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Abstract

THE EFFICIENCY OF MICROBIAL PROTEIN PRODUCTION FROM TROPICAL FORAGES
AND ITS MEASUREMENT USING SPOT SAMPLES OF URINE AND CrEDTA CLEARANCE
FROM THE PLASMA.

The efficiency of microbial crude protein production (MCP) expressed as g MCP/kg digestible
organic matter (DOM) was much lower (P <0.05) in cattle consuming pangola grass hay (P, a tropical
grass) than rye grass hay (R, a temperate grass) (87 vs 191 g MCP/kg DOM respectively). This agreed
with a collation of experimental data from the authors' laboratory indicating that tropical forages
always had lower values than the values in international feeding standards. The excretion of
creatinine was too variable for it to be used as an internal marker in spot samples (0.76-1.45
mmole/W°75/d). The fractional disappearance rate of CrEDTA from the plasma was similar for cattle
consuming either hay (1.26-1.54%/min). The glomerular filtration rate (GFR) estimated from urinary
creatinine excretion was significantly different (289 L/d vs 793 L/d, P vs R respectively). The ratio of
predicted allantoin clearance determined by reference to plasma volume and FDR of CrEDTA to the
actual urinary excretion was 6.7 and 9.6 for R and P respectively. This difference meant that
clearance of CrEDTA could not be used as a technique in association with plasma concentration of
allantoin to estimate urinary excretion of allantoin.

1. INTRODUCTION

The efficiency of microbial crude protein (MCP) production is assumed to be within
130-170 g MCP/kg digestible organic matter (DOM) in most feeding standards [1-3]. Poppi et
al. [4] in a recent review collated data from low quality forages which showed that most
values were less than 130 g MCP/kg DOM. Quite significant increases in protein supply to the
intestines will result if efficiency is increased. Factors such as rumen degradable N (RDN)
supply, water soluble carbohydrates (WSC), rumen dilution rate and amino acid supply will
influence this value.

The purine derivative (PD) method [5, 6] offers a means of measuring this in intact
animals but total collection of urine is required. Spot samples can be used in association with
an internal marker, e.g. creatinine to measure this in the field, but Chen et al. [6] and Manuel
et al. [7] have shown that the variation in creatinine excretion is too great for sufficient
accuracy. Chen et al. [8] suggested that creatinine excretion and differences in glomerular
filtration rate (GFR) between animals and diets needed to be accounted for. A single injection
of CrEDTA [9] into the jugular and measuring its fractional disappearance rate (FDR) may
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provide a simple field based method to account for these animal and feed differences on the
principle that differences in FDR of CrEDTA will reflect differences in GFR of creatinine and
clearance rate of allantoin.

This experiment measured MCP production, GFR and FDR of CrEDTA in steers
consuming a rye grass hay (Lolium multiflorum) or a pangola grass hay (Digitaria erianthd).
The paper also collates data from our laboratory on allantoin and creatinine excretion in Bos
indicus cross bred cattle.

2. MATERIALS AND METHODS

2.1. Animals and management

The experiment was carried out at the Mt. Cotton property of the University of
Queensland. Four, 2 year old Brahman-cross steers (349 +15.4 kg) were used in this trial.
The animals were allowed a 2 week preliminary feeding period in pens and were fed on either
rye grass hay {Lolium multiflorum) or pangola hay {Digitaria eriantha) in a cross-over design.
For the 7 day experimental period, the steers were moved into metabolism crates and fed at a
feeding level calculated as 95% of the ad libitum amount, as determined from the preliminary
feeding period. Diets were offered once daily and fresh water was available freely.

2.2. Measurements and chemical analyses

After a 2 week preliminary feeding period on each of the diets, dry matter intake and
urine and faeces production were measured for each steer over a 7-day collection period. Sub-
samples of both the feed offered and feed refused were stored daily and bulked. At the
completion of the 7-day measurement period, further sub-samples were taken from the bulk
feed offered and refused. All feed samples were weighed and dried for DM analysis and
reweighed and ground through a 1 mm screen for OM, neutral detergent fibre (NDF) and N
analyses.

A 10% sub-sample of faeces was collected daily and frozen. At the end of the
measurement period, these samples were mixed and stored in a freezer prior to freeze-drying.
Following this, freeze-dried samples were ground through a 1 mm screen for OM, NDF and N
analyses. Separate faecal samples were also taken for DM analysis.

Urine was collected daily into trays containing specific amounts of 10% sulphuric acid
(H2SO4) so that the pH was kept below 3. Urine volumes were measured and a 2% sub-sample
was taken and bulked for each animal and stored in a refrigerator. At the end of the 7-day
measurement period, samples of the bulked urine were taken and frozen for subsequent N and
PD analysis. The samples for PD analysis were processed immediately prior to storage via the
following procedure. A 5 ml urine sample was taken from each of the bulked urine samples.
This was mixed with 1 ml of internal standard (allopurinol) in a 50 ml test tube and the
sample diluted to 50 ml with ammonium phosphate buffer (0.1M NH4H2PO4). This sample
was frozen until analysis by the modified HPLC method [9].

23. Marker injection procedure

The morning prior to the 7-day measurement period (in both periods 1 and 2), the 4
steers were individually sampled in a crush. A spot urine sample was taken from each of the
steers and stored for analysis of PD. A 20 ml blood sample was taken from the jugular,
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followed by an injection of either 50 or 20 ml of CjEDTA marker. The marker concentration
varied from 4.53 mg Cr/ml in the first injection period, when a 50 ml injection was used, to
approximately 11.92 mg Cr/ml, when 20 ml injections were given, such that the dose rate was
approximately 0.732 mg Cr/W075. Following injection of the marker, 10 ml blood samples
were taken at periodic intervals of roughly 5-10, 15, 30, 45, 60 and 75 or 90 min post-marker
injection. A separate 10 ml sample for blood PD analysis was taken prior to injection and at
75 or 90 min post-injection. As blood samples were taken, they were stored in heparin tubes
on ice until they were centrifuged for 10 min at 3 000 rpm. After centrifuging, the plasma was
stored in a freezer prior to analysis for chromium and PD.

The procedure was repeated on the afternoon of the day following the 7-day
experimental period. Morning injections and samples were taken from 0800 h, whilst
afternoon sampling was done from 1200 h.

2.4. Analytical procedures

Dry matter in the feed, residues and faeces was determined gravimetrically after oven
drying at 60°C. Organic matter of the feed, residues and faeces was determined by ashing.
NDF was measured using the Goering and Van Soest method [10], whilst N analyses of the
feed, residues, urine and faeces was carried out using the Leco combustion method, on the
LECO CNS 2000 Analyser.

PD analysis of the blood and urine samples were carried out using the HPLC Method
[9]. Chromium analysis of the blood was done via ICP (Inductively Coupling Plasma
Emission Spectrometer). Plasma samples were prepared for the ICP by using equal volumes
of plasma and 10% TCA (50:50 ratio) to deproteinize the sample. These samples were then
mixed and centrifuged, the supernatant decanted and chromium analysed after direct
aspiration into the ICP. Standards used were in a background matrix of TCA and plasma and a
recovery test was performed using the chromium standard.

2.5. Calculations

The chromium concentration data taken at various sampling times was fitted to a single
pool model with an equation of:

The intercept at time zero (t0) was used to calculate pool size. The pool size and the
slope (FDR) were used along with allantoin and creatinine concentration in plasma to
calculate the predicted excretion rate of allantoin and creatinine at the two sampling times.
The clearance rate (L/d) as estimated from CrEDTA was calculated as:

Clearance rate (L/d) = pool size x FDR x 24 x 60
The GFR of creatinine and the clearance rate of allantoin were calculated as the

measured urinary excretion of creatinine or allantoin •*• plasma concentration of creatinine or
allantoin.

The amount of MCP (g/day) was calculated using the equation for cattle, as determined
by Chen et al. [5].

2.6. Statistical analysis

The experiment used a cross-over design, utilising 4 steers in total. Urinary PD data was
analysed statistically by analysis of variance with one missing plot.
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3. RESULTS

The rye grass hay had more crude protein and less NDF than the pangola grass hay. Rye
grass also had a higher intake, digestibility and N balance than pangola grass and had a higher
efficiency of MCP production (Table I).

The allantoinxreatinine ratio (A:C) was 1.43 ± 0.200 and 0.95 ± 0.086 for rye grass and
pangola grass respectively. The creatinine excretion was higher for animals on rye grass than
pangola grass (1.45 ±0.159 vs 0.76 ± 0.036 mmole/W* 75/d respectively P <0.05).

The FDR of CrEDTA from the plasma was not significantly different between morning
and afternoon sampling times nor between diets. The GFR of creatinine and the clearance rate
of CrEDTA and allantoin differed significantly between compounds and between diets (Table
II).

TABLE I. CHEMICAL COMPOSITION, MEAN VOLUNTARY DM INTAKE (DMI), DM
DIGESTIBILITY (DMD), OM DIGESTIBILITY (OMD), N BALANCE AND MCP PRODUCTION
FOR RYE GRASS AND PANGOLA GRASS

Chemical composition
DM (g/kg)
OM) (g/kg DM)
Crude protein (g/kg DM)
NDF (g/kg DM)

Intake, digestibility and N balance
DM intake (g/kg LW/d)
DMD (%)
OMD (%)
N balance (g/d)

Microbial protein production
MCP (g/d)
MCP (g/kg DOM)

Rye grass

940
943
194
577

19 ± 0.5a
66 ± 0.4a
68 ± 0.3a
18.4±10.8a

779 ± 48.4a
191 ± 7.4a

Pangola grass

950
990

50
760

1 2 + L i b
49 + 2.7b
51 + 2.5b
-5.3 + 2.76b

179±13.lb
87 + 10.3b

Different superscripts denote a significant difference (P <0.05)

TABLE II. THE PLASMA VOLUME AS ESTIMATED FROM CrEDTA DILUTION, FDR OF
CrEDTA FROM PLASMA, GFR OF CREATTNTNE AND CLEARANCE RATES OF CrEDTA AND
ALLANTOIN IN STEERS CONSUMING RYE GRASS OR PANGOLA GRASS

Ryegrass
(SE)
Pangola grass
(SE)

Plasma volume
(L)

61.7a
(±5.73)
45.6b
(± 1.92)

FDR
(%/min.)

1.54
(±0.11)
1.26
(± 0.06)

GFR
(L/d)

Creatinine

793a
(±68.1)
289b
(± 18.6)

Clearance rate (L/d)

CrEDTA

1566a
(±215)
825b

(±87.1)

Allantoin

23 0a
(±32.8)
114b
(± 26.2)

Different superscripts within the same column denote a significant difference (P <0.05)
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4. DISCUSSION

This experiment has clearly shown that efficiency of MCP production from tropical
forages is lower than from temperate forages (Table I) with the value for rye grass agreeing
with the literature [1-3]. Prior et al. [11] found a similar value for the same rye grass hay in a
different experiment, of 185 g MCP/kg DOM whilst values for 2 tropical forages (buffel grass
and spear grass) ranged from 85-117 g MCP/kg DOM. Bolam et al. [12] found MCP
production from rhodes grass hay to range from 62-92 g/kg DOM. In a collation of a large
number of experiments Poppi et al. [4] found that most low quality diets had MCP values
ranging from 33-130 g/kg DOM, well below the 130-170 g MCP/kg DOM used in most
international feeding standards. With the same rye grass hay as used here, Prior et al. [11]
measured rumen ammonia at 112 mg N/L compared to 24-48 mg N/L for the 2 tropical
forages which indicates that RDN supply was most likely limiting. The water soluble
carbohydrates would also be low for tropical forages as would rumen water dilution rates of
0.042-0.068/h [13].

The significance of these results is the large increase in protein supply to the intestines
which would result if efficiency of MCP was increased to expected levels. For example,
increasing the efficiency of MCP production from the observed 87 to the minimum expected
value of 130 g MCP/kg DOM would result in an increase in total MCP supply from 179 to
275 g MCP/d (0.51 to 0.79 g MCP/kg LW/d). The current IAEA programme involving
smallholder dairy farmers in Africa, documents the low quality of feedstuffs usually used with
shortages in RDN, water soluble carbohydrates, pre-formed amino acids for the bacteria and
most probably very low dilution rates. In seeking to increase efficiency of MCP production it
will be important to determine which of the main factors have most influence (RDN, water
soluble carbohydrates, synchrony of energy and protein release or amino acids and dilution
rate). Bolam et al. [12] through various supplementation strategies at rates up to 2% LW
could not increase the efficiency of MCP production rapidly, and needed to supplement at
least at the 1.5% LW level to reach the 130 g MCP/kg DOM level. In most situations in
developing countries this would be too high a level of supplementation and very low levels of
supplementation are usual, certainly no greater than 0.5% live weight. In the experiment of
Bolam et al [12] they used 4 supplement types: molasses (highly degradable sugars), barley
(highly degradable starch), sorghum (medium degradable starch) and cottonseed meal
(medium degradable fibre). All supplements were balanced for RDN requirements. This
suggests that the low efficiency of MCP production from low quality forages may be difficult
to increase markedly by common strategies of RDN and WSC supply.

The PD method used here to quantify MCP supply offers a means of measuring the
microbial response to low quality roughages and any supplements used in smallholder dairy
farms. Where total urine collection is possible then good results are possible. However, this is
often not the case, especially with grazing animals and the use of creatinine as an internal
marker has been proposed. Chen et al. [6], Faichney et al. [14], Perez et al. [15] and Bolam
[16] have shown that there may be significant errors in using creatinine in this way. Bolam et
al [16] analyzed 60 individual creatinine excretion values for Bos indicus cross bred steers of
around 250 kg live weight over a range of intakes and supplements. Whilst the mean
creatinine excretion (0.93 mmol/W0 7S/d) was similar to the accepted value reported in
literature, of 0.91 mmol/W0 75/d, there was far too much variation (0.66-1.28 mmol/W0 75/d) for
it to be useful. It increased with increasing growth rate in a similar fashion to that observed by
Manuel et al. [7]. In the current experiment the differences between the diets in creatinine
excretion was large (1.45 vs 0.76 mmole/W°75/d) and indicates the nature of the problem.
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Chen et al. [8] suggested that differences in GFR between diets and between animals
would need to be accounted for if plasma allantoin levels were to be used to measure urinary
excretion. The proposition investigated here was that clearance of CrEDTA could be used to
provide an estimate of allantoin clearance. The predicted clearance of allantoin was calculated
as follows:

Predicted allantoin clearance (mmol/d) = Cr pool size (L) x [allantoin in plasma] x FDR
CrEDTA x 60 x 24.

The ratio of predicted allantoin clearance to actual allantoin excretion was calculated to
be 6.7 + 1.36 and 9.6 + 1.30 for rye grass and pangola diets, respectively. The value for
clearance is numerically much larger than the measured because allantoin will not behave like
CrEDTA and there will also be some tubular resorption. Nevertheless it might be expected
that a constant proportion would be maintained. This did not occur and suggests that
differences in allantoin clearance cannot simply be determined by reference to CrEDTA
clearance.

Measured plasma clearance of CrEDTA, creatinine and allantoin yielded interesting
results (Table II). There were significant differences between diets for all three parameters.
The order of difference CrEDTA > creatinine > allantoin agrees with other studies [7, 17].
The GFR (from creatinine) was of a similar order to cows and sheep [1, 17]. Diet influenced
plasma volume (as estimated from CrEDTA) with animals on rye grass having a higher
volume, possibly related to the higher nutrient and N intake (Table II). The FDR of CrEDTA
did not differ between diets and this constancy will be interesting to pursue further (Table III).
The disappearance of CrEDTA was fitted to a single exponential equation for which the r2 was
always greater than 0.86. There was an indication of a 2 pool model but insufficient samples
were taken in the first 15 min to delineate this [18]. Samples were taken at about 5, 10 and 15
min post-injection during this period. Whilst this may account for errors in estimating plasma
volume and hence clearance of CrEDTA and allantoin, the procedure of more frequent
sampling would be impractical in a field based method.

It may be concluded that the efficiency of MCP production for tropical forages is much
lower than that recommended by international feeding standards. The FDR of CrEDTA from
plasma does not appear to offer a simple field based method for estimating urinary allantoin
excretion nor for accounting for differences in creatinine excretion.
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