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CHAPTER I
INTRODUCTION

Ruminant animals will occupy an even more -unique
position in terms of their future role as food sources for
human. consumption. The ruminant haslthe ability to convert
plant material into human food withbﬁt competing with the
human for his-plant food sﬁppiy nor even competing fér thé
land on which he grows his food, In addition to utiliziné
land Which i unsuitable .for érdp~producfion,.the ruminant
animal utilizes méﬁy by-products of plant food ﬁrodUcfion,
Fdr example,‘field stubbie ana hﬁlls from growing and
processihg of many grains for human consumptioﬁ.would have
little or no valué if they Were not used as feed ingredients
for ruminant diets.

Two unique.quélities of the ruminant which are
responsible for its.prominent position are: . the cépacity to
utilize cellulose and(hemiéellulosesband the ability of
rﬁmihal microorganisms to synthesize relétivelyfhigh quality
protein from lower quality protein or from non~pro£ein4
nitrogéna |

In recent years considerable time and effort have been
spent iﬁvestigating'the'utilization of non—proteinnhitrogen

as a supﬁlement to ruminant diets. Urea hés-long been and



will no doubt continue .to be one of the most widely used
non-protein—nitrogén'supplementsa The répid hydnolySislof
urea in the'rﬁmen and -the resulting increase in‘ammoniaA
concentfation.may result in a low effiéiehcy.ofuutilization
as well as tbxicity'to.the animal. 'Theée'prgalems are
particularly,fnoublesome when high roughage,diets are
consumed., The desire to fake advantage of non-protein-
nitrogen supplementation ahd avoid the problems of wastage
and toxicity‘from ufea,feedihg has stimulated interest. in
biuret as a possible nitrogen source,

‘Biuret is a condensation préddct‘of urea, It is non-
toxic, slowly hydroiyZed; and is particulafly attractive as
a supplemént to low'quality.roughage type\fationsa One of
the main obstacles to the wide acceptance of biuret és a
nitrogen supplement is the laé period between the initiation
of biuret feeding and the time when it is efficiently.
utilized. |

The purpose of this study was to further characterize
the effect of varyiﬁg levels'6f biuret and the addition of
low levels of sdluble.cérbohydrafe SOurces.upon;theArate and
extent of adaptation'td biuret in sheep fed high rbughagé

rations.



CHAPTER 11
REVIEW OF LITERATURE
Introduction

Because of the economic advantages in substituting
simple forms of nitrogen for protein in ruminant ration, a
large number of. experiments have been conducted in an
attempt to more clearly define the extent to which this
gubstitution can be practiced,

Since urea has emerged as the most commonly employed
non-protein-nitrogen source, it has become the generally
accepted reference source to which other non-protein-
nitrogen sources are compared. The following review will
include a discussion of nitrogen metabolism in the ruminant
along with a comparison of biuret with urea as a non-protein-
nitrogen source for ruminants. Particular attention will be
directed toward the adaptation period required for efficient
biuret utilization, and its importance when considering

biuret as a possible protein substitute.



Nitrogen Metabolism in the Ruminant

The Nitrogen Cycle

McDonald (1948) reported that while the general circula-
tory system contained only traces of ammonilia, the blood of
the ruminal veins contained significant amounts (the values
averaged 1.7 mg. ammonia N/100 ml. blood). Evacuation of
rumen contents and replacement with warm water reduced
ammonia concentration of blood in the ruminal vein to 0,93
mg./100 ml.; the addition of dilute ammonium acetate‘solu—
tion to the evacuated rumen resulted in a large increase in
ruminal veln ammonia concentration. In addition to this
evidence for ruminal absorption of ammonia, McDonald noted
substantial urea content in the saliva of sheep, With these
facts at hand McDonald proposed the nitrogen cycle for the
ruminant animal, Since this proposal was made an extensive
amount of literature concerning nitrogen metabolism of the

ruminant has accumulated.

Nitrogen Transfer Between Blood and Rumen

Houpt (1959%) showed that when urea was administered
into the jugular vein of sheep, 48~53 percent was utilized
when the animals were receiving a carbohydrate .supplemented
diet., Sheep fed low quality hay alone only utilized 22
percent of the injected urea. When the rumen-reticular
cavity was isolated from adjacent digestive tract parts and

the contents replaced with a saline (0.9 percent NaCl)



solution,; an overall urea transfer rate from blood to the
rumen of 5.2 mmole urea-N/hr.was observed in .sheep. Since
salivary urea secretion rates Werevonly 0.3 mmoles urea-
N/hr, it was emphasized that 16 times as much.urea.passed
directly from the blood to rumen aé moved by way of saliva.
Nolan and Leng (1972) reported data which departed‘rather
drastically from those of Houpt, in which they proposed fhat
the quantity of urea appearing as ruminal ammonia could be
complétely accounted for by a total salivary flow of 8 1l./d.
assuming that_fhe concentration of urea in mixed salivary
secretions was 60 percent of that in plasma. Usiﬁg‘an
isotope dilution techniciue5 Cocimano and Leng (1967) have
shown that 73-92 percent of the urea entering the body pool
is degraded in the alimentary tract, and that about 8U
percent of this is converted into compoﬁnds more complex
than amrﬁon;iao

Houpt and Houpt (1968), using surgically constructed
rumen pouches have shown that there is a linear relationship
between the net transfer of urea acréss the rumen.wail and
the concentration difference of urea between the‘bldod and
rumen contents. It was hypothesized that.urea.paéses
through the rumen wall by a diffusion process which is
facilitated by ureasé.penetration of the epithelial layers
of rumen wall tissues. Urea is thus.hydrolyzed to ammonia
and carbon dioxide within the rumen wall which enhances the
rate of nitrogen transfer into the rumen. Weston and Hogan

(1967) showed that with sheep on a low protein diet a limit



to the net transfer of urea from blood to the rumen occurred
at plasma urea concentrations of 16-18 mg. N/100 ml. This
suggests a more complex mechanism than simple diffusion is
involved. Vercoe (1968) confirmed that a similar sgituation
exlgts 1in cattle, and reported that the limit to net
transfer occurred at a plasma urea concentration of 12 mg.

N/100 ml.

Urinary Excretion of Urea and Biuret

Much of the nitrogen which enters the plasma pool is
excreted in the urine and is unavailable for utilization by
rumen microorganisms or by body tissues. Energy availabili-
ty is an important limiting factor involved in nitrogen
utilization. Houpt (1959) reported that 78 percent of
intravenously injected urea was excreted in sheep receiving
diets not supplemented with carbohydrate. When the diet was
supplemented with carbohydrate only 48 percent of the in=-
jected urea was excreted in the urine, Cocimano and Leng
(1967) showed that urea excretion varied with protein intake.
Shéep on a low-protein ration excreted 10~25 percent of urea
formed in the body. This percentage increased as the pro-
tein intake increased. Hatfield et al. (1959) reported that
27 percent of the biuret intake of lambs fed a biuret
supplemented ration, appeared as biuret reacting material in
the urine. Gray and Clark (1964) showed that 20~30 percent
of the biuret dosed via rumen cannulae to lambs was exereted:

as such in the urine. Hinman (1971) reported 70.4 and 80.3



percent recovery of intravenously-infused biuret in the

urine of sheep within 48 hours when fed cottonseed meal and

biuret plus cottonseed meal rations respectively. Farlin

et al. (1968) demonstrated urinary recovery of 34 percent of
0

the Thc intravenously-injected as biuret~1uc within 48 hours

post-injection,
Non-Protein Nitrogen Utilization

Hydrolysis of Urea and Biuret

Pearson and Smith (1943) found that ruminal urease
activity is consistently high and the enzyme 1s not secreted
by the ruminal mucosa. They reported that 100 g. of rumen
contents could convert 100 mg. of urea to ammonia in one
hour. Similar results obtained by Bloomfield et al. (1960) .
placed urea hydrolyzed at 80 mg. urea-N per hour per 100 ml.
of rumen fluid. Hungate (1966) states that high concentra-
tions of urease are not necessary, since this enzyme 1s
extremely active. Bauriedel (1971) reported that urease
activity was not localized in any fraction of the rumen
con‘tenté9 while biuretase activity was greater in the plant
debris fraction of the rumen contents.

Biuretolytic activity in the ruminant when biuret is
not a component of the diet is negligible (Gilchrist et al.,
1968; Oltjen et al., 19683 Schroder and Gilchrist, 19693
Bauriledel, 1971; Johnsen and Clemens, 1973), however,
biuretolytic activity is developed subsequent to its

incorporation into the diet. Using 15N~biuret in an



in vitro fermentation system, Bauriedel (1871) .presented

15N.of biuret appears primarily .as lSNH3,

evidence that the
but if nutrients are added to rumen fluid medium .to promote
microbial growth, incorporation of 15NH3 into microbial
protein is simultaneously promoted. Waite and Wilson (1968)
reported that the replacement of oilcake nitrogen with
biuret nitrogen resulted in increased non-protein-nitrogen
concentrations in.the rumen fluid and decreased ruminal
ammonia concentrations. If the oilcake was replaced with
urea non-protein-nitrogen concentrations were intermediate
between those produced by oilcake and those produced by
biuret, however, ruminal ammoniavlevels were the highest
produced by any of the three diets. Bauriedel (1971)
isolated cell~free extracts from rumen microorganisms that
were shown to possess biluretase activity. The enzyme was
characterized as distinct from urease, but urease may
~participate in the complete hydrolysis of biuret to CO2 and

NH3 o

Toxicity of Urea and Biuret

Ruminal hydrolysis of urea usually proceeds at a faster
rate than ammonia assimilation. This results -in a decreased
- efficiency of utilization and produces toxic effects in the
animal if blood ammonia nitrogen levels become sufficiently.
high. Repp et al. (1955) reporfed that jugular bloed.
ammonia nitrogen levels exceeding 1.158 mg./100 ml. resulted

in acute toxicity which leads to death of the lamb.



Clinical symptoms of ammonia toxicity were observed when
blood ammonia nitrogen levels exceeded 1.0 mg./100 ml.
Administration of 40 g. of urea to lambs resulted in
toxicity and death. Twenty-five g. of urea administered to
lambs as a drench (Meiske et al., 1955) resulted in slow
feed consumption and labored breathing. Drenching with
28.5 g resulted in acute toxicity and death. Word et al.
(1969) showed that drenching of pregnant cows with urea at
0.44 g./kg. body weight resulted in toxicity and death.
Severe toxicity occurred in cows (Webb et al., 1872) when
blood ammonia nitrogen concentrations rose above 0.7 to
0.8 mg./100 ml.

Berry et al. (1955) demonstrated that biuret. fed to
lambs at levels up to 68 g./day had no toxic. effect. Steers
fed biuret at 1.75 percent of their total diet showed no
signs of toxic effectsg. The feeding of 375 g. of biuret to
a 146 pound ewe (Hatfield et al., 1959) did not produce any
visible toxicity symptoms or indications of unusual after
effects. In another test, no toxic symptomg were exhibited
by ewes receiving 30, 60 or 90 g. of biuret by drench. In a
third test 275 go of biuret administered as a .drench caused
some signs of distresgs within the first 36 hours after
drenching and a large amount of biuret crystallized out of
the urine. Clark et al. (1963) showed that biuret was non-

toxic in sheep that were adapted to biuret.
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Adaptation

It has often been observed that there is a lag phase
involved in which there 1s little or no beneficial response
to biuret feeding. McLaren.et al. (1959) found thét'retenn
tion of absorbed nitrogen by lambs fed bluret, .increased as
a function of the length of the preliminary period. Maximal.
nitrogen retention was obtained after 30-40 days of-
receiving the diet. An increase in nitrogen balance when
lambs started on a biluret éontaining diet were inoculated
with rumen fluid from lambs previously adapted to biuret was
demonstrated by Ewan et ii; (1958), This indicated that the
feeding of biuret enhanced biureteolytic activity and that
the factors. responsible for the increased activity could be
transferred with ruminal ingesta from one animal to another.
Mackeniie and Altona (1964) showed that addition of biuret
to a basal ration of low quality veld hay reduced the
weights lost by yearling ewes, but the live-weight responses
were delayed by four weeks. The maximal response was not
obtained until the eighth week of supplementation. Using an
in vitro biuret disappearance technique, Gilchrist et ila
(1968) feported that no biuretolytic activity‘was‘present in
lambs that Qere not fed biuret. After biuret féeding began,
measurable activity was observed within one to two weeks.
Maximal activity was not reached until the third to fifth
week of biuret feeding. Many workers, including Gilchrist .
et al. (1968); Schroder and Gilchrist (1969) and Clemens and

Johnson (1973), have shown that addition of soluble
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carbohydrate to the diet enhances the rate of.adéptation to
biuret by varying degrees. The amount of preformed pretein
present in the diet also plays a role in biuret adaptation.
Schroder and Gilchrist (1969) encountered a.décneased
adaptation rate when lambs on a high protein basal diet were
dosed with 15 g. of -biuret as compared to lambs feceiving
lower levels of‘protein in their basal diet. Lambs receiv-
ing basal diets containing 10.3 percent crude protein
reached peak activity after 13 days of biuret dosage.
Clemens and Johnson (1973) repofted that when biuret sup-
plied less than 15 percent of the digestible nitfogen
requirement little or no biuretolytic activity was observed.

When biuret 1s removed from the ration there is a rapid
loss of biuretolytic activity. Schroder and Gilchrist
(1969) described de-adaptation as a rapld process, occurring
within 1=5 days after removal of biuret from the ration.
Clemens and Johnson (1973) observed that biuretelytic activ-
ity was greatly reduced by day 2 and completely lost by day
4 after biuret removal from the ration. After de-adaptation,
the re-establishment of biuretolytic activity is a progres~
sive processg similar to that for initial adaptation
(Schroder and Gilchrist, 1969).

In view of the rather prolonged biuret adaptation
pericd and its rapid de-adaptation response, .a problem is
pésed regarding the most effective manner of administrétion
of the supplement. General feeding practices under range

conditions vary from daily feeding of supplements to orce or
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twice weekly feeding. Clemens and Johnsen (1373) reported
that lambs receiving .biuret containing supplement at,
intervals of one or two days were able to develop and main-
tain a substantial amount of biuretolytic activity. Animals
supplemented at four day intervals were unable to develop or
maintain a subsgtantial amount of biuretolytic activity. In
another experiment they demonstrated that steers which had
been previously adapfed,to,biuret could maintain biuretoly-
tic activity when supplemented at one and two day intervals,
but not when supplemented at four day intervals,

Another posgible method of supplementation is ad
libitum feeding. Mackenzie and Altona (1964) found that
veluntary intake of a lick containing three parts crude
biuret,; two parts bonemeal and one part salt was sufficilent
to meet the nitrogen reguirements for maintenance of body
weight of sheep and cattle on poer quality roughage.

When lambs on the range had access to a biuret contain-
ing lick three times weekly (Torrell et al., 1972), no
beneficial response was obgerved. No improvement in lambing
performance was observed when biuret and salt were fed in
compariscon with salt alone. Two possgibilities exist here,
first, the. lambs may not have voluntarily consumed adequate
biuret. to maintain biuretolytic activity, and .second, the
lambs may not have been fed at close enough intervals to

maintain activity.
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Biuret in Ruminant Rations

Urea has geperally performed well when used to supple-
ment high energy or fattening type rations. . Performance of
urea, however, has been disappointing and hazardous in low
energy, high roughage feeding programs for cattle aﬁd sheep.,
Biuret has created considerable interest as a potential
nitrogen supplement under the latter conditions., - Its
properties of being non-toxic and palatable when fed with
low quality roughage make biuret an attractive possibility
for this type of feeding program,

Belasco (1954) found that in vitro cellulose digestion
when biuret was added as a nitrogen source was only seven
percent of that occurring when urea was added as a nitreogen
source. He was unaware, however, of the adaptation require-
ment for biuretolytic activity. The rumen ingesta used for
inoculum were from unadapted -animals, thus his lack of
regponse is not surprising-.

The fact that biuret was non-toxic (Repp et al., 1985)
still held the,interest.ofvseveral investigators. Meiske
et al. (1955) found that addition of biuret or crude biuret
to a 7.13 percent crude protein diet, significantly
increased average daily gain. and feed efficilency of lambs.
These increases were equal to those produced by the addition
of urea, or replacing part of the corn with soybean oil
meal.

Many workers (Meiske et iifs 19553 Anderson et al.,

1959; Clark et al., 1963; Mackenzie and Altona, 1964;
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Oltjen et al., 1969) have demonstrated‘fhat biuret is
effective in maintaining positive nitrogen balance .and
growth under a variety .of feeding regimes. Anderson et al.
(1959) reported the digestibility of organic matter, protein,
crude fiber and nitrogen free extract were not significantly
changed when crude biuret supplied 50 percent of the supple-
mental nitrogen. However, when 100 percent of the
supplemental nitrogen was supplied by crude biuret, the
apparent digestibility of protein in the diet decreaséda
Whén pure biuret supplied 100 percent of the supplemental
nitrogen instead of urea, nutrient digestibility and
nitrogen utilization decreased. Clark et al., (1963)
observed that no differences in nitrogen balance or apparent
nitrogen absorption occurred between biuret and urea supple-
mentation., Hay consumption was increased by both urea and
biuret but the response due to biuret was more delayed.
Mackenzie and Altona (1364) showed that biuret was a
suitable substitute for urea in steers and lambs fed low
quality (4.12 percent crude protein) veld hay. 0ltjen

et al. (1969) reported that biuret fed to steers was
retained as efficiently as urea after adaptation had:
occurred. In a growth study where twice daily feeding was
practiced biuret-fed steers consumed 15 percent more feed
than did the urea-=fed animals (non-protein-nitrogen sources
compriéed 50 percent of the total dietary nitrogen).
Ammerman et al., (1972) presented evidence showing that

biuret plus an energy source increased hay intake and
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improved apparent digestibility of nitrogen in .lambs.
- Biuret gave a response similar fo that‘ebtained with eilither
soybean meal or cottonseed‘meela
| Several researchers (Raleigh and Turner, 1969;

~Mackenzie and Altona, -1964; Van Horn gi\ilo;.1969) have
shown that biuret can be utilized as a nitrogen supplement
to low quality roughage diets;pnder range conditions.
Raleigh and Turnere(1969)>reported that heifefs on a lew
.quality roughage diet supplemented with biuret gained
significantly‘more (0,11 kgu/hd;/day)'than‘groups receiving .
either urea or cottonseed meal as nitrogen supplements,
Using'a.lick compesed of crude;biufets‘bonemeal and salt,
Mackenzie and Altcna .(196Y4) demonstreted-that'sheep allewed.
-to consume the lick gained weight, while those.not‘supplee
‘mented sufferedUrapid,weight lese. Livewelght response was.
immediate (first week) coentrary to expected performance of
unada:pted‘animalsu In a second experiment withlcattle, the
liveweight response was slewer, and enly. became evidenf four
weeks after supplementatien began. Van Horn et al. (1969)
reﬁerted that biuret was asg efficient as QPea in‘maintaining
weight gain, fleece weight, percent lambs‘Weanedaand peurnds
ofblemb weaned per ewe, when fed as nitregen?supplement'for
range ewes. Gray et al, (1972) reported that biuret was.
as effective as,natural,protein-f@r,maintaining.growth rate
in steers fed finishing rations:

Some wdrkere (Gilchrist et al.; 1968; Schroder and

Gilchrist, 1969) have shown an increased respense to biuret
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when the addition of a readily fermentable carbohydrate
source is made. Gilchrist et al. (1968) reported that addi-
tion of maize meal to the diet resulted in a three fold
iincrease in biuretolytic activity. Schroder and Gilchrist
(1969) demonstrated that addition of maize meal resulted in
the maintenance of higher levels of biuretolytic acfivityo
However, Clemens and Johnson (1973) when investigating the
rate of adaptation to biuret, reported that high levels of
concentrate (40 and 60 percent) were favored through day 4.
By day seven and for sampling'days subsequent to day seven,
the rate of adaptation and extent of biuret hydrolysis
progressively favored the 20 percent corn starch diet.,
Mackenzie and Altona (1964%) showed that a biuret lick was
effectively utilized without the addition of readily

fermentable carbohydrate.



CHAPTER III
MATERIALS AND METHODS
Introduction

Two experiments were cdnductgd to study the effect of
level of biuret supplementation and leow level addition of
soluble carbohydrate upon the rate of adaptation fo biuret
as a nitrogen source for ruminants. Wetherilambs fitted
with permanent rumen cannulae were used in each experiment.

Rumen contents were femo&ed at intervals throughout the .
trial for use in the in vitro biuret~disappearancé étudiesc'
After a 35 day adaptétion-périod3 rumen contents from the
experimeﬁtal animals were used to study in vitro cellulose

digestion when urea, biuret or ne nitregen source was added.
Experimental Animals, Equipment and Diets

Experiment 1

This experiment was designed to measube the effect of
three levels of biuret supplementation upon the rate of
adaptation to biuret., Nine wether lambs equipped with
permanent rumen cannulae were alloted to three treatments of
three lambs each and placed in metabolism stalls. Each

animal was individually fed approximately IQOOO'ga/day of a

17
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high roughage ration during the experiment. Water was
Available at all times. All rations contained about 80
percent cottonseed hulls and biuret proVided?D9 50 and 80
percent of the total nitrogen in rations 1, 2 and 3
respectively as shown in fable I.  The rations :were iso=-
nitrogenous and each cohtained"about the same concentrate
level., Sodium sulfate was added to give a nitrogenisulfur
ratio of about 12:1. The lambs had not received biuret
prior to the beginning of this trial and were without

biuretolytic activity at the start of the experiment.

Experiment 2

This experiment was designed to measure the effect upeon.
biuret adaptation, of low level additions of twe soluble
carbohydrate sources. Either dehydrated cane.molassés,
dehydrated alfalfa or a combination of the two wefe utilized
as the soluble carbohydrate sources. Twelve wether lambs
fitted with permanent rumen cannulae were alloted to six
treatments (two lambs per treatment) iﬁ a 2 x 3 factorial
arrangement. The treatments emﬁloyed are shown in Table II.
Treatment 1 was a control diet which contained no molasses
or alfalfa. Treatments 2,and 3 contalned no molasses and
alfalfa was added as 2 and 8 percent of the rations,
respectively. Treatments 4, 5 and & contained 5 percent
molasses and 0, 2 and 8 percent alfalfa, respectively. The
lambs were kept in metal pens on concrete slatted floers.

They were individually fed approximately 1,000 g./day of the
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TABLE I

COMPOSITION OF RATIONS 1,2
TO SHEEP IN EXPERIMENT 1

FED

% composition, air dry basis

1 2 3
Ground corn 6.66 11.09 13.06
Soybean meal 10.14 4.84 -
Cottonseed hulls 81.63 81.30 83.00
Biuret> 0.54 1.38 2.14
Na2 804 0.19 0.49 0.77
Dical. phos, 0.11 0.22 0.39
Ca CO3 0.12 0.10 0.02
Trace mineral salt 0.61 0.61 0.61
Lin addition 2.75 g of vitamin A (30,000 I.U./gm.) and

1.04 g. of vitamin D (12,000 1.U./gm.) were added per 100 kg.
of ration.

2

3Biuret was "pure,
of nitrogen as biuret.

All rations were isonitrogenous.

" containing greater than 95 percent



TABLE II
TREATMENTS EMPLOYED IN EXPERIMENT 2

% of ration, air dry basis

1 Dehydrated Dehydrated
Treatment Molasses Alfalfa
1 0 0
2 0 2
3 0 8
4 5 0
5 5 2
6 5 8

1Rations fed to animals in experiment 2

are shown in Table III (two animals/treatment).

20
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rations shown in Table IIT. All rations contained approximate=
ly 80 percent cottonseed hulls and were calculated to be
isonitrogenous and isocaloric., Biuret supplied 50 percent .
of the nitrogen present in each ration. As in experiment 1,
water was available at all times and sodium sulfaté was

added to give a nitrogen:sulfur.ratio of about l?élo Lambs
employed in this experiment had not previously received
biuret and were without biuretolytic activity at the begin-

ning of the trial.
Rumen Sampling and In Vitro Procedures

In Vitro Biuret Disappearance

Biurétolytic activity of the rumen contents was deter=-
mined on selected days within each experiment. Day zerol
samples were taken in.the morning, prior to feeding on the
first day of biuret supplementation. During experiment 1,
subsequent sampling 6f.rumenv¢ontents was performed on days
3, 5, 7, 10, 14, 21, 28, and 35 after initiation of biuret.
feeding. Rumen contents were collected using a rubber hose
inserted through the cannula and attached to a.500 ml.
collecting flask. All collections were performed :-prior to
feeding on the day specified. Immediately after sampling,
375 ml. of whole rumen coentents were mixed thoroughly with
125 ml. of 1 percent biuret solution in a 500 ml, wide mouth
flask. A 100 ml. zero time sample was removed and the
flasks were placed in a water bath and incubated at 39°c,

with a constant bubbling of carbon dioxide through the



TABLE III

1,2

COMPOSITION OF RATIONS FED TO SHEEP IN EXPERIMENT 2

% composition, air dry basis

1 2 3 4 5 6
Ground corn 13.42 11.95 10.69 8.81 7.28 6.57

 Soybean meal 2.32 1.84 0.02 2.09 1.62 --
Cottonseed hulls 80,00 80,00 76.95 80,00 80.00 76.22
Dehydrated molasses == - == 5.00 5.00 5.00
Dehydrated alfalfa - 2.00 8.00 .= 2.00 8.00
Biuret> 2.41 2.41 2.41 2.41 2.41 2.36
Dical. phos. 0.28 0.17 0.08 0.14 0.07 0.05
Monosodium phos. 0.05 0.14 0.44 0.19 0.29 0.57
Sodium sulfate 0.92 0.89 0.80 0.76 0.74 0.63
Trace mineral salt 0.60 0.60 0.60 0.60 0.60 0.60

1In addition 2.75 g. of Vitamin A (30,000 I.U./gm.) and 1.05 g. of Vitamin D (12,000
I.U./gm.) were added per 100 kg. of ration.

2 . . . . .
Rations were isonitrogenous and isccaloric.

3piuret was "pure," containing greater thaa 95 percent of nitrogen as biuret.

(A4
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contents to maintain anaerobic conditions. Additional 100
ml. samples were taken from each flask after 8 and 24 hours
of incubation. The samples were mixed with 2 ml. of 10
percent sulfuric. acid, -strained through two layeré of
cheesecloth and stored until analysis was performed.

Samples collected during experiment 1 were frozen at -20°%,
until‘analysisa‘ Samples collected during experiment 2 were
not frozen, but were refrigerated until the biuret analyses
were performed, Prior to analysis the samples were centri-
fuged at 14,000 x g. for 10 minutes. Biuret was determined:
by a modification of the Gilchrist et al. (1968) technique,
as described by Johnson and Clemens (1973). The biuret
determination procedure is described in detail in the
Appendix. Biuret present in the sample was expressed as
mg. of\biuret/lOO ml. of rumen contents. Caiculation of the
biuret content in samples was made using the following

formula:

_ optical density unknown standard

mg. Biuret/100 ml. = optical density standard ¥ concentration

dilution

factor x 10

In Vitro Cellulose Digestion

After the lambs in each experiment had received the -
biuret supplementation for 35 days, an in vitro cellulose
digestion trial was performed. Two repliqates were conducted
for each experiment. In vitro cellulose digestibility was

determined by methods described by Johnson et al. (1969)
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u§ing purified wood cellulosel as a substrate, Tubes
containing 0.5 g. cellulose plus a mineral and buffer media
(Table IV) and either no nitrogen source biuret or urea were
inoculated with 10 ml. of strained rumen fluid. In nitrogen.
supplemented tubes, biuret or urea was added so that 12 mg.
of nitrogen was supplied by each of the respective sources.
Rumen liquor was collected.in the morning prior to feeding
in the same manner described for measurement of biuretolytic
activity. - Thé tubes were incubated at 39°C. with continuous
carbon dioxide gassing for 30 hours. The pH was adjusted to
6.9 at the beginning of each trial and again at the 8 and. 24
hour points during incubation. At the termination time,
fermentation in:all tubes was stopped with mercuric chloride
(0,5 ml.) and the samples were refrigerated until analysis
was conducted. Cellulose was determined on the tube contents.

by the Crampton and Maynard (1938) method.

Statistical Analysis

Analyses of variance were conducted according to the
methods outlined by Snedecor and Cochran (1967). In experi-
ment 1, levels of significance were determined for
differences between level of biuret feeding and sampling
days. In experiment 2, levels of significance were deter--
mined for differences between carbohydrate sources and

sampling days. For cellulose digestion data in both

lSolka Floc, Brown Paper Co., Berlin, N. H.



TABLE IV

MINERAL AND BUFFER MEDIA FOR
CELLULOSE DIGESTION

25

Reagent

Amount per tube

Na,GO0, , 200 g. /1. -

Biotin , 10 mg./ml.

Valeric Acid , 5 mg./ml.
FeCly . 6 H,0 , 4.4 mg./ml.
5 + 2 Hy0 , 5.29 mg./ml.
Mineral Mix

CaCl

Na,HPO, 56.5 g./10 1. .
NaH, PO, 54.5 g./10 1. :
KCL 21.5 g./10 1.
NaCl 21.5 g./10 1.
MgS0,-7 H,0  5.82 g./10 1.
Naso, 7.5 g./10 1.
Total

0.25 ml,
0.25 ml.
1.50 ml.
0.25 ml,
0.25 ml,
5.00 ml.

7.50 ml.
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experiments, levels of significance were determined for
differences betweeh nitrogen sources. In both experiments,
the location of. significant treatment differences was
determined - using Duncan's New Multiple-Range Test (Duncan,

1855),



CHAPTER IV
RESULTS AND DISCUSSION
Experiment 1

In Vitro Biuretolytic Activity

The biuret concentrations of in vitro media prepared
from lambs in these experiments were quite variable due to
the variation in the liquid composition of rumen liquor.
This inherent variation makes biuret concentration data
somewhat confusing. In the interest of acquainting the
reader with biuret levels that were generally encountered,
average biuret concentrations of in ziﬁzg media are shown in
Table V. Biluret concentrations are expressed as the mg. of
biuret]preSent per 100 ml: of in vitro media. Initial
biuret concentrations ranged from 217-345 mg., per 100 ml,

The lowest concentrations were observed after incuba-
tion of media prepared from adapted animals (colléction days
28 and 35) and were in the range of 40-50 mg. per 100 ml. of
in vitro media. Adapted animals receivingithe higher levels
of biuret supplementation (50 and 80 percent of total dietary
nitrogen) were able to degrade about 183 mg. of biuret per
100 ml. of in vitro media in a 24 hour incubation period on

collection day 35, while animals receiving the low level of

27



AVERAGE IN VITRO BIURET CONCENTRATION OF FLASKS
PREPARED FROM ANIMALS IN EXPERIMENT 2
AFTER VARIOUS PERIODS OF FEEDING
THREE LEVELS OF BIURET

TABLE V

28

Level of biuret2 and hours of incubation

Collection 20 50 80
day 0 24 0 24 0 24
0 345 340 284 324 264 340
3 247 205 267 205 305 281
5 346 242 309 189 303 227
7 246 192 237 160 266 156
10 251 170 217 67 233 127
14 233 167 264 108 262 122
21 245 161 265 92 241 104
28 250 169 232 84 233 51
35 241 146 242 59 225 42
1

of in
2

nitrogen furnished by biuret.

Biuret concentrations expressed as mg. biuret/100 ml.

vitro media.

Biuret levels are expressed as the percent of dietary
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biuret (20 percent of total dietary nitrogen) only degraded
about 95 mg. of biuret per 100 ml. of in vitro media.

To facilitate fhe.comparison of biuretolytic activities
on different treatment-time combinations, the percent
disappearance of the original biuret concentration (zero
time) during the incubation period was calculated and is
reported in Table VI and Figures 1, 2 and 3. On collection
day 0, an apparent net increase in biuret present in solu-
tion was observed with incubation of in vitro 'media prepared
from animals réceiving 50 and 80 percent of their dietary
nitrogen as biluret (Table VI). In vitro media prepared from
lambs receiving 20 percent of their dietary nitrogen as
biuret did not show a similar increase on day 0. Four
possible explanations for the increased biuret concentrations
observed in media prepared from lambs on ration treatments
2 and 3 will be offeréd,‘ Howéver, none of these posgibili-
ties was tested by this author. First, biuret could be
synthesized by the microbial population during iﬁcuba‘tion°
This appears extremely unlikely however, in view of the fact
that biuret is not‘a common constituent of rumen liquor in
animals not fed biuret. If indeed, the rumen microorganisms
did synthesize biufet, it is doubtful that a marked adapta-
tion response would be observed since the animal would be
inherently pre-conditioned to biuret. A second possibility
which exists is a determination error, either éaused by an
analytical error or the presence of an interfering substance.,

This possibility seems remote, since duplicate determinations



PERCENT OF INITIAL BIURET REMAINING IN THE
IN VITRO MEDIA AFTER INCUBATION

TABLE VI

30

Level of biuret2 and hours of incubation

Collection 20 50 80
day 24 8 24 8 24
0 96.2 98.7 104.4 114.1 128.3 144.4
3 92.5 83.7 90.4 76.3 96.9 92.3
5 75.6 71.1 80.9 61.8 91.1 74.9
7 82.0 79.2 91.2 169.4 81.7 59.1
10 82.1 67.9 83.9 29.6 87.6 53.9
14 79.1 71.9 74 .4 40.3 79.2 47.1
21 85.6 66.1 76.4 34.6 82.7 42.7
28 86.7 67.9 78.5 33.9 69.7 23.2
35 85.2 60.3 75.0 24.0 73.9 18.5

lBiuret expressed as the percent of initial biuret
still present after 8 and 24 hours of incubation.

2

Biuret levels are expressed as the percent of dietary
nitrogen furnished by biuret.



were made on two separate days with similar results, and
this problem was not encountered with any other samples
collected during the two experiments. A third possibility
is that of formation of a complex at the time of biuret
addition to the media which i1s subsequently dissociated
resulting in the release of biuret. Tiwardi et al. (1972)
reported the disappearance of 20 percent of the biuret:
added to rumen fluid within 15 minutes. They proposed the
fofmafion of a relatively stable pretein-biuret complex when
biuret was first mixed with fresh rumen. fluid. Should this
occur, this complex wohld be removed from thé fluidxin the
protein precipitation step in the biuret analysis, yielding
falsely low values for initial biuret. If this biuret was
‘subsequently released after 8 or 24 hours of incubation,
then there would be an apparént increase in biuret content

at those times. The low zero time biuret levels for the 50

and 80 percent groups in Table VI support this theory. In

vitro media prepared from lambs on ration 3 showed a 44
percent increase in biuret content after 24 hours incubation
‘which is ovér twice that reported by Tiwari et al. (1872).

A foﬁrth feasible explanation woqld‘be'tﬁe solubilizatien of
insoluble biuret inadvertently added to the in vitro system
during sample‘preparation°, The one percent biuret solutiocn
used in preparing the in vitro flasks had been prepared
during a previoué trial and had been standing fof about 3
weeks prior to the initiation of this trial. A small amount

of biuret had precipitated out of solution and was present
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as sediment in the bottom of the bottle. it-appears
possible that seme of this biuret was added to the flask but
was insoluble and removed. during prepafation for analysis
of zero hour samples. Placing the .in vitro flasks in a warm
water bath (39°C.) under presumably, slightly acid conditioens
and a bubbling stream of carbon diexide may have resu;ted in
solubilization of the biuret and measurement in samples
removed subsequent to the zero hour sample,  On the remaih-
ing sampling days, biuret was prepared fresh, filtered and
ne increases in biure% concentration during incubatien- were
observed. It is of further interest to note that the flésks
invquestion‘were among the last prepared and some of the
. sedimented material had no ddubt been mixed during removal
of the_bottie contents., For»ﬁnexplained reasons, the phene~
mena did not oeccur in the lambs fed ratiens cohtaiﬁing 20
percent of their dietary nitregen as biuret nor did‘it'aﬁpear‘
to be a significant problem on subsequent test days. |
The biuret adaptation response was: evident in this
experimeni as indicated by the highly significant (P<.081)
period effect., Table VII and Figures 1, 2 and 3 illustrate
the rate of biuret adaptatien of rumen contents of lambs in
experiment 1 as measured in vitro. No biuretelytic activity
was evident on day zero. This agrees with work reported
previbﬁsly by Schroder and Gilchrist (1869), Johnsen and
Clemens (1973) and Clemens and Johnson (1973)., Lambs
receiving ratioen 1 (20 percent total nitrogen as biuret)

showed a significant (P<.08) increase in biuretolytic



TABLE VII

IN VITRO BIURET DISAPPEARANCE FROM ANIMALS IN
EXPERIMENT 1 AFTER VARIOUS PERIODS
OF BIURET SUPPLEMENTATION

Period2

Rationt 0 3 5 7 10 14 21 28 35

Percent loss of initial biuret3

1 1.32  16.328P  928.9P¢  9g.gPc 35 1bc  9g jbe 33 gPc 35 jbc g9 4C
2 -14.12  23.7°  38.2P¢  30.6PC  70.4%9  59.7°¢  65.4%4  66.1°9  76.09
3 44,62 7.7° 25.1P¢  40.9PC  46.1%9  59.9°d  57.3¢d g4 84 gy 5d

1Rations 1, 2 and 3 contained 20, 50 and 80 percent of total nitrogen as biuret,
respectively.

ZWhen reading across the periods within a given ration, numbers without a common
superscript are significantly (P<.05) different.

3Biuret expressed as the percent of initial biuret disappearing after 24 hours of
incubation.

£e
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activity by day 5, At_this,timé they were showing disappear-
ance of about 29 percent of the initial biuret in 24 hours
of incubation. Although the increase in biuret adaptation
between days 5 and 35 was non~significant (P>,05), lambs fed
ration 1 displayed maximum biuretolytic activity on day 35
with about 40 percent disappearance. The slow rate of
adaptation and low level of biuret utilization observed here
support speculation by Clemens and Johnson (1973) that low
biuret.ufilizaéion observed when lambs received an 80 percent
ground corn diet was the result of insufficient biuret to
maintain biuretolytic activity (theilr ration contained 0,40
percent biuret). Their observation was confounded by the
fact that high concentrate levels also decréase biuret
utilization. These data also agree with the findings of
Schroder and' Gilchrist (1968) showing decreased adaptation
rates when crude protéin content of the diet was increased
while holding the biuret level in the diet at 15 g. per day.
That level of biuret infake was considerably higher than
employed in ration 1 of this experiment (5.4% g./day).
Schroder and. Gilchrist reported biuret utilization of about
150 mg. %/24 hours in lambs receiving good quality (10.3%
crude protein) hay and 15 g. of biuret per day, when
activity was measured on day 35 of supplementation. In this
experiment, lambs fed ratien 1 utilized only about 95 mg. %/
24 hours (Table V3 241 - 146 = 95 mg./100 ml./24% hours) on
collection day 35. This apparent difference in activity may
be due to the different biuret levels fed in the two experi-

ments.
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Increased rates of biuret adaptation were observed when
the level of biuret in the diet was increased, When biuret
supplied 50 and 80 percent. of the total dietary nitrogen
(ratiens two and three.respectively), significant.(P<°05)
increases in biuretolytic activity were registered by day
three of the trial. In order to mihimize the problems
associated with interpretation of changes in biuretolytic
activity associated with collectien day 0, day 3 of the
experiment will be used as a reference point. Lambs fed
ration two showed significant (P<005) increases in biureto-
lytic activity between days 3 and 10 and between days 7 and
35, Lambs fed ration 2 showed maximum biuretolytic activity
on cellection day 35 when abeout 76 percent of the initial
biuret was hydrolyzed during the 24 hour incubation peried.
Lambs fed ration 3 shewed significant (P<,08) increases in
- biuretolytic activity between days 3 and 10 and between days
7 and 28, Maximum biuretolytic activity was recorded on day
35 when about 82 perceht of the initial biuret was hydrelyzed
in the 2% hour incubation period.

Generally speaking, the adaptation response evident in
this exberiment can be described-as a twe phased process.

An eafly phase was evident during the first five to ten days’
of biuret supplementation. This phase was characterized by
rapidly increasing biuretolytic activityu This early phase
was followed by a second period in which activity i1ncreased

at a somewhat slower rate.
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Figures 1, 2 and 3 illustrate the biuretolytic activity
of the rumen contents from lambs receiving the three biuret
levels, as measured on. the various collectien days during
experiment 1. No_biuretblytic activity was evident on day 0
(Figure 1). Biuretelytic activity was evident. oen days three,
five (Figure 1) and seven éPigureYZ); hewever, treatment
differences were non-significant (P>.,05) on these daysal By
day ten, Substéntiél-biuretoljtic activity was oebserved in

, | o
lambs receiving ratioen 2, Lambs'recéiving ration 3 showed.
intermediate activity, and those fed Pation'l registered the
least amount of activity. On day 14, lambs recelving rations
2 and 3 showed significantly (P<.05) greater biuretolytic
activity than lambs receiving ration 1. The trend favoring
greater biuret adaptation in animals fed the higher levels.
of biuret was evident throughout the remainder of the experi-
ment . Variability in- biuretelytic activity- showed a marked
increase on day 21 (Figure 3) and apparent differences 1in
activity'were nen-significant (P>.05). Biuretelytic activity
was-significantly greater in animals fed ration 3 as compared
to ration 1 on day 28. Activity in lambs fed ration 2 was
not significantly (P>.05) different from either of the other
treatments 6n day 283 however, activity in these lambs was.
subétantial and indicative of a high degree of biuret utili~-
zation. On day 35; lambs fed 50 and 80 percent of their
total dietary nitrogen as biuret again registered signifi-
cantly (P<.05) greater biuretolytic activity than lambs fed

biuret as 20 percent of their total nitrogen intake:
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Both the rate of development of biuretolytic activity
and the extent of this activity were faveored by the higher
levels of biuret supplementation. These data support the
findings of Schroder and Gilchrist (1969), who observed that-
the adaptation rate of rumen microflora to biuret was
“inversely proportional.to the digestible protein level in
the basal diet. These results also provide additional sup-
port for the proposal by Clemens and Johnson (1873) that for
efficient biuret utilization, biuret must supply more than
15 percent of the dietary nitrogen., This value may now be
extended since from the data presented here, it would appear
that the minimum- amount of dietary nitrogen replacement,
required to stimulate enough biuretolytic activity te Jjusti-
fy the use of biuret as a nitrogen source lies between 20
and 50 percent of the dietary nitrogen. These data indicate
thaf biuret may be used to replace up to:80 percent of the
dietary nitrogen requirement with no apparent i1l effects.
Whether or not this level of biuret supplementation will
maintain reproductive performance and suitable lactation
response has not yet been investigated.

The response observed here suggests that biuret may be
a useful npn~protein nitrogen source fof roughage type.
rations if a high level of nitrogen replacementvis practiced.
An adaptation period of 10 to 14 days should probably be
anticipated; and other limiting factoré such as frequency of

feeding (Clemens and Johnson, 1973) should be considered.
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In Vitro Cellulose Digestion

The results of in vitro cellulose digestion trials
conducted during this experiment were inconclusive, When
lambs receiving ration 1 were used as inocula sources, a
significant (P<.05) replicate effect was observed. There is
no apparent explanation for this  response, so no attempt was
made to draw conclusions from these data. Average in vitro
cellulose digestion observed during the two replicates of
this trial is shown in Table VIII, Although these data
allow little insight into the relative value of urea or
biuret as nitrogen sources for the maintenance of cellulose
digestion, certain characteristics of the data are note-
worthy. The high level of cellulose digestion evident in
the negative controls (no added nitrogen source) indicates
that substantial amounts of nitrogen were present in inocula
prior to suppleméntal nitrogen addition. The inocula
apparently contained almost enough nitrogen to satisfy the
requirement without the addition of a supplemental.nitrogen.
source; These data also reflect a large amount of variation

(Table VIII) which is characteristic of in vitro cellulose

digestion measurements,
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TABLE VIII

COMPARISON OF UREA AND BIURET AS NITROGEN
SOURCES FOR IN VITRO CELLULOSE DIGESTION

In Vitro N=-Source

Ration None Urea Biuret
(Replicate 1) % cellulose digested1
1 ' 56.11 67.86 63.72
2 59.14 54.86 59.26
3 56.58 60.25 59.96

(Replicate 2) _
L 43.87 69.03 52.31

2 | 55.45 63.91 50.74
3 53.89 63.26 60.15
(Averagez)
1 49.99 68.44 58.01
2 57.29 59,39 55.00
3 55.23 61.73 . 60.05
1

Values within replicates represent the average cellu=-
lose digestion in media prepared from three lambs receiving
the ration indicated.

2Coefficients of variation for celluleose digestibility
in media prepared for lambs receiving rations 1, 2 and 3
were 11.19, 17.72 and 6.63 percent, respectively.
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Experiment 2

In Vitro Biuretolytic Activity

Table IX shows the amount of initial biuret still
remaining after the 24 hour in vitro incubation of biuret
with inocula from lambs receiving the six rations employed
in this experiment. Biuret adaptation was apparent in lambs
receiving all rations as indicated by a highly significant
(P£.01) period effect, Lambsvused in this experiment showed
a remarkable facility to adapt to biuret. Lambs receiving
rations 2-5 appeared to be completely adapted by collection
day 3. The rapid adaptation to biuret observed here was
surprising in view of earlier reports from this laboratery
(Johnson and Clemens, 1973) and by others (MclLaren et al.,
1959; Oltjen et al., 1969) investigating the biuret adapta-
tion response. A few reports of rapid:biuret adaptation -are
present in the literature, Clemens and Johnson (1973)
reported that adaptation was. complete by collection day 2 in
lambs that had previously been fed biuret. Mackenzie and
Altona (1964) observed an immediate liveweight response
(first week) when biuret.was fed as a lick. Hoewever,
Schroder and Gilchrist (1969) reported that biuret re-adapta-
tion was a slow process similar to the initial adaptation
response. Animals employed in this experiment had not
received biuret prior to initiation of this trial. There-
fore, carry-over effects from previous biuret supplementaticn

could not have been. a factor.
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TABLE IX

IN VITRO BIURETOLYTIC ACTIVITY OF RUMEN CONTENTS
FROM LAMBS IN EXPERIMENT 2

Rationl
Collection
day 1 : 2 3 4 5 6
Percent of initial biuret rémaining2

0 -100.2 97.0 101.6 96.0 99.2 103.1

3 62.1 15.8 26,1 28.2 0.0 2 31.1
5 50.6 19.0 21.5 29.5 10.3 67.0
10 23.5 16.3 49.3 61.3 34.4 72.6
14 4.6 21.7 36.8 34.8 4.7 60.9
21 36.7 27.2 25.8 31.8 24.4 51.1
28 24.0 12.8 12.7 17.6 11.0 4,2
35 19.5 8.0 20.1 8.0 32.1

41.0

lRations 1, 2 and 3 contained no molasses and 0, 2 and
8 percent alfaltfa respectively, Rations 4, 5 and 6 contained
5 percent molasses and 0O, 2 and 8 percent alfalfa respective-

ly.

2Each value represents the average of two lambs and
designates the percent of initial biuret remaining after a
24 hour in vitro incubation.
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No significant (P>,05) treatment effects were observed
in this experiment. The biuretolytic activity at 8 and 24
hours of rumen contents from lambs used in this experiment
are shown graphically for the various collection days 1in
Figures 4=1l1l. Rumen contents from all lambs showed little
or no capacity for biuret hydrolysis on collection-day 0
(Figure 4). By collection day 3; all lambs except those
receiving the control diet (no molasses or alfalfa) regis-
tered a high degree of biuretolytic activity (Figure 5), On
collection day & (Figure 8) and all subsequent collection
days (Figures 7-11), lambs receiving ration 6 (5 percent
molasses and 8 percent alfalfa), showed the lowest amount of
biuretolytic activity. The results of this experiment are.
in agreement with earlier findings by Clemens and Johnson
(1873), that higher levels of readily available carbchydrate
enhance development of biuretolytic activity initially. As
the supplementation period progressed, biuret utilization
progressively favored the rations containing lower levels of
readily fermentable carbehydrate. This initial response
favoring the addition of readily fermentable carbohydrate is
puzzling. The concurrent: adaptation by rumen microorganisms
to biuret and readily fermentable carbohydrate may be
confounding. The possibility exists that alteration of
existing micrebial populations in the rumen caused by the
change. to a dilet contalning a readily fermentable. carbohy-
drate creates. a transient environment which allows:

biuretolytic microorganisms te flourish., Once this- aberrant
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condition subsides, so does biuretolytic activity. In retro=-
spect, a better measure of the effect of readily available
carbohydrate upon biuret adaptation wouid'be obtained if the
animals were allowed to adapt to the carbohydrate source
prior to biuret supplementation. This could be accomplished
by substituting an alternate nitfogen source for biuret in
the diet on an isonitrogenous basis until adaptation to the
carbohydrate .source was complete.

Schroder and Gilchrist (1969) reported that addition of
200 g. of maize meal or 1,000 g¢ of-corn silage to a basal
diet of poor quality teff hay increased thé extent of
biuretolytic activity. The duration of~this~experiment‘was
much shorter than that conducted by Schroder and Gilchrist,
but the increased extent of biuret utilization stimulated by
readily fermentable carbohydrate was notfevident in this
experiment,

The results of this experiment suggest that a slight.
beneficial response may be obtained from feeding a readily
fermentable carbohydrate source during the initial phase of
biuret ada\.ptat:‘ion_o This Initial favorable response is lost
or possibly even reversed as the supplementation period

progresses,

In Vitro Cellulose Digestion

The average in vitro cellulose digestion values and co=-
efficients of variatien obtained in this experiment are shown

in Table X. As in experiment 1, the cellulose digestion was



TABLE X

COMPARISON OF UREA AND BIURET AS A NITROGEN SOURCE
FOR IN VITRO CELLULOSE DIGESTION BY RUMEN
‘MICROORGANISMS FROM LAMBS
ADAPTED TO BIURET

In Vitro N=-Source

Ration None - Urea - Biuret

(Replicate ‘1) . 7% cellulose d:l'.ge,sted:L
1 62.22 44 49 55.81
2 59.95 54.36 57 .24
3 62.77 45,92 63.60
4 55.15 42,33 59.47
5 58.96 42 .48 58.26
6 52,67 39.18 58.25

(Replicate 2)

1 62.58 59.63 56.55
2 56.76 50.30 49 .43
3 55.87 68.29 50.54
4 51.90 53.31 53.60
5 54.48 ‘ 67.07 57.48
6 51.73 55.76 57.04
(Averagez)
1 62.40 52.06 56.18
2 58.35 52.33 53.33
3 59.32 57.10 57.07
b 53.52 47 .82 56.53
5 56.72 54.77 57.87
6 52.20 47 .47 57 .64
1

Each value represents the average cellulose digestion
by rumen microorganisms from two lambs receiving the same
diet. '

2Coefficients of variation for cellulose digestibility
in media prepared for lambs receiving ration 1, 2, 3, 4, 5
and 6 were 5.83, 14.70, 12.53, 14.54, 14.44 and 7.1l percent,
respectively.
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quite variable and values for the negative controls were
high. The high levels of cgllulose digestion in the nega=-
tive controls render thié.type of experiment difficult to
interpret, and the large amounts of variatien present result
in a requirement of large differences to be significant.

As .in experiment 1, in vitro cellulose digestion data
were not meaningful., A significant (P<.05) replicate x non=
proteln nitrogen source interaction was observed when inocula
were obtained. from lambs fed rations 1, 3 and 6. No logical
explanation for this interaction is apparent and no attempt

to explain these results was made.



CHAPTER 'V
SUMMARY AND CONCLUSIONS

Two experiments were conducted to characterize the
effects of varying levels of biuret and the addition of low
levels of readily fermentable carbohydrate sources upon the
rate and extent of biuret adaptation in lambs fed high
roughage rations.: Biureteolytic activity of rumen contents
was determined in vitro by measuring biuret disappearance.

In experiment 1, biuret was fed as 20, 50 and 80 percent
of the total dietary nitrogen. The rate and extent of
biuretolytic activity development was highest at the higher
levels of biuret supplementation. Biuret fed as 20 percent
of the total dietary nitrogen resulted in:- low biuretolytic
activity with no significant (P>.05) improvement registered-
after day 5 of supplementation. Lambs receiving 50 and 80
percent of theirvtotal dietary nitrogen as biuret showed
significantly (P<.08) higher biuretolytic activity than lambs
fed the 20 percent level by collection day 14 and this.
response held throughout the 35 day adaptation trial.

In experiment 2, six rations were employed with 50
percent of the total dietary nitrogen supplied as biuret.
Rations 1, 2 and' 3 contained no molasses and 0,'2 and 8,

percent alfalfa; rations 4, 5 and 6 contained § percent

57
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molasses and 0, 2 and 8 percent alfalfa, respectively.,
Rations were isonitrogenous and isocaloric. Biuret adapta=-
tion was rapid in animals receiving all diets, generally
being complete by day 3 :of the trial. No significant

(P>,05) treatment effects were observed.
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PROCEDURE

BIURET DETERMINATION

Reagents:
1. 10N HpSOy
2, 10% NaOH. Adjusted so 4 ml. neutralizes 1 ml, 10N

H_SO

3, 7% zhso,

4, 5% Ba(OH)p. Adjusted so 10 ml. exactly neutralizes
7 ml. ZnSOy solution. Use COyp free water. Store
under Mariot bulb of drierite.

5. Alkaline NaK Tartrate solution: Dissolve 110 gm. of
NaOH pellets in 500 ml. distilled water. Add 100 g,
of NaKCyHyOg.4 HpO and dissolve. Dilute to 1 liter.

6. CuSOy solutilon: Dissolve 35 g. of CuSOy.5 Ho0 in
distilled water. Dilute to 1 liter.

7. Color reagent: Mix equal quantities of Tartrate and
CuS0Oy solutions. Let stand for 48 hours before using.

8, Biuret standard: 1% biuret in water.

3., Activated charcoal: Powdered willow charcoal (pyramid
brand, Ehrmann-Strauss Co., New York)

Procedure:

1. Centrifuge strained rumen fluid at 14,000 x g, for 10
minutes.

2, Pipet 10 ml. supernatant fluid into 50 ml. centrifuge
tube,

3. Add 5 ml., distilled H70, 0.8 ml. 10% NaOH, 7.0 ml.
ZnsSOy and 10,0 ml. Ba%OH)Q°

4, Stopper and shake., Let stand for 10 minutes.

5. Centrifuge at 14,000 x g, for 15 minutes.,

6. Decant supernatant fluild into beaker or flask contain-
ing 0.3 gm, of activated charcoal., Swirl and let
stand for 10 minutes.

7. Filter through Whatman #40 filter paper.

8. Add 2 pellets NaOH swirl to dissolve. Let stand for
20 minutes.,

9, Filter through Whatman #42 filter paper.

10, Pipet 15 ml. of filtrate and 5 ml. of the color
reagent into a test tube, Allow to stand for 15
minutes.

11, Read optical density at 555 nm,

12, Blank prepared by adding water at step 2 and in step 3

add 3 ml. of Hy0 instead of 5 ml., add 2 ml. of 1%
biuret solution and continue procedure,
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