Table 3. Performance of Lambs Weaned at 30 Days of Age and Lambs
Weaned at 70 Days of Age.

Weaned at Weaned at
30 days of age 70 days of age
ADG birth to TO-days 0.55 063
T-day weight 4854 56.9
ADG 70-days te mkt. |14 0.57
Avg, mkt. age 156 147
Avg, mkt. wt, 92.8 97.2

lowing fall, early weaning could prove useful in some situations. 1F a
sheepman wished to convert a group of spring lambing ewes to fall lamb-
ing schedule without sacrificing a complete lambing, early weaning could
aid in this conversion.

Adaptation of Sheep to Biuret as a
Nitrogen Source When Fed
Low Quality Roughages
R. R. Johnson

Story in Brief

Rumen fistulated lambs were utilized to study the adaptation ol
rumen microflora to biuret as a source of nitrogen. The lambs were fed
a low quality bermudagrass hay plus supplements containing either (1}
cottonseed meal, (2) biuret, (3) biuvret -~ cornmeal or (4) urea | cot-
tonseedd meal. There was little apparent effect of the nitrogen supple-
ments on digestibility of dry matter, organic matter or liber. Nitrogen
retention data was highly variable.

When rumen contents from the lambs were utilized as inoculum for
m wvitro cellulose digestion studies, there appeared to be no adaptation
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to the biuret as a source ol nitrogen since after feeding biuret for over
80 l'iil}-‘s. the inoculum still would not digest cellulose when biuret served
as the only in vitro source of nitrogen. On the other hand, when biuret
disappearance and ammonia appearance data were considered during
the conduct of the trial, there was definite evidence for adaptation of
the microflora to biuret. Ammonia appearance it wivo [rom biuret was
i'mmit[crubly more tapid on day 87 than on day 4 of the supplemental
feeding period,

The in witro biurvetolytic activity of the inoculum from non-biuret
fed animals was negligible throughout the entire study, Release of am-
monia from biuret was obvious at day 42 when the inoculum from biuret
fed animals was tested in oitro and was even greater on day B7, Disap-
pearance of biuret in vitro was slightly greater for the inoculum from
biuret fed animals ai day 14 and was markedly impmvcd in these inocula
in later periods of the study. The significance of these observations are
presently being studied in additional experiments.

Introduction

Previous work in Oklahoma and elsewhere has clearly demonstated
the need for supplemental protein for ruminant animals during the win-
ter grazing periods. 'T'his is true whether grazing native grasses or in-
troduced species such as bermudagrass. In fact, this protein supplementa-
tion constitutes, in many cases, the major portion of the feed cost for
g1 uziug animals. It is of interest, therefore, to continue to search for lower
cost supplements which will he acceptable and high in nutritive value,

Non-protein nitrogen has been utilized very successfully in protein
supplements For cattle and sheep being fed in the feedlot. The major
source of non-protein nitrogen in these supplements has been urea. The
relatively low cost of urea in recent years has made the substitution of
natural protein by urea a very economical practice,

MNumerous experiments have also been carried out in attempts Lo
utilize urea in range supplements with somewhat less success, Urea is very
quickly hydrolyzed in the rumen to the ammonia form of nitrogen,
This [orm of nitrogen can he rapidly absorbed from the rumen and may
be excreted or, under some circumstances, may cause an ammonia toxicity
in the animal, This condition is very unlikely in animals on high con-
centrate rations since the ammonia is rapidly utilized by the microorgan-
isms digesting the highly available forms of carbohydrates.

When dry roughages, such as those used in Oklahoma winter graz-
ing, are consumed there is very little of the highly available form of
carbohydrate. As a consequence, much greater chance for nitrogen loss
and for |m.“ilnlq: toxicity exist. Therelore, searches have been underway
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for other forms of nitrogen which are less toxic and still available for
utilization by the rumen microorganisms, One form which has been
studied recently is biuret. Biuret is a non-protein nitrogen source similar
chemically to urea but generally hydrolyzed much slower in the rumen.
Previous workers have shown that a considerable adaptation period is
necessary prior to the development of the ability for ruominants to utilize
biuret efficiently,

The project being reported here was initiated in early 1970 to study
the adaptation of ruminants to biuret when different torms of roughages
and concentrates were being fed. The results of the first years studies are
reported here.

Materials and Methods

Twelve lambs were [itted with rumen cannulas in the winter of
1970, Bermudagrass hay harvested in February from an ungrazed ber-
mudagrass plot was utilized as base feed throughout the entire study.
Although intended to he a very low qualil}' roughage, the crude pro-
tein content of this bermudagrass hay was approximately 9 percent on
a dry matter basis. The twelve lambs were divided into four groups and
fed the rations shown in Table 1. All lambs received 450 gm of chop-
ped bermudagrass hay plus the supplements as indicated daily. Since the
biuret supplement was very unpalatable, it was poured into the rumen
tllmugh the cannula each morning prior to feeding. During the course of
the experiment, one animal on supplement 2 died.

Table 1. Composition of Rations and Daily Feed Allowance for Biuret

Trial 1.
Daily Feed Allowances {(Grams)
Ration  Ration  Ration  Ration
1 2 3 4
Low Quality Bermuda grass hay 450 450 450 450
Supplement 1 168 o] e e
Supplement 2 Rl 45 oyl el
Supplement 3 s = 195 el
Supplement 4 — S i 179
Supplement Composition 1 2 3 4
%% o o %
Cotlonseed meal 89.3 =l LEL 41.9
Ground corn S AT 77.0 41.9
Biurct HEhe 60.0 15.8 s
Urea, 281 S s e 6.1
Dicaleium phosphate 3.6 13.3 31 3.3
Limestone 3.6 13.3 2.1 25
Trace mineralized salt 3.6 13.3 b | %
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Prior to the imbiation of supplemental feeding all ammals were
placed on bermudagrass hay plus cottonseed meal supplement for 14
days. During this period of time, one digestion trial was conducted con-
sisting of a 7-day collection period in which total feces and urine col-
lections were made in addition 1o accurate observations of feed consumjr-
tion. After the initiation of supplementation, digestion trials were con-
ducted at three different periods during the course of the 87-day feeding
period.

On days 4 and 87 of the supplemental feeding period, rumen sam-
ples were removed from each animal at 0, 1, 2, 4 and 8 hours after feed-
ing for ammonia and biuret analyses. On days 4, 14, 21, 42, 66 and 84
of the supplemental feeding period, the ability of the rumen microorgan-
isms to release ammonia from biuret was measured in witro in the labor-
atory. This was accomplished by taking a sample of the rumen contents
from each animal and mixing it with a known quantity of biuret and in-
cubating the mixture at 39°C for 24 hours. Samples were removed from
flasks at 0, 8 and 24 hours to determine the disappearance of the biuret
ancl the appearance of ammonia,

The ability of the riumen microorganisms to utilize biuret as a
source of nitrogen for the digestion of cellulose was measured using an
in vitre system in which the rumen microorganisms taken from each ani-
mal were used to innoculate flasks containing purified cellulose and all
of the nutrients required for their growth except for nitrogen. Cellulose
digestion was then measured in flasks which contained either (1) no
nitrogen source, (2) urea, which served as a positive control, or (3)
biuret.

Results and Discussion

Apparent Digestibilities. The coefficients of digestibility of dry
matter, organic matter, acid detergent fiber and kjeldahl nitrogen as well
as nitrogen balance are shown in Table 2. Statistical analyses of these
data have not been conducted as yet. It would appear that the digestibili-
ties of ration 2, the biuret supplemented ration, arve definitely lower than
the digestibilities for the other three rations, The most likely explana-
tion for this result, however, is not due to the nitrogen supplement it
self but to the fact that the three rations with the highest digestibility
contained either cornmeal, cottonseed meal or both. Cornmeal and cotton-
seed meal both have high digestibilities, whereas ration 2 did not con-
tain either of these high energy supplements.

The nitrogen digestibility of rations 2, 3 and 4 appear to be higher
than that for ration 1. Again this explanation is very likely due to the
fact that the latter three rations contain non-protein nitrogen which
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Table 2. Apparent Digestibilities and N-balance For Biuret Supplement-
ed Rations (Trial 1).

Measurement Period' Ration 1 Ration 2 Ration 3 Ration 4
Dry Matter, % 1 47.2 585 478 52,2
2 54.2 +6.5 51.8 55.6
3 52.8 45.8 54,3 52.8
4 505 At . FEL 51.8
% 52.5 46.3 55.7 53.4
Organic 1 49,4 604 50.2 53.9
Matter, %
2 57.1 49.3 54.9 58.0
3 54,1 47.5 56.0 54.8
4 52,3 48.0 56.9 53.9
B
x 54.5 48.3 55.9 55.6
Acid Detergent 1 #0.2 46.5 39.7 0.4
fiber, %
2 48.1 ia.8 36.7 43.2
3 44.0 36.7 35.5 37.9
4 44.7 18,0 39,5 40.7
E
X 45.6 7.8 37.2 40.6
Nitrogen, % 1 66.3 70.1 62.3 68.4
) 66.5 73.8 6B.6 73.4
3 9.6 76.7 76.2 72.1
4 GB.& 78.0 78.1 74,5
]
x 68.2 76.2 74.3 73.3
MN-balance, 1 3.66 2,52 3,34 5.02
gm/day
2 4.26 2.06 3.38 2.70
3 3.07 1.61 3.81 2.13
4 2,89 7.04 1.28 .35
-4
% 541 3.87 282 2,73

1 Perind | (Day —19 to —12), Pericd 2 (Day 6 1o 113, Period 3 (Day 24 to 30), Period 4 (Day
74 w 81} with Day 1 being the start of supplemental feeding.
2 Averages of last 3 perimds,

almost invariably increases the apparent digestibility of nitrogen. These
forms of nitrogen are absorbed and even though they may be excreted for
the large part they appear as digested nitrogen. The nitrogen balance data
is quite inconsistent and does not show any trends which are useful
When one compares periods 2, 3 and 4 within these data, there would
appear to be a slight decrease in dry matter and organic matter digesti-
bilities during the conduct of the trial, at least for rations 1 and 4. No
particular explanation can be offered for this at the moment.
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In contrast, nitrogen digestibility appeared to increase during the
conduct of the trial for rations 2 and 3, the biuret supplemented ra-
tion, whereas there was no significant change for ravons 1 and 4. This
result is not likely due to increased absorption of the nitrogen since the
bivret form of nitrogen would presumably be absorbable at any period
of the trial,

In vitro cellulose digestibility data. In vito cellulose digestibility
by the rumen microorganisms from two of the three animals on each
treatment was determined three days prior to the commencement of sup-
plementation and on days 12, 19, 39 and 80 after the commencement of
supplementation. The data from these determinations are shown in
Table 5. In all cases, the tubes containing urea as the source of nitrogen
had cellulose digestibilities which were considerably higher than the
control tube, the one without nitrogen, On the other hand, those tubes
containing biuret rarely had cellulose digestibilities which were any
higher than the control tubes suggesting that the biuret nitrogen could
not be utilized for cellulose digestion by these microorganisms. "T'his was
generally true for all of the animals whether they had been adapted to
biuret or not.

On days 39 and 80 there appeared to be slightly higher cellulose
digestibility in the tubes containing biuret nitrogen as compared to the
tubes containing no source of nitrogen. These slight apparent increases
in no way come close to the digestibilities supported by urea as a source

Table 3. Utilization of Biuret and Urea Nitrogen to Support In Vitro
Cellulose digestion' by Inoculum from Biuret Adapted and

Non-Adapted Lambs.
_'f';ial Ea}' {Percent)

Ration N-Source* T4 12 19 59 B0
s R 19.4 21.0 23.8 18.7 19.7
il L8] 44.7 46.4 46.1 42.0 S
B 23.2 21.1 23.2 18.9 2000
QO 23.0 12.9 6.1 20.2 22.6
2 u 41.3 292 46,2 42.6 it
B LT 153.9 23.9 22.6 27.4
L i8.5 14.4 151 16.5 190
q U 37.4 37.8 47.8 38.3 ==
B 18.6 14.1 14.7 24.3 25.3
8] 23.0 23.0 22.4 13.3 21.9

-+ u 43.9 354 53.1 40.4
B 20.9 21.7 21.6 12.4 21.8

! Data reported at % digestion of a change of 05 gm cellulose in a 20 ml volume e wira tobe.
Values are averages of two lambs,

Sli=MNo N-Source, Us=uren, Be=Bioret.

4 Uren was omitted inacdvertantly, Binret-contiro]l comparisen i5 valid, liowever.
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of nitrogen. Thus, biuret was Lunaidcrﬂhly less than optimal as a nitrogen
source, In this case, then, there appeared to be no marked evidence of
adaptation ol the cellulose [Iigesting mirmm’g:misms to biuret as a nitro-
gen source.

In vive rumen ammonia release from biuret, Figure | shows the re-
sults of the ammonia analyses on rumen samples taken from the sup-
plemented animal on days 4 and day 87 alter the initiation of supple-
mental feeding, The curves for rations 1 and 4 represent rather typical
curves in which natural protein (ration 1) or urea (ration 4) are utilized
as nitrogen sources. With the natural protein, there is a rather slow re-
lease of the ammonia and usually a falling off of the rumen ammonia
level due to utilization by the microorganisms,

With the urea supplemented rations, there is always a very rapid
rise in rumen ammonia due to the hydrolysis of the urea and a subsequent
gradual decrease due to both absorption and excretion as well as utiliza-
tion by the rumen microorganisms, There is no particular difference be-
tween the curves for days 4 and 87 for the cottonseed meal suppllr:ment.
The release of the ammonia from urea and cottonseed meal combina-
tions in ration 4 was very rapid on both days 4 and 87, but appeared to
fall off more rapidly on day 4 than 87,

RUMEN NH,, pg/mi

Figure 1. In Vivo NH, Release from N-Supplements,
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The data for rations 2 and 3 are much more striking and revealing.
In both cases, there is very little ammonia release on day 4 suggesting the
biuret was not being hydrolyzed or at least was not being hydrolyzed
fast enough for ammonia to accumulate. On day 87, however, with both
biuret supplemented rations, there was an obvious increase in ammonia
following feeding. ‘Thus, these data show clearly that there had been an
adaptation to biuret during this lengthy period and that on day 87 there
was obviously some hydrolysis of the biuret to ammonia, which then sug-
gests that utilization could occur,

Biuretolytic activity in vitro. The disappearance of biuret and the
appearance of ammonia during the in vitro ammonia release tests would
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Figure 2, NH; Release From Biuret in Vitro.
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be an indication of biuretolytic activity by the rumen microorganisms.
Figures 2 and 3 show the appearance of ammonia and the disappearance
of biuret, respectively, as the feeding period progressed. In Figure 2, it
can be seen that the ammonia appearance curves do not differ markedly
until the measurement taken on day 42, At that time, it would appear
that the inocula taken from biuret fed animals were beginning to re-
lease more ammonia from biuret than that taken from animals that had
not been fed biuret. On day 66, the results are rather similar 1o day 42.
On day B4, however, a considerable divergence in lines between those
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Figure 3. Biuret Disappearance in Vitro,
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fed or not fed biuret appeared. There is a very obvious increase in am-
monia appearance from the added biuret throughout the 24 hours with
the inoculum from animals fed ration 3 and very rapid release up to 8
hours with the inoculum from ration 2, with an apparent leveling off at
that point, Thus, these data also demonstrate adaptation of the rumen
]Ilit!'ut.‘rrgitlliﬁltls to biuret.

Figure 3 shows the biuret disappearance at these same periods. 'These
data suggest that hiurvetolytic activity started to a small degree by day
14 with ration 2 but was not markedly obvious until day 42 at which
point inoculum from both rations 2 and § hydrolyzed significant amounts
of biuret, In fact, on the basis of this evidence little additional biuretoly-
tic activity could be found on day #4. Thus, although adaptation to
biuret was indicated by both critera, biuret Llisappe:anuu_'e was evident
before increased ammonia appearance could be observed,

Conclusions

It is evident from these results that there was definitely an adapta-
tion of the rumen microflora to biutet as a source of non-protein nitro-
gen. The adaptation was not obvious in the digestion trial data, however.
On the other hand, in those studies designed to measure the ability of
the microflora to degrade the biuret to ammonia, there was very positive
evidence of this adaptation. Although the biuret disappearance measure-
ments suggesied that adaptation might begin as early as 14 days, the
ammonia appearance data would suggest that major adaptation took
42 days or longer.

This poses two interesting guestions. First, is the possible lengthy
adaptation of 42 days or longer impractical as far as useful feeding sys-
tems in the field. Secondly, even after adaptation, is the rate of release
of ammonia rapid enough to support proper rumen digestion. The an-
swers to these questions await further studies which are presently under-
way. This type of an experiment is presently being conducted again
using a lower quality native grass hay and further studies are plannexl
to evaluate the usefulness of this source of non-protein nitrogen.
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