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Previous studies comparing the digestive capacity of bison (Bison
bison) with that of cattle (Bos taurus) indicated that bison may digest
low-quality forage to a greater extent than cattle. In an attempt to
determine the relationship between digestive ability and whole animal
nitrogen budget, we measured urea concentrations in the blood, in the
saliva, in the urine, and in the rumen of two groups of bison; one fed
a high-protein diet, the other fed a low-protein diet. We found differ-
ences between groups in urea levels in some body pools but not in
others. Results suggest that urea metabolism in bison responds to
dietary N-levels, but further research is needed to clarify this response.

[Natural Resource Ecol. Lab., Colorado State Univ., Fort Collins, Co.
80523, USA]

I. INTRODUCTION

The American bison is a native of prairies and grasslands and presum-
ably well adapted to the forages available in these ecosystems. In
a comparative study of the diets of cattle and bison, Peden et al. (1974)
found that bison consumed diets composed of a higher proportion of
grasses (92—99% dry matter) than did cattle in the same pasture (70—
—=86%0 dry matter). Likewise, cattle diets were higher in forbs and
shrubs (14—30% dry matter) than those of bison (1—=8% dry matter).
Peden et al. (1974) also found that bison diets were lower in digestibility,
higher in crude fiber and lower in crude protein than the diets of cattle
in the same pasture. However, using the nylon bag technique, Peden
et al. (1974) discovered that forage placed in the rumen of bison was
digested to a significantly greater extent than the same forage placed
in the rumen of cattle. This held true for bison diets, for cattle diets,
and for a standard grass hay.

Extending this study, Hawley et al. (1977) determined Dry Matter Di-
gestibility (DMD) values (again using the nylon bag technique with both
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bison and cattle) for forages collected from the Great Slave River low-
lands in Canada (an important bison winter range). They found the
DMD values to be consistently higher for bison than for cattle for all
forages tested.

Elsewhere, Gebczynska et al. (1974) compared apparent digestion
coefficients for a variety of nutrients between European bison and cattle.
They found digestion coefficients for crude protein and ether extract to
be higher in bison than in cattle, but coefficients for cellulose, soluble
carbohydrates, and readily hydrolyzable carbohydrate were higher for
cattle than bison.

These apparent differences in digestive powers of bison and cattle
were hypothesized by Peden (1972) to be related to urea metabolism
and recycling. Hypothetically, bison are adapted to major seasonal chan-
ges in forage quality, including very low protein content winter forages,
and are capable of recycling urea from body pools into the rumen under
conditions of low forage protein. This recycled urea would presumably
assist in maintaining a favorable rumen environment for microbial pro-
tein synthesis and activity and thus would result in greater forage di-
gestion than if the microbes were dependent on the forage protein alone.
Cattle, (hypothetically) being selected for production efficiency, respond
better to high quality diets but are less efficient at urea recycling on -
low-protein diets than bison.

Urea -supplied as a diet-additive is known to increase the digestibility
of low-quality high-fiber diets (Loosli & McDonald, 1968). In the rumen,
urea is hydrolized to ammonia and can be used for protein synthesis by
rumen microorganisms. But urea is also a product of protein digestion
and of protein catabolism and so is a normal component of the blood.
Urea may also enter the rumen by diffusion from the blood (Houpt,
1959; Cocimano & Leng, 1967). Rate of urea diffusion from blood to
rumen is dependent upon concentration gradients and positively corre-
lated with high blood urea nitrogen (BUN) levels and with low ruminal
ammonia concentrations (Ford & Milligan, 1969; Varady et al., 1967).

Urea also enters the rumen in saliva (McDonald, 1962; Somers, 1961 a,
b, ¢, d). The mechanism of urea transfer from blood to saliva is ap-
parently passive diffusion, as the saliva urea concentration is propor-
tional to BUN (Packett & Groves, 1967; Bailey & Balch, 1961). Salivary
urea concentrations are also directly correlated to ruminal ammonia
levels (Lewis, 1957).

Waldo (1968) suggested that transfer of urea from blood to rumen is
four to six times greater than the transfer to the rumen of salivary urea,
while Houpt (1959) found blood-rumen transfer to be 16 times greater
than salivary transfer. Thornton (1970) has disputed Houpt’s results, but
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it is evident that direct transfer across the rumen wall is quantitatively
greater than salivary transfer (Wales, 1972), although salivary urea
transfer is undoubtedly an important pathway for urea and other nitro-
gen transfer into the rumen (Somers, 1961d).

It seems plausible that low forage-protein in the diet would result
in low ruminal ammonia values which in turn might lead to greater
movement of urea from the blood and saliva back into the rumen than
when forage protein and resulting ruminal ammonia values are higher.
However, other work suggests that these interactions are not simple.
Somers (1961b) found correlations between nitrogen (N) intake, salivary
N, and urinary N. Although BUN was not correlated to N intake, BUN
and salivary urea concentrations were highly correlated (r=0.96). Lewis
(1957) found that BUN was better correlated to ruminal ammonia con-
centration than to N intake, although Torrel et al. (1974) found signifi-
cant correlations between N intake and BUN (r=0.99). On high-N diets
where ruminal ammonia concentrations are high, Lewis (1957) found the
greatest variation in BUN.

II. MATERIALS AND METHODS

A preliminary experiment was carried out to determine baseline nitrogen levels
in various body pools of bison, fed on both low- and high-N diets. Six animals
were used in this experiment. They were maintained at the Pawnee Site, the
field research facility of the Natural Resources Ecology Laboratory, Colorado State
University, located on the USDA/AR Central Plains Experimental Range near
Nunn, Colorado (Jameson, 1969).

Table 1
Diet groups of bison.
Treatment Sex Fistula type Fistulation date
Group A—High-N diet
Bison 10 M1 ;5 16 September 1975
Bison 12 P R 12 December 1975
Bison 15 F E 1971
Group B—Low-N diet
Bison 1 M E 1971
Bison 8 F R 1971
Bison 13 F R 12 December 1975

1 F=female, M=male, * E=esophageal, R — ruminal.

The bison used in this experiment were originally obtained from the Wichita
Mountain Wildlife Refuge in Oklahoma as calves in 1969 and 1970 and were five
and six years old at the start of this experiment, The bison were divided into
two groups of 3 animals. The animal number, sex, fistula type, fistulation date,
and experimental treatment are shown in Table 1. Group A (high-N) was fed
a diet of crested wheatgrass hay (6% crude protein, 4030 cal/g gross energy) and
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a pelleted supplement (15% crude protein, 4160 cal/g gross energy). Group B
(iow-N) received a ration of the hay only ad libitum. Both groups received water
ad libitum. Unfortunately we could not monitor food intake on an individual
basis. Therefore, the food (and nitrogen) intake values used here are mean values
(per animal) based on the total intake of each group.

All animals were weighed each week and sampled for N-content of blood,
rumen fluids, saliva, and urine. Each group was kept in small holding pastures,
which contained little forage, and rotated between pastures each week. Samples
were taken in alternating fashion, with blood from one group and urine from
the other being taken each week, and reversing the next. Saliva and ruminal
fluids were taken from fistulated animals each week, and saliva was taken from
animals without esophageal fistulae before they were bled, every other week, The
trial lasted for 17 weeks, from 11 November 1975 until 9 March 1976.

Blood was taken from the external jugular vein by venous puncture. Generally,
8 ml of blood were taken, mixed with thrichloroacetic acid (TCA) (100 mg TCA/ml
blood), and centrifuged (2000 rpm for 10—20 min.). The plasma was then decanted
into a snap-cap vial, and frozen for later analysis.

Sampling of ruminal fluids from animals fistulated 12 December began on 16
December, sampling from all other animals with rumen fistulae began 11 Novem-
ber, A portable, hand actuated vacuum pump was used to draw rumen fluids
into a 250-ml flask through a section of rigid tubing. Ruminal fluids were taken
from several sites within the rumen to insure a representative sample, From 50
to 200 ml of fluids were taken, and a composite sample of 50 ml was filtered
through cheesecloth into two vials. To prevent loss of ammonia, the filtrate was
acidified with concentrated sulphuric acid to a pH of 1—2 (Giesecke & Van Gyl-
swyk, 1975). After acidification the samples were labeled and frozen. The procedure
for implantation of the small diameter rumen cannulae, as well as the methods
employed in their manufacture, were described by Rupp & Keith (1976).

It was not possible to collect urine continuously for 24 hours. For this reason,
and because the urinary concentration varies with water intake, it was necessary
to relate the urinary-urea concentration to a constituent in the urine that does not
vary with water intake and urine production. The excretion of creatinine is ¢on-
stant over successive 24-hour periods, being dependent on the muscle mass of
the animal (Ganong, 1975). Creatinine can also be used as an index to glomerular
filtration rate, which does not wvary under normal conditions. Therefore, the
quantity of urea in a urine sample was compared to the amount of creatinine
in the same sample. In this way, it was possible to make comparisons among
animals and within the same animal over time.

Samples were analyzed for urea content by a modification of the method of
Foster & Hockholzer (1971). Analysis of urine for creatinine followed a modifi-
cation of the method of Hare (1950) and Owen et al. (1954). Ruminal ammonia
was analyzed with an ammonia-selective electrode after liberation of ammonia
by the addition of excess sodium hydroxide.

Because it was not possible to compare a given BUN value with its correspond-
ing urine urea concentration, as these samples were taken on alternate weeks;
and because we could not monitor on an individual animal basis, it was assumed
that a given sample from either diet group was representative of that group,
and no attempt was made to differentiate between animals in either group or
between sample dates except as indicated. The results are presented on a monthly
tasis and values are treatment group means. To develop the regression equations
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between BUN, salivary urea, and ruminal ammonia concentrations, the values for
the two vials of ruminal fluids from each sample date from each animal were
averaged, giving one value from which to derive regression equations by the
method of least squares, Data from each group were compared using an unpaired
Student’s t test.

III. RESULTS AND DISCUSSION

The bison receiving the high-protein diet consumed an average of
25.56 kg of hay per week. This amounts to 0.25 kg N ingested per animal
per week (0.97 percent N in the hay). These animals also consumed an
average of 26.72 kg of supplement per week, which at 2.42 percent N
by weight contributed 0.65 kg N per animal per week. These animals
weighed an average of 432 kg during the trial, thus the total N intake
of 0.9 kg per animal per week was about 0.2 percent of body weight
ingested per week (0.03 percent body weight per day).
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Fig. 1. Blood urea nitrogen concentration averaged over months. (Solid bar: Stan-
dard Error, Open bar: Standard Deviation).

Bison receiving the low-protein diet consumed an average of 51.93
kg of hay per week for an average N intake of 0.5 kg per animal per
week. These bison weighed an average of 489 kg during the trial, and
thus their N intake was about 0.1 percent of body weight per week
(0.015 percent body weight per day), or about one-half the amount con-
sumed by the high-N group. The N intakes of the groups were signifi-
cantly different (P<<0.001).
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Bison receiving the high-N diet maintained their body weights through-
out the trial, and were beginning to gain weight at the end of the trial.
The bison on the low-N diet lost weight slowly during the trial and
weighed significantly less (P<<0.001) at the end of the trial than they
did at the beginning.

The bison on the high-N diet had significantly higher (P<<0.001) BUN
values than the bison on the low-N diet. Monthly averages of BUN va-
lues for both groups are shown in Fig. 1. The high-N animals had average
BUN values of 20.63 mg/dl during the trials, while the animals on the
low-N diet had average BUN values of 12.33. These values compare well
with those of Kirkpatrick et al. (1975), who found that white-tailed deer
(Odocoileus virginianus) fawns receiving a high-N diet had BUN values
of 23.6 mg/dl, while fawns receiving a low-N diet had BUN values of
11.0. These authors suggested that a two-fold increase in N intake could
- result in a two-fold increase in BUN.
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Fig. 2. Salivary urea concentration averaged over months. (Solid bar: Standard
Error, Open bar: Standard Deviation).

Blood urea nitrogen can increase due to the catabolism of tissue pro-
tein, urea being produced in the urea cycle following deamination for
gluconeogenesis (Leibholz, 1970). This may help the ruminant meet its
immediate energy needs, and it may help the animal maintain its ru-
minal microflora by increasing total urea recycled (Robbins et al., 1974).
It is possible that the low-N diet group catabolized body fat stores for
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maintenance energy during the trial; however, we found no ewidence of
protein catabolism either as a source for energy or nitrogen for recycling,
as BUN was low.

The bison receiving the high-N diet had significantly higher (P<0.01)
salivary urea concentrations than did the bison on the low-N diet. Fig. 2
shows a monthly comparison of salivary urea levels befween the diet
groups of bison. As Somers (1961b) found, salivary urea concentrations
were never greater than BUN. :
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Fig. 3. Urine urea concentration (expressed as mg urea per mg creatinine) averaged
over months, (Solid bar: Standard Error, Open bar: Standard Deviation).

Urinary urea concentrations, when expressed as mg urea excreted per
mg creatinine excreted, were also significantly higher (P<<0.001) for the
bison on the high-N diet than for the bison on the low-N diet, as shown
in Fig. 3. Both Robbins et al. (1974) and Kirkpatrick et al. (1975) found
that deer could change the renal clearance of urea in order to maintain
an “optimum” or normal BUN level. Deer fed high-N diets had BUN
values which decreased during their trials, while deer on low-N diets
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had BUN values which increased, with BUN levels in both groups ap-
proaching the “optimum” value. In contrast, we found no significant
changes in BUN in either group of bison. Both groups maintained their
respective BUN levels through the 17-week trial. This might suggest
that urea conservation in bison, if it occurs, depends neither on changing
the clearance of urea in the kidney, as in deer, nor on an active trans-
port mechanism in the kidney.

Ruminal ammonia concentrations were not different (P<<0.05), unless
rumen fluid samples from low-N animals 8B and 13B for the 18 De-
cember sample date and the sample from 13B for the 23 December
sample date are omitted from the analysis. With this deletion, the groups
become significantly different (P<<0.0001), with the bison receiving the
high-N diet having the greater ruminal ammonia levels (see Fig. 4). The
deleted samples had extremely high ammonia concentrations, higher than
any samples from the high-N diet group and higher than the normal
range of 10—45 mg/dl given by Church (1974). Samples from 13B were
the first taken after implantation of the cannula, being taken one week
after surgery, and this may have affected ammonia values.
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Fig. 4. Ruminal ammunia concentration averaged over months. (Solid bar: Standard
Error, Open bar: Standard Deviation).

Lewis (1957) found that 30 sheep consuming a grass diet had average
ruminal ammonia concentrations of 44.9 mg/dl, while two sheep fed an
unspecified type of hay for 20 d had ruminal ammonia levels of 36.9
mg/dl. ITume et al. (1970) reported that sheep had average ruminal
ammonia concentrations of 6.3 mg/dl when fed a low-N diet (2.65 g/d N)
and 30.7 mg/dl when fed a high-N diet (15.95 g/d N). Ruminal ammonia
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levels in the bison were lower than these. Giesecke & Van Gylswyk
(1975) found that African grazers had lower ruminal ammonia levels
than African browsers and that grazers had large rumen capacities as
well. Rumen samples from three grazing species: African buffalo (Syn-
ceros caffer), blue wildebeeste (Connochaetes taurinus), and gemsbok
(Oryx gazella) had average ruminal ammonia concentrations of 7.2, 2.8,
and 6.1 mg/dl, respectively. The ruminal ammonia values from the bison
are close to these, especially for the bison on the low-N diet.
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Fig. 5. Schematic diagram showing comparisons of all parameters for each group
of bison. Values are averaged for the entire trial.

Regression equations describing the relationship of BUN to salivary
urea concentrations and to ruminal ammonia concentrations were derived
from pooled data from both groups. Both regressions are significant (P<<
<<0.01).
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Salivary urea (mg/dl)=2.93+0.71XBUN (mg/dl) (R*=0.40)
Rumen ammonia (mg/dl)=—0.93+0.57XBUN (mg/dl) (R*=0.40)

An analysis of covariance indicated that BUN influenced both ruminal
ammonia and salivary urea concentrations. However, this analysis indi-
cated that other unknown factors had a greater controlling influence
than BUN (see also Somers, 1961b).

If data from both groups of bison are averaged over the 17-week trial,
some interesting relationships are suggested (Fig. 5). Bison receiving ap-
proximately one-half as much N in their diet excreted about one-half as
much urea in their urine, and had ruminal ammonia concenfrations ap-
proximately one-half as large as bison in the high-N diet group. How-
ever, the BUN and salivary urea levels in the bison on the low-N diet
were not one-half the values of the bison on the high-N diet, but were
only reduced to about two-thirds the levels of bison receiving the high-N
diet. If urea transport is a passive process, depending solely on diffusion,
greater similarity to the proportional relationships between N intake,
N excretion, and ruminal ammonia levels would be expected in BUN
and salivary urea levels. Alternately, if the extremely high ruminal
ammonia values observed on two occasions (see above) were included in
the analysis, then ruminal ammonia values would be more in line with
the saliva and BUN levels, and might therefore suggest some urea con-
servation for the low-N diet animals. However, further work is needed
to clarify the relationships among these body pools and the processes
determining pool size.
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METABOLIZM MOCZNIKA U BISON BISON
Streszczenie

Dotycheczasowe badania poréwnawcze nad strawno$cig u bizona (Bison bisor)
i bydla (Bos taurus) wskazujg, Ze bizon moze trawié pokarm gorszej jakosci w
stopniu znacznie wyzszym niz bydlo. Aby wyjasnié¢ to zagadnienie, autorzy zajdi
sie bilansem i obiegiem azotu w organizmie bizonéw. Do badan uzyto 6 dorostyh
bizonéw (2 byki i 4 krowy) podzielonych na dwie grupy zywieniowe: o mniskin
i wysokim poziomie azotu w dawkach pokarmowych, Spozycie pasz, a w nih
azotu, okreslano s$rednio dla grupy. Doswiadczenie trwalo 17 tygodni w okrese
jesienno-zimowym. Badano poziom mocznika w krwi (Ryc. 1), §linie (Ryc. 2), nu-
czu (Ryc. 3) i amoniaku w zwaczu (Ryc. 4). Zarowno poziom mocznika w krvi,
Slinie i moczu, jak i amoniaku w Zwaczu byl dodatnio skorelowany z poziomen
azotu w paszy. Im wiecej bizony otrzymywaly azotu w paszy, tym wiecej wr-
dalaly mocznika w moczu. Jedynie ilo§¢ N w §linie i krwi bizonéw karmionyh
pasza niskobiatkowa byla nieco wyisza niz polowa wartosci tych wskaznikdw
u bizonéw trzymanych na paszy wysokobiatkowej.



