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ABSTRACT

Metabolism of ruminal ammonia and blood urea was investigated in West African
Dwarf ewes and wethers, fed a low quality hay with or without gLoncentrate sup-
plementation, using single injection of [155} ammonium chloride (1 HN,C]) or [15y]
urea into the rumen and blood respectively.

The percentages of 155, administered intraruminally as 15I—IN‘,CI recovered in the
urine, faeces and milk oflthe ewes were 4.3, 9.0 and 3.1. Also 32.3 and 28.7% of
[155] urea administered into the blood were recovered in the urine of the wethers.

Jf\iuminal ammonia contributed 50.6% of protozoal-N in sheep fed hay and 14.2,
78.7 and 35.0% respectively in sheep fed hay and concentrate, Also, 59.9 and 7.9¢¢
of ruminal ammonia-N was derived from blood urea of sheep fed hay and hay plus
concentrate respectively.

The inclusion of concentrate in the diet increased the extent of ruminal bacteria
protein synthesis but not that of the protozoa. However, the contributions of ruminal
ammonta to blood urca synthesis ami) of blood urea to ruminal amnmonia were sharp-

ly decreased in the presence of the concentrate.
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INTRODUCTION

One of the factors limiting ruminant
production in the tropics is the scasonal
variation in the availability and composition
of forages. The abundant and high quality
forages of the rainy scason of 4 to 7 months
duration, detcriorates rapidly in the dry
scason with increased fibre and decrcased
protein content, resulting in reduced feed in-
takc and digestibility. It is usual to supple-
ment the poor quality forages with cnergy
and protein concentrates. Such a supplemen-
tation could affect the nitrogen conservation
mechanism by reducing blood urea recycled

into the rumen, which could be appreciable
in sheep fed low N roughage (Cocimano and
Leng, 1967; Norton ¢f al, 1982). It could also
affect the extent of utilization of ruminal am-
monia-N for microbial protein synthesis,
which could be as low as 20% (Salter er al,
1979) or as high as 100% (Necutze er a/,
1986). ,

The extensive work done on ruminal am-
monia’ metabolism in ruminants by isotopic
tracer lechniques (Cocimano and Leng,
1967, Salter et al, 1979; Norton et al, 1982) is
limited primarily to the Western countries.
No comparative figures are available for in-
digenous breeds of ruminants in Nigeria.
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The present work was therefore undertaken
to study the extent of utilization of ruminal
ammonia-N for urea, microbial and milk
protein synthesis and, the contribution of
blood urea to ruminal ammonia in sheep fed
hay or hay plus concentrate supplement.

MATERIALS AND METHODS

Four West African dwarf wethers, 2 to
21/2 years old and weighing 26 to 31 kg,
fitted with permanent rumen cannula and
two non-fistulated lactating ewes of 24 kg
live weight were used. They were housed in-
dividually in metabolism cages. The wethers
received their daily ratios in equal amounts
every hour but the ewes were fed twice daily
at 0730 and 1700 h. Water (100 ml) was oral-
ly or intraruminally administered to each
sheep after each feeding time.

The basal diet {Diet 1) was Giant star
(Cynodon nlemfuensisy hay (7.7% crude
protein), Diet 2 was the same hay supple-
mented with a concentrate of cassava and
groundnut meal (2:1) at 17.5% crude
protein. Two of the four wethers (A and B)
were maintained on 360g of hay and the
other two (C and D) were supplemented
with 360g of concentrate. The two lactating
ewes were presented individually with 360g
hay and 360g concentrate.

On the day of isotope administration,
sheep A and C received a single injection of
[155] ammonium chloride (250 mg, 99 atom
“% excess) dissolved in 100 ml water into the
rumen and dispersed into the various sce-
tions of the rumen by means of a plastic
tube. Sheep B and D were given a single in-
travenous injection of {15y5] urca (250 mg, 95
atom % cxcess) dissolved in 10 ml isotonic
saling. The two ewes (E and F) werce orally
dosed with aqueous solution (100 ml) of
[155] ammonium chloride (200 mg, 99 atom
% excess).

Samples of rumen fluid were obtained at
intervals by suction through a plastic tube

and strained through muslin. Bacteria and
protozoa in the rumen fluid were separated
(Blackburn and Hobson, 1960) washed twice
with saline and stored at -10°C. Blood
samples were collected in heparinized tubes
and centrifuged at 2000 rpm for 20 min. The
blood plasma was also stored at -10°C.
Urine and faecal samples were collected for
five days and the ewes were hand-milked
before each feeding time. Samples were
stored at -10°C.

The proximate analysis of the feeds were
determined (AOAC, 1970). The ruminal am-
monia, blood urea, urine, faeces, and the
protozoal and bacterial fractions were
prepared for 1N analysis (Nolan and Leng,
1972), except that sec-octyl alcohol was used
to prevent frothing of samples during distilla-
tion. The PN analysis was by mass
spectrometry.

Ammonia in the ruminal fluid and urea in
the blood were determined (Fawcett and
Scott, 1960) ad modified (Chaney and Mar-
bach, 1962).

Calculation

Enrichment with time curves for ruminal
ammopia N, blood urea N, bacterial N and
protozoal N after a single injection of [154]
ammonium chloride into the rumen of [15y]
urca into the blood, were obtained and two
exponential  components  were  extracted
{from cach curve (Van Liew, 1967). The arca
undcr cach curve was calculated by integrat-
ing the cquation to the curves (Nolan and
Leng, 1972). The proportion ol sccondary
pool (blood urca-N, bacterial N, protozoal
N) derived [rom the primary pool (ruminal
ammonia N), was obtaincd by dividing the
area of the sccondary pool by that of the
primary pool.

RESULTS

The results of Dry matter (DM), organic
maitcr (OM) intake, digestibility and N-
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balance of the sheep, are presented in Table
I. The DM, OM and N intakes of shecp on
Diet 1 were low but digestibility values were
high. The animals on Diet 1 were on ncga-
tive N balance. The intakes of DM, OM and
N were higher on Diet 2 and nutrient digest-
ibility was also higher.

The percentages of N administered as
[15n] ammonium chloride or [15y] urea,
recovered in the faeces, urine and milk are
shown in Table 2. Of the °N administered
as [15y] wurea, 323 and 28.7% were
recovered in the urine. Much lower percent-
ages (6.9 and 5.2%) of BN of [15y]) am-
monium  chloride  intraruminally  ad-
‘ministered was recovered in the wrine of the
wethers; 4.4 and 4.8% were recovered in the
urine of the ewes. There was no recovery of
I5N in the facces of the wethers but 8.5 and
9.6% were recovered in the faeces of the
ewes. Also, 39 and 3.2% of BN ad-
ministered intraruminally to the ewes were
recovered in the milk.

The ruminal ammonia-N and blood urea

N levels and their utilization for microbial -

‘protcin  synthesis, arc shown in Table 3.
Ruminal ammonia-N and blood urca N
levels were depressed by supplementation of
hay with concentrate. The percentages of
ruminal ammonia-N derived from  blood
urca N were 59.9 and 7.9% for animals on
Dicts 1 and 2 respectively. Also the percent-
age contributions of ruminal ammonia-N to
blood urca N and bactertal N were much
higher tor sheep fed, Diet 1 than Dict 2. The
contribution of ruminal ammonia N o
protozoal N was similar for both dicts.

DISCUSSION

The DM and OM intakes of the sheep on:
Dict 1 were less than 3 to 5% of body weight
(BW) (Olubajo and Oycnuga 1974). The in-
take of DM and OM was higher for sheep
on Dict 2 but the intake of DM was less
than 2.75% of BW obtained by Adu and

Olaloku (1976) for similar dict. The digestible
organic matter (DOM) intake by sheep on
Diet 1, was less than the maintenance re-
quirement (0.036 kg per kg of BWO'73) for
West African Dwarf sheep (Adegbola et ai,
1980) but DOM intake by animals on Diet 2,
was sufficient for maintenance. The low in-
take of tropical forages in the dry season has
been reported by Oyenuga (1957), who
showed that the decline in nutritional quality
was due to incrcased fibre and decrease
crude protein content. Animals subsisting on
such forages are prone to weight losses. -

Nitrogen intake was also low in the sheep
fed Diet 1 and the N intakec was not suffi-
cient for maintenance, as indicated by the
negative N balance. The sheep on Diet 2
were in positive N balance.

The digestibilitics of DM, OM and N
were high for both dicts. The values were
slightly higher than those obtained for
similar dicts (Adegbola et al, 1977).

The percentages of "N of ammonium
chloride recovered in the urine of the
wethers and ewes were low compared with
values of 38.6% (Piva and Silva, 1968) and
26% (Nolan and Leng, 1972) following in-
traruminal injection of [15Sy] ammonium
chloride. The high level of "N retained by
sheep could reflect utilization in the rumen
and cichange within the animals’ body. Also,
>N was not recovered in the faeces after
intra- ruminal administration of [15y] am-
monium chloride to the wethers but some
(8.5 and 9.6%) were recoverced in the faeces
of the cwes. The hourly feeding regime
adopted for the wethers might have resuited
in more extensive digestion of N- labelled
microbes with very little loss of N in the
facces. The N recovered in the faeces of
the ewes, was sinilar to 7.9% reported else-
where (Piva and Silva, 1968).

There was a high retention of >N ad-
n;g'qistéred as [15y] urca. The high retention
of intravenously administered [155] urea has
also been reported (Mugerwa and Conrad,
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1971 Nolan and Stachiw, 1979). Retention
N of urea is inversely related to dietary
N intake (Cocimano and Leng, 1967).

The percentages of N recovered in the
milk protein of the ewes after intraruminal
injection of [15y] ammonium chloride were
less than 5.6 obtained by Piva and Silva
(1968). Land and Virtanen (1959) noted that
the proportion of ammonia used for milk
protein synthesis dccreased with liberal
protein feeding and increased with the level
of milk production. Milk production of the
ewes was low (0.30 htre/day)

The non-recovery of N in the facces of
the wethers after intravenous injection of
[15y] urea seems to indicate that urea was
recycled into the rumen and effectively fixed
into microbial protein, which was extensively
digested; or there was almost a complete re-
absorption of blood urea sccreted into the
hind gut. Nolan and Leng (1972) observed
that just 2% of 5N administered as [155]
urea was recovered in the faeces of sheep.

The percentages of rumen ammonia-N
derived from blood urca-N of hay-fed sheep
was higher than values of 12% (Nolan and
Leng, 1972) and 11% (Nolan et al, 1976).
These investigators fcd lucerne chafl to
sheep. Higher values of 39 to 64% were
reported (Nolan and Stachiw, 1979). The
valuc for Diet 2 was low probably due to low
blood urea level, since blood urea recycling
to the rumen varies directly with blood- urca
concentration (Mathison{énd Milligan, 1971).

The blood urea-N ‘derived from ruminal
ammonia-N for hay (50.6%) i1s comparablc
with 45% (Nolan and Leng, 1972), 52%
(Norton ef al, 1082) and 56% to 65%
(Neutze et af, 1986). The high proportion of
blood urea derived from ruminal ammonia
would indicate high rate of transfer of
ruminal ammonia into the blood.

The ruminal bacteria used ammonia as
major source of N. The value recorded for
sheep fed was Diet 1, high but comparable
with values of 62 and 64% (Pilgrim ef al,

1970), 50 to 65% (Mathison and Milligan,
1971), and 51 to 68% (Nolan and Stachiw,
1979). The percentages of protozoal-N
derived from ruminal ammonia N are similar
to 35% and 41% (Pilgrim et al, 1970) and 31
to 55% (Mathison and Miligan, 1971). The
proportion of ruminal microbial N derived
from ammonia varies with the protein con-
tent of the diet and may be as low as 20%
(Salter et al, 1979) and as high as almost
100% (Neutze et al, 1986).

It is evident that blood urea contributed
significantly to ruminal ammonia in sheep
fed low quality hay. However, since a sub-
stantial proportion of bloed urea was
derived from ruminal ammonia, it would
seem that there was appreciable transfer of
N from the rumen into the blood and from
the blood into the rumen in sheep fed low
quality hay. Quantitative estimates of N
transfer in and out of the rumen could indi-
cate whether there was a net loss or gain of
N into the rumen. This could not be ac-
curately determined with N due to the
recycling of N. Quantitative cstimates of N
transfers have becn made using pld4.] urea
(Norton ef al, 1982). The higher incorpora-
tion of ammonia N into ruminal bacterial N
in the sheep supplemented with concentrate
may be due to adequate supply cnecrgy,
which could be limiting in thc rumen of
sheep fed on low quality forage. ‘However,
thc marked depression in ruminal ammonia
in sheep supplemented with concentrate, n-
dicates that low ruminal ammonia could
limit microbial protein synthesis. Inclusion
of urca could have a beneficial effect by rais-
ing the ruminal ammonia level of sheep fed
Dict 2.
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