gimilar (o 1he disappearance of crude protein, 79.7-96.3%, respectively. In most of the examined
roughages, cystine and glycine disappeared the least, and glutamic acid, aspartic acid and alanine the
most from mobile bags, as comparcd with total AA.

KEY WORDS: rumen, roughages, amino acid profile, protein, ruminal degradability, intestinal
digestibility
INTRODBUCTION

The aminoe acids available for absorption in ruminants are derived from
dietary protein which has escaped rumen degradation and from microbial
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protein synthesized in the rumen. Since the amount of microbial protein
synthesized in the rumen is inadequate to fulfill the AA requirement for high
producing cattle, the quantity of feed protein escaping rumen degradation and its
amino acid composition, particularly the amount of the most limiting amino
acids, play an important rofe in covering an ammal’s AA requirements. The
degradability of crude protein has been used to predict the degradation of
individual AA and their supply to the duodenum (Rulquin and Verite, 1993),
although results from some experiments suggest that the degradability of total
AA can deviate from that of crude protein, and that variations in degradation
can occur among individual amino acids (Susmel et al., 1989; Boila and Ingalls,
1994; Skorke-Sajko et al, 1994; Cozz et al., 1995; Dakowski et al., 1996).
Therefore, prediction of the amount of feed AA supplied at the duodenum based
on the original AA composilion of the feed and degradation of crude protein can
be inaccurate.

The digestibility of protein and individual AA is the second important factor
affecting the amount of AA which potentially could be absorbed from the small
intestine. Most protein evaluation systems (ARC, 1984; Madsen, 1985; NKJ,
1985; NRC, 1985) assume constant intestinal digestibilities of rumen undegraded
diectary AA, which are about 80%, but, on the other hand, some studies
(Hvelplund, 1985: Masoero et al., 1994} indicate that intestinal digestibility of
rumen undegraded dietary protein (RUDP) and AA for some feeds is lower than
80% and could vary between individual AA. Information on the digestibility of
total and individual AA in different feed residues, which escaped degradation in
the rumen, is still limited {(Hvelplund and Hesselholt, 1987; Boila and Ingalls,
1994; Erasmus et al., 1994; Skorko-Sajko et al., 1994). Therefore, reliable
measures of RUDP, its AA content and intestinal digestibility are necessary.

The aim of the present study was to determine the rumen degradability of
crude protein, total and individual AA for eight different roughages after 8, 24
and 72 h incubation in the rumen and total digestibility estimated as disap-
pearance from mobile bags (including preincubation for 16 h in the rumen) of
crude protein and AA of these feeds. The degradability and disappearance from
mobile bags of total and individual amino acids were then compared with values
estimated for crude protein,

MATERIAL AND METHODS

Feeds

Eight different roughages (clover grass silage, 2 samples of fresh clover grass,
fresh ryegrass, winter wheat whole crop silage, pea whole crop silage, dried grass
and goats rue) were used in this experiment, and their chemical composition is
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presented in Table 1. All samples were freeze- dried and milled througha 1.5 mm
screen for in sifu method, and through a 1 mm screen for other chemical analysis.
Feed samples were analysed for dry matter, nitrogen, ash and crude fibre content
according to conventional methods (AOAC, 1990). Amino acids were analysed
according to Mason et al. (1980).

Animals

Three rumen cannulated dry cows, fed twice daily with a diet composed of
clover grass hay (2/3) and concenirate (1/3), were used for estimation of rumen
degradability and preincubation of mobile bags. For the mobile bag procedure
three doudenal fistulated cows, fed according to milk production, were used.

Degradability

Rumen degradabilities of crude protein and AA were determined using the
nyloen bag technique (Madsen and Hvelplund, 1994). Feed samples were
incubated in the rumen for 0, 8, 24 and 72 h in nylon bags {7x10 cm with pore size
36x36 mm). The bags were inserted into the rumen during the morning feeding.
The number of bags and the amount of samples incubated in the rumen were
adjusted to obtain approximaiely 10 mg N per incubation time in the pooled
undegraded residues. After each incubation time the bags were frozen until all
bags had been collected. They were then washed in cold water in a washing
machine for 15 min. Before chemical analysis, the residues from rumen
incubations were treated for 5 min with a stomacher and rewashed through the
nylon bags to remove microbial contamination from the residues in the bags. The
residues were then transferred to N-free filter paper, freeze-dried and hydrolyzed
for AA determination. Nitrogen was also determined in the hydrolysate using
a micro Kjeldahl method. To avoid uncontrolled boiling, the samples were
hydrolyzed in an auioclave at 110°C.

Measurements of water-solubility and washing loss

Loss of small particles was estimated as the difference between the loss from
the nylon bags which were washed without rumen incubation (0 h) and the loss of
true water soluble material through filter paper.

Crude protein and AA disappearance from the mobile bags

Total tract digestibility was estimated by the mobile bag technique according
to Hvelplund et al. (1992) using nylon bags with a pore size of 11 x 11 mm. The
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heat sealed bags with feed samples were preincubated in the rumen for 16 h,
acidified in an HCl solution (pH 2.4) for 1 h to adjust pH and then incubated in
a pepsin-HCI solution (200 mg pepsin {1:10000 Orthana 23208) dissolved in 2 1 of
0.004N HCI, pH 2.4) while being shaken in a waterbath for 2 h at 40°C. After
incubation in pepsin-HC] solution the bags were introduced into the intestine
through the duodenal cannulae (15 bags per cow per day) and the bags were
recovered from the facces after passage through the intestine. After recovery, all
of the bags were washed in a washing machine for 15 min. The residues were
pooled 1o form a sample containing approximately 10 mg N and transferred to
N-free filter paper for N and AA analysis as described for rumen residues.

Calculations

Degradability of protein in the samples after rumen incubation was calcutated
from the disappearance of N from the bags. Effective degradability (ED) was
estimated according to @rskov and McDonald (1979) using Proc NLIN (SAS,
19835). ED was corrected for loss of small particles according to Weisbjerg et al.
(1990). Total tract digestibility of protein and amino acids was calculated as the
disappearance from the bags after rumen incubation and passage through the
intestine.

RESULTS

The chemical composition of the different roughages used in the experiment is
presenied in Table 1. The N content in DM varied from 1.4 in winter wheat whole
crop silage to 4.7% in fresh clover grass. The content of total AA
{g AAN/I00 g N) in the tested feeds (Table 2) ranged from 49.1 in winter wheat
whole crop silage to 73.1% in {resh clover grass. Differences in the proportion of
individual AA hetween the tested feeds were also found as shown in Table 2. The
proportion of lysine (g AA-N/100 g N) varied from 2.8 in winter wheat whole
crop silage to 6.5 in fresh clover grass; methionine varied from 0.6 in pea whole
crop silage to 1.06 in fresh ryegrass.

The intra-assay coefficient of variation of analysed AA was low and never
exceeded 1.3%. This suggests that the method used to analyse AA (Mason ct al.,
1980) was precise enough and did not effect the recovery of any amino acid in
feed samples, so the results presented in this study are reliable.

Water solubility, degradabilities at different incubation times and effective
degradabilities calculated using a fractional rumen outflow rate of 0.05, both
uncorrected and corrected for particle loss of N, total AA and individual AA, are
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TABLE 1
Chemical compaosition of the roughages
% of DM
ash nitrogen crude fibre

Clover grass silage 9.2 313 249
Fresh clover grass 1 9.4 3.61 18.8
Fresh ryegrass 8.7 3.56 25.5
Fresh clover grass 2 10.5 4.73 16.5
Winter wheat whole crop silage 53 1.43 23.7
Pea wholc crop silage 7.1 2.53 21.0
Dried grass 143 2.64 26.7
Goats rue (Galega afficinalis) 7.4 2.84 309

shown in Tables 3, 4, 5 and 6. Water solubility of individual and total AA was
generally lower than solubility of crude protein. Ruminal nitrogen and AA
degradability increased with increasing rumen incubation time, For all feedstuits
the effective degradability of crude protein was higher than the results obtained
for total AA; the differences ranged between 1.9 to 4.1 percentage points, except
for dried grass, for which the effective degradability of crude protein was 9.5
percentage points higher than the effective degradability of total AA. The
differences between effective degradability of crude protein or AA with and
without correction for particle loss were similar. There were several notable
differences in the degradability and effective degradability among individual
amino acids within a feed, especially for short rumen incubation times (8 and
24 h) (Tables 3-6). Arginine originating from silage {clover grass silage, winter
wheat whole crop silage and pea whole crop silage) seemed to be the amino acid
which was mosl resisiant o rumen degradation; its rumen degradability
(especially for short incubation times) and effective degradability were lower
than for the other individual amino acids, total AA and crude protein (Table
3 and 5). Arginine from fresh forages had a similar or slightly lower effective
degradability, in comparison with the cffective degradability of total AA and
crude protein. Similarly as for arginine, the effective degradability of cystine and
phenylalanine in the silages tended to be lower than that of total AA. The
exception was winter wheat whole crop silage, in which effective degradability of
phenylalanine was higher than the effective degradability of total AA. The most
degradable amino acids in the silages were alanine and proline, although aspartic
acid and glutamic acid also had high effective degradabilities. In the other feeds,
cystine, aspartic acid and ghitamic acid tended to have higher effective
degradabilities, while isoleucine, leucine, phenylalanine and glycine tended to
have lower effective degradabilities than total AA.
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TABLE 2
Amino acid composition of the roughages, g amino acid N/100 g N

ALA ARG ASP CYS GLU GLY HIS ILE LEU LYS MET ORN PHE PRO SER THR TYR' VAL Total
AA?

Clover grass silage 6.48 3.39 5.01 0.517 466 495 283 256 450 444 0.873 1.540 2.18 567 3.09 254 110 391 60.2
Fresh clover grass 1 5.21 10.03 7.14 0827 604 560 399 286 514 646 0939 0054 2.63 323 379 311 179 421 731
Fresh rycgrass 569 10,05 59F 0.851 737 540 337 263 478 6.24 1.06 0,049 255 317 332 296 146 393 708
Fresh clover grass 2 5.11 1005 770 0.757 581 557 385 270 504 636 0.945 0.000 2.57 3.03 3.65 304 172 409 721
Winter wheat wholc

crop silage 543 178 267 0719 709 425 260 210 344 279 0649 1330 175 420 257 192 0.64 313 49.1
Pea wholecrop silage 5.07 574 6.64 0.549 6.19 475 376 281 438 560 0.577 2.550 2.22 3.74 373 256 133 380 66.0
Dried grass 5.57 843 35.26 0.604 587 5.67 333 270 461 391 0853 0.137 239 326 316 281 121 3.88 637
Goats tue 454 933 574 0.723 552 518 385 277 464 629 0809 0.118 246 349 411 3.02 1.63 352 68.1

Ttyrosine is increased with 15% to adjust for oxidation losses. This gives an approximate estimation of this amino acid which shouid only be used for
summation
? including ornithine
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The effective degradabilities of lysine and methionine were generally similar to
that of total AA. Only in dried grass were the effective degradabilities of lysine
and methionine lower than total AA, but of other amino acids, such as
phenylalanine, isoleucine and leucine from dried grass also had lower effective
degradabilities compared with total AA.

Total tract digestibilities of crude protein, individual and total AA measured
as disappearance from a mobile bag, including a 16 h preincabation in the rumen,
are shown in Table 7. Total AA disappeared in a proportion similar to that of
crude protein (the differences varied from 0.1 to 1.6 percentage points), and in
most feedstuffs the disappearance of lysine and methionine were similar to total
AA disappearance. Cystine (77.2-95.7%) and glycine (77.6-93.8%) tended to
have a lower disappearance compared to total AA (79.8-95.9%), although it
varied depending on the kind of feeds and was lowest in dried grass and goats ruc.
Dried grass generally had the lowest disappearance of total (79.8%) and
individual AA, especially of methionine (74.9%), phenylalanine (74.8%) and
cysteine (77.7%), compared with results obtained for the other feedstuffs. The
highest disappearance was observed for glutamic acid, aspartic acid and alanine.
For tresh clover grass and fresh ryegrass, the disuppearance of arginine was also
high, ranging from 95.3 to 97.7%. In silages, except pea whole crop silage (94.3),
arginine disappearance was low (72.4-89.9%).

DISCUSSION

The amount and availability of the most limiling amino acids in rumen
undegradable protein play an important role in covering the AA requirements of
high producing animals (Schwab et al., 1992). In the French system for
prediction of lysine and methionine absorption (Rulquin and Verite, 1993), it is
assumed that the AA profile of original feed protein is equal Lo Lthe AA profile of
undegraded feed protein, as found by Gancv et al. (1979), Weakley et al. (1983)
and Teller et al. (1985). This means that estimated crude protein degradability is
also suitable for prediction of the degradability of individual AA and thereby the
supply with AA to the small intestine.

The results obtained for eight different roughages in this study showed that
effective degradability of totat AA was lower than that estimated for crude
protein. This means that the use of crude protein degradability as an estimate for
AA degradability can result in overestimaltion, and thereby an underestimation
of the AA proportion in the RUDP reaching the small intestine. Contradictory
to this, Skorko-Sajko et al. (1994) found similar degradabilities for crude protein
and total AA-N afler 4 and 16 h incubation of four roughages (cocksfoot, vetch
wholc crop, clover grass and lucerne) showing that more notable differences
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TABLE 3
Degradability of crade protein, individual and lotal amino acids in the rumen (clover grass silage, fresh clover grass 1)

Clover grass silage Fresh clover grass |
Sol. incubation time, h ED? ED? Sl incubation time, h i ED'
0 8 24 72 0 8 24 72
Crude protein 0.679 0757 0848 0949 0977 0885 0818 0051 0419 0674 0940 0965 0769 0.3597
Amino acid:

alanine 0.723 0787 0860 0962 0982 0900 0843 0079 0332 0.623 0947 0970 0.743  0.581
arginine 0.208 0329 0574 0883 0951 0696 0.620 0.065 0287 0607 0954 0973 0731 0610
aspartic acid 0.679 0750 0.833 0943 0975 (0878 0R16 0291 0492 0.70] 0949 0.973 0.794 0.656
cystine 0.567 0659 0780 0914 0958 0.829 0733 0.477 0576 0.7533 0939 0965 0.818 0.744
glutamic acid 0.624 0716 0807 0.939 0972 0861 0783 0138 0394 0.634 0943 0972 0753 0.591
glycing 0.602 0.690 0.793 0941 0972 0.851 0778 0.048 0319 0.591 0919 09468 0.712 0.551
histidine 0.595 0691 0793 0.943 0974 0852 0772 0.061  4.329 0590 0937 0960 0721 0.562
isoleucine 0.624 0710 0810 0.942 0974 0861 (4.789 -0.007 0280 0570 0.92% 0960 0.705 0.548
leucine 0.623 0702 0804 (0951 0979 0.862 0.797 0.029 0314 0.599 0945 0970 0.728 0.565
lysine 0.646 0725 0819 0927 0969 0862 0794 0.079 0329 0646 0938 0971 0.747 0.603
mcthionine G608 0.685 0796 0939 0972 0851 0788 0.064 0342 0604 059540 0971 0.732  0.567
phenylalanine 5340 0.634 0739 0942 0972 0830 0755 0.012 0308 0579 0941 0968 0718  0.548
nroline 0.807 0.847 089 0971 098 0926 0889 0.069 0343 0600 0936 0963 0.728 (.564
serine 0.658 0737 0822 0946 0975 0872 0804 0.138 0379 0640 0934 0962 0748 0.598
threonine 0.644 0725 0817 09541 (972 0866 0797 0079 0349 0618 0938 1.000 0738 0.576
valine 0.677 0741 0834 0952 0979 0879 03824 0051 0330 0605 0942 0967 0731 0.569
total AA 0.620 0.698 0804 0941 0974 0858 0792 0088 0351 0620 0939 0966 0.739  Q.581

! water solubility
? effective degradability calculated at 5% fractional ramen outflow rate
3 effective degradability after correction for particle loss
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TABLE 5
Degradability of crude protcin, individual and total amino acids in the rumen (winter wheat whole crop silage, pea whole crop silage)

Winter wheat whole crop silage Pea whole crop silage
incubation time, h N incubation time, h
Sol.! ED- ED? Sol.! ED? ED?
0 8 24 72 0 B 24 72
Crude protein 0.7¢9 0.874 0901 0903 0930 0899 0795 0631 0798 0789 0902 0968 0.857 0.702
Amino acid:

alanine 0.777 0878 0903 0907 0931 0903 0.805 0.665 0826 0814 0916 0969 0874 0.724
arginine 0073  0.507 0.613 0.663 0727 0.632 0249 0207 0617 0637 0872 090 0764 0426
aspartic acid 0615 0793 0818 0.798 0.849 0.815 0.640 0.596 0793 0794 0908 0971 0.860 (.680
cystine 0.579 0.763 0822 0848 0901 0829 906357 0472 0719 0686 0.843 0944 0.783 0.558
glutamic acid 0.796 0.899 0922 0923 0948 0922 0822 0543 0766 0774 0913 0972 0851 0.651
glycine 0.684 0817 03850 0.863 0900 0853 0.724 0565 0757 0719 0856 0947 0.806 0.629
histidine 0.724  0.850 0.884 0.892 0918 0.886 0764 0588 0.780 0767 0.899 0966 0843 0.667
isoleucine 0.720  0.851 0879 0870 0903 0873 0744 0537 0758 0762 0893 0965 0837 0.637
leucine 0.698 0.838 0872 0.879 0916 0873 0.738 0521 0748 0754 0907 0970 0838 0.636
tysine 0.641 0799 0.824 0782 0840 0815 0658 0589 0785 0769 0.880 0965 0841 0.660
methionine 0662 0.821 0854 0837 0876 0846 0690 0557 0772 0734 0.843 0951 0812 0.6i2
phenylalanine 0.669 0.825 0.862 0.867 0.891 0.863 0712 0460 0725 0728 0.890 0963 0.819 0.586
proline 0779 0879 0906 0919 0943 0910 0812 0.663 0822 0810 0920 0974 08714 0.727
serine 0712 0.837 0.867 0875 0907 0.869 0.748 0560 0764 0.758 0901 0967 0839 0.654
threonine 0.689 0.829 0.855 0.847 0.887 0852 0715 0587 0784 0.767 0.884 0961 0.840 0.657
valine 0729 0.834 0.885 0884 0917 (0.882 0759 03566 0777 0772 0903 0967 0847 0.635
total AA 0.677 0.827 0860 0.858 0.894 (OB858 0712 0539 0763 0760 0.895 0965 0.838 0.6035

! water solubility

? effective degradability caleulated at 5% fractional rumen outflow rate
* effective degradability corrected for particle loss
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TABLE 7
Crude protein and individual amino acids disappearance from feeds after 16 h incubation in the rumen and passage through the intestine
Clover grass Fresh clover Fresh rye- Fresh clover Winter wheat Pea whole  Dried grass (Gioats rue
silage grass 1 grass grass 2 whole crop silage crop silage (Galega officinalis)
Crude protein (0.937 0.937 0.952 0.963 0.906 0.951 0.797 0.830
Amino acid:
alanine 0.953 0.947 0.944 0.961 0.922 0953 0.804 0.846
arginine (.899 0.953 0.963 0.977 0.724 0.943 0.850 0.899
aspartic acid 0.951 0.955 0.957 0976 0.863 0.959 0.826 0.849
cysting 0.895 0916 0.938 0.957 0.850 0.905 0.777 0,772
glutamic acid 0.945 0.950 0.963 0.971 0.946 0.962 0.841 0.873
glycine 0.925 0.507 0.933 (938 0.874 0.912 0.776 0.805
histidine (.930 (0.922 0.937 (.947 0.899 0.938 0.790 0.766
isoleucine 0.935 0.930 0.931 0.953 0.894 0.945 0.779 0.829
{cucine 0.940 0.946 (0.938 0.962 0.901 0.953 0.773 0.849
tysine 0.942 0.951 0.96¢ 0.970 0.857 0953 0.806 0.827
methionine 0.932 0.946 0939 0.961 0.882 0.927 0.749 0.863
phenylalanine 0.925 0.941 0.933 0.95¢6 0.888 0.946 0.748 0.834
proline 0.967 0.933 0.938 (3.960 0.928 0.956 0.800 0.811
serine 0.942 0.932 0.y41 0.958 0.898 0.947 0.805 0.802
threonine 0.938 0.543 0.945 0.962 0.884 0.943 0.807 0.836
valine 0.946 0.942 (.942 0.962 (.905 0.948 0.796 0.826
total AA 0.939 0.939 0.944 0.959 0.890 0.946 0.798 0.832
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occurred between crude protein degradability and degradability of some
individual AA, especially methionine which had the lowest degradability, Similar
results were presented by Chalupa (1976) who showed that among essential AA,
only methionine and valine had a lower degradability compared to total AA, but
in that study the degradation of free AA was measured, whereas in the present
study the degradability of AA-protein was mueasured. The low degradability of
mgthionine was not confirmed in the present study in which degradability of
methionine and lysine in most tested roughages were close to the degradability of
total AA, especially for longer rumen incubation times, Only in dried grass the
degradability of methionine was considerably lower than the degradabilities
obtained for total AA. This was also observed for many other AA, such as lysine,
isolencine, leucine, phenylalanine and valine, all of which had low degradabili-
ties, This was probably due 10 the heat treatment during the production process
which may modify the degradation of protein and individual AA (Kerry et al.,
1993; Dakowski et al., 1996).

Weishjerg et al. (1996) found that the effective degradability of crude protein
was a good predictor of effective degradability of total AA and lysine and
methionine originating from concentrates, although in some feeds (cottonseed
cake, palm kernel cake, maize gluten feed) the effective degradability of
methionine could be overestimated. Susmel et al. (1989) showed that for
feedstufts tested in his study (soyabean meal, fish meal, dried brewers’ and
ensiled lucerne) methionine always had a higher degradablity than total AA.
High degradation of methionine was also observed in barley and barley straw
(Varvikko, 1986) and in rapesced meal (Setdld and Syrjala-Quist, 1984/85).
According to Crooker et al. (1987) and Schfeifinger et al. (1976) the degradation
of methionine depends on the nature of feedstuff, however, all branched-chain
AA and cspecially lcucine, isoleucine and phenylalanine, seems to be more
resistant to microbial degradation in the rumen than the other AA. Tamminga
(1979) suggests that cysting 1s also slowly degraded in comparison with other AA.
in the present study cystine, glutamic acid and aspartic acid had the highest
effective degradabilities in the tested feeds except for silages, while isoleucine,
leucine and phenylalanine had the lowest degradabilities compared to total AA.
Similar results were presented by Puchala et al. (1991), Kerry et al. (1993) and
Weisbjerg et al. (1996).

Arginine has been assumed to be the most quickly degraded amino acid in the
rumen (Chalupa, 1976; Tamminga, 1979; Mir et al., 1984; Cozzi et al., 1995;
Dakowski et al., 1996), and according to Puchala et al. (1991), the degradability
ol arginine in plant protecins (particuiarly in lucernc hay, grass hay, maize and
grass silage) is faster than in proteins of animal origin feeds, A substantial part of
feed arginine is degraded during the ensiling process (Makoni et al., 1990 cf.
Puchala et al., 1991}. Arginine is metabolized to ornithine in the rumen (Lewis
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and Emery, 1962 a,b) and if the same process takes place during ensiling, it can
explain the high levels of ornithine ofien found in silage. A comparison between
silage and fresh fecds (clover grass) in Table 2 indicates that up to 2/3 of the
arginine has disappeared during ensiling, and that part of it can be found as
ornithine. Therefore, arginine in silage will be the fraction which has not been
degraded dunng ensiling, which probably is the most resistant fraction. This can
explain the low rumen degradabilities found for arginine in silage. The ornithine
in silage was nearly totally water soluble.

IDisappearance from the moebile bags of total AA and crude protein in the
present experiment was similar. This is in agreement with an earlier study of
Weishjerg et al. (1996) i which 15 concentrates were tested, and with results
presented by Mupeta et al. (1996) for concentrates and tropical legume forages.
Masoero et al. (1994) also showed that intestinal digestibility of total AA of
undegraded protein residues was comparable with intestinal digestibility of
protein for most feedstuffs, with some exceptions of poorly digestible and high
fibre feeds. The above results indicate that intestinal crude protein digestibility
could be a good predictor ol intestinal AA digestibility, However, in other studies
with intact and rumen undegraded protein, the higher digestibility of AA than of
crude protein has been found for roughages (Skorko-Sajko et al., 1994} and for
rapeseed meal (Dakowski et al., 1996).

Inan in vive study with concentrates Hvelplund and Hesselholt (1987) showed
that digestibility of individual AA varied between and within feeds, and cystine
was found to be the least digestible AA, although its digestibility varied from
42-76% depending on the source of undegraded protein. This was also confirmed
by the studies of Skorko-Sajko et al. (1994), Dakowski et al. (1996) and Mupeta
et al. (1996). The results of the present study indicate that cystine, but also glycine
and sometimes histidine and phenylalanine, have a tendency to be less digestible
than total AA. Erasmus ct al. {1994) found that cystinc, proline, glycine and
alanine are slightly less digestible than total AA. Although the results mentioned
above indicate that cystine is the least digestible AA, this cannot be accepled as
a general fact as 1t was not observed in the studies of Masoero ¢t al. (1994) and
Weisbjerg et al. (1996), where the cystine of different concentrates had a similar
or even higher digestibility than total AA.

The results of this study support the statement that the effective degradability
of crude protein in the rumen 1s higher (mean difference 4.1 percentage points)
than the effective degradability of total AA. Therefore, using the AA proportion
of the feed protein as an estimate [or the AA proportion of the rumen
undegraded protein will result in a significant underestimation. Although
arginine normally is readily degradable, it had a low degradability in this study,
especially for silage samples and at short incubation times. This is probably due
to previous degradation of the most available arginine during ensiling. The
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disappearance of crude protein and of total AA from the mobile bags were
similar. This means that for roughages in this experiment disappearance of crude
protein was a good estimate of both total AA disappearance and disappearance
of most individual AA.
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STRESZCZENIE

Rozklad w 2zwaczu i strawnos$¢ jelitowa bialka i poszczegélnych aminokwaséw roéznych pasz
objetosciowych oznaczona metody in situ

W osmiu réznych paszach objgtosciowych (kiszonka z koniczyny, 2 proby swicze koniczyny,
rajgras, kiszonka z calych roélin pszenicy, kiszonka z grochu, susz z trawy, rutwica lekarska)
oznaczano, stoswac metode i sitw, efeklywny rozklad w Zwaczu i rzeczywista strawnosc jelitowa
biatka ogdlnego, poszezegdlnych ammokwaséw oraz sumy aminokwasow {AA).

Ffekiywny rozktad w iwaczu bialka ogdlnege (przy tempie wyptywu 5%/godz.) byt wyzszy niz
oznaczony dla sumy aminokwasdéw (roinice wynosity od 1,9 do 4.1%). Arginina byla najwolnicj
rozkladanym aminokwasem, zwlaszcza w kiszonkach i dla krotkich czasow inkubacji w Zwaczu.
Cysleina i fenyloalanina rowniei wykazywaly tendencje do wolniejszego rozkiadu niz suma AA.
Najszybciej ubywajacymi aminokwasami byly alanina i prolina w kiszonkach oraz cysteina, kwas
asparaginowy i glutaminowy w pozostalych paszach.

Ubytck sumy AA z woreczkow mobilnych zawierajacych probki pasz po 16 godez. inkubacyi
w zwaczu wahal sig od 79,8 w suszu z traw do 95.9% w $wieze) koniczynie 1 byl podobny do ubytku
biatka ogdlnego wynoszacego, odpowiednio od 79,7 do 96%.

W wigkszosci badanych pasz ubytek cysteiny i glicyny z woreczké4w mobilnych byt najmnicjszy,
a kwasu glutaminowego, asparaginowego 1 alaniny najwigkszy w porownaniu z warlo$ciami
uzyskanymi dla sumy AA.





