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Abstract

This study examined the in¯uence of dietary variation on the usefulness of urinary spot purine

derivatives (PD) collected at three periods (8:00±9:30, 14:00±15:30 and 20:00±21:30 hours) as

predictors of intake by cattle. Diets comprised teff (Eragrotis tef) straw, fresh and dried napier grass

and fresh napier grass supplemented with 1.5 (as fed) of dry alfalfa hay. Variation in dry matter

intake (DMI) was further ampli®ed by using calves ranging between 65 and 207 kg live weight (W).

DMI and digestible organic matter (OM) ranged from 1.36 to 7.34 and from 0.67 to 3.88 (kg per

day), respectively. The only differences (in intake, digestibility, microbial PD and N supply) among

the diets which were signi®cant at least at P�0.05 were due to supplementation with alfalfa. The

excretion of allantoin and total PD were within the ranges 3.33±47.37 and 3.60±47.37 (mmol per

day), respectively. The sampling period had no in¯uence on the concentration of PD or creatinine

(CR) nor on the PD:CR ratio in urine. Diets in¯uenced (P<0.01) PD concentration such that the

poorest quality diet (teff straw) exhibited the highest concentration, but diets had no effect on the

PD:CR ratio. The PD:CR ratio or the PD concentrations had poor correlations with the intake and

had no predictive power on their own. Further discussion was structured to develop ideas used to

model intake based on PD concentrations and predicted urine output (UOP (g per day)-

�exp(2.480�3.41 NDS)�W0.942, where NDS (g/g DM) is neutral detergent solubles). The equation

of intake on PD and UOP achieved 89% accuracy (OMI (g per day)�ÿ0.15�0.556 UOP�0.038 PD8,

where PD8 is the uncorrected PD concentration within 8:00±9:30 hours period). The slope and the
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intercept of the relationship between the predicted and observed intake were equal to 1 and 0,

respectively, as in the equation

OMI � 0:001�S:E: � 0:2099� � 1:00�S:E: � 0:072�OMIP;

�RSD � 0:422; Adjÿ R2 � 0:89; n � 24; P < 0:0001�;
where the subscript `P' denotes the predicted value. It is, thus, suggested that information on urinary

spot PD concentration should be integrated with that on rumen osmolality modulators when

developing intake models of free ranging livestock. The problem, however, is that though the

approach is simple and may have general application, the ensuing models are likely to be region-

speci®c because the pattern of UOP might be in¯uenced by climatic factors and the animal's

adaptation strategy to its environment. Further development should integrate the knowledge of the

digestion kinetics and dilution rate in the rumen to determine an appropriate lag period that should

intervene between the time feed is consumed and the time of spot-sampling such that the latter

coincides with the peak concentration of PD in the urine. # 2000 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Low intake, particularly during the dry season when feed availability is low, is one of

the major factors limiting animal production from native pasture in developing countries

in the tropical and subtropical regions. Consequently, a rough guide on how much the

animal has consumed from grazed pasture is necessary in order to intervene strategically

with supplementary feeding. Prediction of intake, and for that matter of grazing stock, is a

long-standing problem, and although numerous attempts have been made, it is but fair to

add that few of the methods had integrated intake prediction with some indices of

nutrient, particularly N, status.

Consumed feed undergoes ruminal fermentation which is coupled, to varying degrees,

with the synthesis of microbial protein. Since microbial protein synthesis is dependent on

fermentable OM and ammonia-N supply, it is hoped that if the ef®ciency of synthesis

does not vary enormously, digestible OM intake can be predicted given daily ruminal

output of microbial N. Microbial N is assimilated principally as amino acids and nucleic

acids, both of which undergo a series of metabolic processes. The catabolism of purine

bases usually yields purine derivatives (PD), which are principally, xanthine,

hypoxanthine, uric acid and allantoin. Although allantoin is quantitatively the most

abundant, the former three in the urine of ruminants vary from one species to another. It

is, therefore, not surprising that a close relationship exists between urinary excretion of

PD and duodenal supply of purines (Giesecke et al., 1984; Fujihara et al., 1987; Barcells

et al., 1993). Others (Antoniewicz et al., 1980; Chen et al., 1990a; Verbic et al., 1990)

have demonstrated that the response of PD in the blood and urine to any changes in the

uptake of exogenous purines from the intestine occurs very rapidly, though Balcells et al.

(1991) have added that allantoin is the only PD that consistently responds to changes in

exogenous purine supply.
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These studies indicate that PD measured in urine or in plasma are quantitatively related

to absorbed purine; thus suggesting that the concentration of PD in the urine would be

proportional to exogenous purines when urination is invariant. Osuji et al. (1993)

demonstrated the potential of PD concentration in total urine as a predictor of intake and

nutrient status in sheep. However, a logical step forward would be to use the

concentrations of PD in plasma or urinary spot samples as an index of intake or N status.

Unfortunately, the concentration may vary as a function of the plasma pool size or urine

volume, both of which may vary considerably as a function of dietary and environmental

factors. Others have suggested a cautionary use of the creatinine, which is excreted in a

®xed proportion relative to the metabolic body weight and is less affected by dietary

factors (Fujihara et al., 1987; Balcells et al., 1991; Chen et al., 1992a), to adjust for

variation in the urine or plasma volume. Chen et al. (1992a) have added that the variation

of the ratios of the concentrations of allantoin or PD to creatinine in spot urine may be

quantitatively small. Consequently, this study examined the concentrations of PD in

urinary spot samples as predictor of intake as such a method would lend itself quite

usefully to the prediction of intake of grazing animals.

2. Materials and methods

These studies were conducted at the Debre Zeit Research Station of the International

Livestock Research Institute (ILRI) in 1995.

2.1. Animals, housing and feeds

Twenty four castrated male Zebu (16) and crossbred (8; Zebu�Friesian) calves with

live weight (W) ranging from 65 to 207 kg (average 119 kg (S.D.�47.1)) were blocked by

breed and W. This broad W range was chosen to ensure broad ranges in intake within

treatment. Within each block calves were randomly assigned to the dietary treatments.

During the adaptation phase, calves were housed in concrete-¯oor tie stalls provided with

concrete feeding troughs. During the collection phase calves were housed in metabolism

crates which comprised six modi®ed sheep metabolism crates for younger calves and six

cattle metabolism crates.

Diets comprised teff straw alone, fresh napier grass (FNG) alone, FNG plus 1.5 kg (as

fed) alfalfa (DM 906, OM 889, N 25.8, NDF 398.7 g/kg) per head per day and dried

napier grass (DNG) alone. These diets were chosen to create variation in quality and

possibly in the quantity of food consumed. Fresh napier grass was harvested every

morning between 7:00 and 8:00 hours, immediately chopped to 3±5 cm length (using

Alvan Blanch chopper, Chelworth, Malmesbury, UK), thoroughly hand-mixed, weighed

and fed the same morning with or without alfalfa supplement. For the supplemented diet,

fresh napier grass was weighed in quantities estimated to allow ad libitum intake, hand-

mixed thoroughly with 1.5 kg of sun-dried alfalfa before feeding. Fresh napier grass was

also sub-sampled immediately after chopping and stored frozen in plastic bags. After

chopping, sampling and feeding, the remaining napier grass was spread thin in the sun to

ensure rapidly dehydration. Often napier grass was suf®ciently dehydrated to levels
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suitable for dry storage after 3 days of sun-drying. Dry napier grass was stored in bags

and labeled with the day and date of harvest. The day of harvest corresponded to the day

from the start of the trial.

2.2. Experimental procedures

Animals were offered diets ad libitum (with a refusal rate of 20%) every morning at

10:00 hours. Animals were adapted to the dietary treatments for at least 20 days. The

adaptation period of animals given dried napier grass diet was deferred for 14 days to

ensure that both forms (wet and dry) of napier grass cut on the same day were fed to

calves during the collection period. Refusals were collected between 9:00 and 10:00

hours. Dry mater of fresh napier grass and of refusal of animal fed diets containing fresh

napier grass was determined on a daily basis.

Immediately after adaptation, animals were moved into metabolism crates where they

were allowed 7 days to adapt in the crates before collection of samples for 6 days. While

in the crates, younger calve were harnessed with rubber tubes ®tted with funnel ends; the

funnel ends being placed directly under the urinary organ. Tubes harnessed on to young

calves ended in 5 l collection plastic bottles containing 450 ml of 10% H2SO4. A plastic

bucket containing 50 ml of 10% H2SO4 was also placed at the end of the collection panel

sloping below the ¯oor of the metabolism crate to guard against any spillage due to

accidental displacement of the funnel over the urinary organ. An empty fertilizer bag was

spread on the ¯oor of the metabolism crate midway to the back of the crate to ensure

complete separation of urine from faeces. In the case of older calves urine was collected

in 30 l metal bucket (containing 500 ml of 10% H2SO4) placed at the end of the collection

channel of the concrete metabolism crate. Two observers watched against anything that

could jeopardize the collection at night and during the day.

Urinary spot samples were collected between 8:00 and 9:30, 14:00 and 15:30 and

20:00 and 21:30 hours during the collection period. All urine produced between these

periods was directed into 2 l plastic bottles. After collection of a urinary spot sample,

10 ml was sub-sampled, acidi®ed with 1 ml of 10% H2SO4 and diluted four times with

fresh tap water. The whole of the diluted sub-sample was placed in a 2 l plastic bottle and

kept in a freezer. Subsequent sub-samples were added into the same collection bottle.

Urinary spot samples taken at different times from each animal were stored in separate

bottles: thus three bottles were designated for the collection of urinary spot samples for

each animal. The remaining urine was poured back into the collection bucket or bottle

after taking a spot sample.

Total urine and faeces were removed every day. Immediately after collection, urine

volume was measured and 1% of undiluted urine sub-sampled, after thorough mixing,

for total N analysis. The remaining urine was then diluted four times with fresh tap

water, and concentrated H2SO4 added and stirred, to bring down the pH to below 3.

The 1% of diluted urine was sub-sampled for each animal and pooled over the collection

days in a 2 l plastic bottle. Faeces were removed from the ¯oor immediately after

defecation into collection buckets. At the end of a collection day faeces was thoroughly

hand-mixed, sub-sampled (5%) and pooled for each calve, in a plastic bag for subsequent

analysis.
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3. Chemical and statistical analyses

Feeds, faeces and urine were analyzed for DM, OM and/or N according to standard

procedures (AOAC, 1980). NDF was determined according to Van Soest et al. (1991),

urinary allantoin according to Young and Conway (1942), but the ice bath was replaced

with an icy alcohol bath (0.40 alcohol, ÿ108C). Urinary uric acid was analyzed by auto-

analyzer according to Chen et al. (1990b).

PD of microbial origin (X; mmol) were estimated according to Chen et al. (1990c)

PD � 0:85X � C W0:75;

where PD (mmol) is the total urinary PD, C the metabolic correction factor that estimates

endogenous losses and W is the calve live weight. The metabolic correction factors were

set at 0.172 and 0.108 for Zebu and Zebu�Friesian crosses, respectively, as suggested by

Osuji et al. (1996). The daily concentration of PD in urine was estimated as a pooled

average of the concentrations of PD in urinary spot samples and in the total urine

collected at the end of each collection day. Differences between diets were analyzed

using the GLM procedure (SAS, 1987) according to the model

Yijk � m� Di �Wj � eijk;

where Yijk is the individual observations, m the overall mean, Di the average effect of ith

diet, Wj the average linear (co-variate) effect of live weight, and eijk is the error term

assumed independently and normally distributed. Differences between diets and time of

urinary spot-sampling in the concentrations of PD were analyzed according to the model

Yijkl � m� Di � Tj � �DT�ij �Wk � eijk;

where Yijkl is the individual observations, m the overall mean, Di the average effect of ith

treatment, Tj the average effect of jth time, (DT )ij the average effect of interaction of time

by diet, Wk the average linear (co-variate) effect of live weight, and eijkl is the error term

assumed independently and normally distributed. The equations reported below were

derived using simple or step-wise multiple regression analyses.

4. Results

Dietary compositions are given in Table 1 and indicate that teff straw had marginally

inferior N content relative to napier grass; both of which had large differences in the NDF

content. Supplementation increased dietary N content and reduced the ®bber content.

4.1. Intake, digestibility and N transactions

Although the intake of DM varied (P<0.001) among diets, the only remarkable

difference was due to supplementation of napier grass with alfalfa (Table 1). Drying did

not affect the intake of napier grass. These trends in the intake of DM were re¯ected on

the intake of OM, nitrogen, digestible OM and NDF although for the NDF intake

treatment differences were apparent only at (P<0.05). The digestibility of DM and OM
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Table 1

Chemical composition and least square mean intake and digestibility of teff straw, fresh napier grass (FNG), FNG plus alfalfa and dry napier grass (DNG) fed to calvesa

Teff straw (1) FNG (2) FNG�alfalfa (3) DNG (4) SED Significance

Diet 2 vs. 4 2 vs. 3

Composition (g/kg)

Organic matter (OM) 904 841 842 842

Nitrogen (N) 5.79 6.21 8.66 6.19

Neutral detergent ®bre (NDF) 675 566 502 565

Intake (kg per day)

Dry matter 2.63 2.98 4.05 2.83 0.237 *** NS ***

Dry matter (g/kg W3/4) 71.1 80.9 108.5 76.7 5.01 *** NS ***

OM 2.37 2.51 3.40 2.38 0.197 *** NS ***

N (g per day) 15.9 18.8 35.9 18.1 4.00 *** NS ***

NDF 1.76 1.68 2.01 1.60 0.113 * NS *

Digestible OMI 1.30 1.38 2.14 1.25 0.190 *** NS ***

Digestibility (g/kg)

Dry matter 547 523 604 496 36.2 * NS *

Organic matter 568 541 617 525 36.3 * NS *

Ranges (kg) of initial live weight and intake of

Live weight 65±176 72±192 82±207 68±176

Dry matter 1.36±4.10 1.85±5.10 2.69±7.34 1.62±4.25

Organic matter 1.23±3.72 1.56±4.29 2.23±6.15 1.36±3.58

Digestible OM 0.85±1.86 0.74±2.52 1.17±3.88 0.67±1.65

a NS�P>0.05; * P<0.05; *** P<0.001.
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Table 2

Urine output and least square mean urinary excretion of nitrogen, creatinine, purine derivatives and microbial N supply of calves fed on teff straw, fresh napier grass

(FNG), FNG plus alfalfa or dry napier grass (DNG)a

Teff straw (1) FNG (2) FNG�alfalfa

(3)

DNG (4) SED Significance

Diet 2 vs. 4 2 vs. 3

Urinary products

Urine output (g per day) 3254.3 4745.4 6422.2 4863.9 559.95 ** NS **

Nitrogen (g per day) 3.17 3.60 7.14 4.21 0.850 *** NS ***

Creatinine (mmol per day) 13.55 12.43 15.29 12.39 3.807 NS NS NS

Allantoin (mmol per day) 13.19 13.63 26.38 15.57 4.624 * NS *

Uric acid (mmol per day) 2.86 3.25 4.15 3.27 0.879 NS NS NS

Total PD (mmol per day) 16.05 16.89 30.53 18.84 5.266 * NS *

Supply of microbial

PD (mmol per day) 24.96 26.93 57.24 31.30 6.191 * NS *

N (g per day) 18.14 19.58 41.61 22.76 4.501 * NS *

Ef®ciency (g/kg OMADR)& 18.13 21.10 27.21 24.34 3.485 NS NS NS

Ranges in the excretion of

Allantoin 5.13±24.02 8.49±14.88 12.48±47.37 8.71±18.56

Total PD 7.01±27.90 11.02±18.17 16.17±55.88 10.81±23.14

Microbial N 4.61±37.17 10.37±23.00 11.31±80.68 10.88±29.01

a NS�P>0.05; * P<0.05; ** P<0.01; *** P<0.001; &: organic matter apparently digested in the rumen (OMADR) was assumed to be 0.75 (Osuji et al., 1993).
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varied signi®cantly (P<0.05) among diets. Supplementation of fresh napier grass with

alfalfa increased digestibility (P<0.05) while drying tended to depress digestibility.

The non-supplemented diets had similar daily urinary N output, while supplementation

with alfalfa increased (P<0.001) N output considerably. The excretions of creatinine and

uric acid were independent of the dietary treatments. As expected the daily outputs of

allantoin and total PD, and microbial N supply were highest in cattle supplemented with

alfalfa and differed (P<0.05) from the rest of the dietary treatments. Drying of napier

tended to increase (P>0.05) urinary output of PD, microbial N supply and its ef®ciency of

synthesis (Table 2).

4.2. Ranges and daily patterns of the concentration of PD in the urine

The intake of digestible OM (DOMI; kg per day) ranged from 0.67 to 3.88 (Table 1)

while the excretion of allantoin and total PD ranged from 3.33 to 47.37 and from 3.60 to

47.37 (mmol per day), respectively, and thus provided satisfactory variation upon which

to test the predictability of intake using urinary PD. It is interesting that the sampling

period had little or no in¯uence at all on the concentration of PD or of creatinine in urine

(Table 3). Dietary treatments however, had strong (P<0.001) in¯uences on the

concentrations of PD and creatinine in the urinary spot samples. The mean concentrations

were highest with the teff straw diet and lowest with the dry napier diet. Supplementation

Table 3

The variation of the least square mean concentrations (mmol/l) of purine derivatives (PD) and creatinine with

time of spot sampling of urine for calves fed on teff straw, fresh napier grass (FNG), FNG plus alfalfa or dry

napier grassa

Diet Sampling

time (hours)

Allantoin

(AL)

Uric

acid

Total

PD

Creatinine (CR) AL:CR

ratio

PD:CR

ratio
mmol/l mmol/l kg W3/4

Teff straw 08:00±09:30 6.74 1.85 8.59 5.32 0.164 53.2 68.1

14:00±15:30 7.07 1.22 8.30 5.68 0.173 47.6 53.9

20:00±21:30 6.66 1.27 7.93 5.92 0.178 46.1 54.0

Fresh napier (FN) 08:00±09:30 3.31 0.75 4.06 2.69 0.075 48.9 59.0

14:00±15:30 3.13 0.64 3.77 2.55 0.077 60.4 73.6

20:00±21:30 3.32 0.56 3.88 2.61 0.081 72.5 79.8

FN plus alfalfa 08:00±09:30 2.63 0.72 3.35 1.47 0.049 91.3 116.0

14:00±15:30 5.44 1.07 6.51 4.77 0.132 46.0 54.9

20:00±21:30 4.74 1.01 5.74 3.10 0.093 61.3 74.1

Dry napier 08:00±09:30 2.10 0.45 2.55 1.99 0.063 26.4 35.9

14:00±15:30 4.00 0.66 4.66 3.22 0.095 42.2 49.3

20:00±21:30 1.67 0.44 2.11 1.74 0.044 155.4 195.7

SED 1.227 0.302 1.424 1.120 0.0328 55.51 67.91

Signi®cance

Diet *** *** *** *** *** NS NS

Time NS NS NS NS NS NS NS

a NS�(P>0.05); *** P<0.001.
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with alfalfa tended to increase the total PD concentration relative to the non-

supplemented fresh napier diet.

4.3. Interrelationships between intake and purine derivatives

The concentration of PD and allantoin (AL) in urinary spot samples had very poor

correlations with the total PD output, DM and digestible OM intake irrespective of the

collection time (Table 4).

The concentration of PD in urinary spot samples had moderate correlations (0.43±0.59)

with the daily PD concentration. The allantoin concentration in the daily urine was

strongly correlated to total PD concentration, had a modest correlation with the total PD

output but had very poor correlations with the intakes of DM and digestible OM. On the

other hand intake of digestible OM had good correlations with daily output of PD

(r�0.64) and allantoin (r�0.66). Thus, the regression equations given in Table 5 indicate

that allantoin concentration in a daily sample and allantoin output would account

signi®cantly (P<0.001) for 98 and 99% of the variation in PD concentration and PD

Table 4

Correlation coef®cients of concentrations of purine derivatives (PD) in urinary spot samples with PD

concentration in total daily urine sample (PDC), total PD output (PDO), dry matter intake (DMI) and digestible

organic matter intake (DOMI) during various sampling times (hours)a

Sampling time (hours) PDC PDO DOMI DMI

Concentrations of total PD in spot samples

08:00±09:30 0.43* ÿ0.19 ÿ0.22 ÿ0.27

14:00±15:30 0.60** 0.03 ÿ0.09 ÿ0.15

20:00±21:30 0.55** 0.20 0.12 0.02

Mean 0.59** 0.02 ÿ0.08 ÿ0.17

Concentrations of allantoin in spot samples

08:00±09:30 0.40 ÿ0.16 ÿ0.21 ÿ0.26

14:00±15:30 0.58** 0.01 ÿ0.08 ÿ0.14

20:00±21:30 0.55** 0.22 0.13 0.03

Mean 0.59** 0.01 ÿ0.07 ÿ0.15

Total PD:creatinine ratio in spot samples

08:00±09:30 ± 0.16 0.36 0.29

14:00±15:30 ± ÿ0.12 ÿ0.08 0.01

20:00±21:30 ± ÿ0.14 ÿ0.16 ÿ0.17

Mean ± ÿ0.09 ÿ0.02 ÿ0.04

Allantoin:creatinine ratio in spot samples

08:00±09:30 ± 0.15 0.34 0.27

14:00±15:30 ± ÿ0.14 ÿ0.09 ÿ0.02

20:00±21:30 ± ÿ0.14 ÿ0.16 ÿ0.17

Mean ± ±0.09 ±0.03 ±0.05

Allantoin concentration in pooled sample 0.99*** 0.58** 0.01 ÿ0.10

Allantoin daily production 0.52* 0.99*** 0.66*** 0.60**

DOMI ÿ0.07 0.68*** ± ±

a NS�(P>0.05); * P<0.05; ** P<0.01, *** P<0.001.
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output, respectively, while PD output and allantoin output in urine accounted signi®cantly

(P<0.001) for 42 and 43%, respectively, of the variation of DOMI.

5. Discussion

5.1. Effect of drying, roughage type and of supplementation

The roughage diets used in this study had similar contents of crude protein, which were

within the range 37.0±55.4 g/kg. This range is far lower than 90 g/kg which is perceived

as the minimum at which microbial requirement for N could be met (Nsahlai, 1991). The

quality of teff straw was, however, worse than that of napier grass as indicated by the

®bber content (670 versus 556 g/kg). This could, thus, explain why napier grass tended to

be superior to teff straw in terms of ef®ciencies of microbial N supply. The results on the

two forms of napier grass suggest that rapid drying may not be detrimental to feed quality

or microbial activity. It appears that the intake, digestibility and microbial N synthesis of

animals fed on the non-supplemented diets were limited by feed N content and/or

available carbohydrates which when provided through supplementation with modest

amounts of alfalfa did not only improve these attributes but resulted to improved

ef®ciency of microbial protein synthesis (27.2 g microbial N per kg OMADR). As with

other studies (Chen et al., 1992d; Puchala and Kulasek, 1992; Barcells et al., 1993; Osuji

et al., 1993) total urinary PD responded strongly to increased intake of digestible OM

(Table 5).

The ef®ciency of microbial N supply observed for teff straw in this study was however

higher than has been reported elsewhere for sheep (Bonsi et al., 1996) and cattle (Ebro

et al., 1995) fed on similar diets. This does not dismiss the possibility that the method of

computation may not be satisfactory for animals fed on low quality diets. Recoveries of

microbial PD, as in the procedures suggested by Chen et al. (1990c) were obtained in

circumstances where the animals (Bos taurus) were maintained on intra-gastric nutrition

which could alter N metabolism since this method can induce 10 times more urine than

under normal feeding conditions (Puchala and Kulasek, 1992). There is little or no data

on the signi®cance of nitrogen de®ciency on the extent of recycling of plasma PD into the

rumen, let alone of salvage of purine bases for other metabolic purposes in cattle which

Puchala and Kulasek (1992) contends could be high in undernourished stock. Equally

Table 5

The regression relationships of purine derivative (PD) concentration (mmol/l), PD output (PDO; mmol per day),

digestible organic matter (OM) intake (kg per day) on allantoin concentration (AL) in the total daily urine

sample, total allantoin output (ALO) and PDO

Dependent variable Equations RSD R2 P less than

PD concentration 0.06(S.E.�0.003)�1.16(S.E.�0.035)AL 0.070 0.98 0.001

PD output 1.55(S.E.�0.409)�1.11(S.E.�0.023)ALO 1.075 0.99 0.001

Digestible OM intake 0.63(S.E.�0.261)�0.05(S.E.�0.012)PDO 0.644 0.42 0.001

Digestible OM intake 0.68(S.E.�0.242)�0.06(S.E.�0.014)ALO 0.634 0.43 0.001
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important is the unknown extent to which severe nutrient de®ciencies could in¯uence

urinary PD excretion. Antoniewicz et al. (1980) and Chen et al. (1992b) have

demonstrated that endogenous PD excretion can change as a result of alterations in the

protein supply. Given the suggestion that endogenous urinary N excretion is lower in Bos

indicus than in B. taurus (ARC, 1980), and that one strategy by which B. indicus survive

on poor quality tropical feeds is to recycle more nitrogen into the rumen (e.g. through

saliva) than B. taurus cattle, it is quite conceivable that the recovery proposed by Chen

et al. (1990c) for B. taurus may not be applicable to B. indicus and their crosses fed on

low quality roughage diets. It is, therefore, be®tting to suggest that work should be done

to estimate the in¯uence of diet quality and breed of cattle on the recovery of PD in

tropical livestock.

5.2. Predictability of intake using urinary purine derivatives

One erroneous assumption when using PD as indicator of intake is that the

concentration of PD in the urine of animals will necessarily increase with feed quality

which may not be the case as in this trial, in which the poorest quality diet, teff straw,

elicited higher concentrations than moderate to high qualities ones. Since the dried napier

diet sustained similar intake of digestible OM like the teff straw diet, it is quite likely that

the superior PD concentrations in the urinary spot samples of cattle fed on the latter diet

may be related to inherent differences in dietary neutral detergent solubles (as discussed

below). This indicates that although the quality of diets may in¯uence microbial N

supply, the concentration of PD in urinary spot samples may not re¯ect this effect for

reason related to urine volume and/or tissue catabolism, particularly when energy intake

is insuf®cient to meet maintenance needs. It is, therefore, not surprising that the PD

concentrations had weak correlations with intake. The corrected PD concentration (or

PD:CR (creatinine) ratio) gave improved correlations with intake, though these were still

fairly weak and certainly of no predictive value (Table 4); an observation that agrees with

Puchala and Kulasek (1992).

Adjusting for urine volume as done above did not render this procedure a predictive

one for feed intake by cattle. For a given roughage diet the passage rate of particles

through the rumen decreases as body weight increases with the consequence that while

digestibility may improve with W (Illius and Gordon, 1991; Cheeke and Palo, 1995), the

ef®ciency of microbial N supply may decrease accordingly (Chen et al., 1992c). The

range of live weights used in this study may partly explain why the relationships between

intake and either allantoin or PD output were not as good as reported for sheep in a

previous communication (Osuji et al., 1993). In addition, the plasma pool of PD and

urinary PD respond rapidly to changes in the uptake of exogenous purines from the

intestines (Fujihara et al., 1987; Chen et al., 1990b; Verbic et al., 1990). This implies that

a peak supply of purines at the intestines will have a corresponding peak concentration of

PD in the plasma and in the urine if micturition is invariant. The supply of purine bases

depends on the volume of, and balance between synthesis and recycling of microbial

matter through lysis in the rumen, while for a given feed at any given time the volume of

synthesis of microbial matter is dependent on intake, digestion rate and the lag phase

intervening between consumption and digestion. The lag phase is important for the initial
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hydration and colonization of feed particles and is expected to be shorter for the neutral

detergent solubles than for NDF. It can, thus, be envisaged that the peak production of

microbial matter from a given roughage diet may occur at some time immediately

following the lag phase of the cell wall constituent. This argument suggests that there is

an appropriate post-prandial period at which PD in urinary spot samples will show strong

correlations with intake. Furthermore, when feed is given ad libitum, animals do not eat

continuously, but consume feed in large meals sometimes punctuated by small helpings

(Sauvant et al., 1996). This means that the supply of microbial matter at the post-ruminal

gut will have peak periods depending on meal periods, the size of each peak being

proportional to the meal size.

Assuming that the peak supply of purine bases after the current meal is independent of

the peak supply during a previous meal, it follows that daily intake may not correlate at

any reasonable degree with the concentration of PD in a urinary spot samples collected at

anyone time in a day for animals fed ad libitum. In other words, the variation in intake

should be explained by a multiple of PD concentrations in the urine collected at some

appropriate times following the termination of meals. A test of the multiple contribution

of sampling times using stepwise multiple regression of DOMI on the corrected spot PD

concentrations showed that only concentrations within the period 8:00±9:30 hours could

explain only 12.8% of the variation. This could be the result of collection periods not

taking cognisance of appropriate lag phase (which is intended to accommodate the time

delay in processes intervening between ingestion and excretion via urine) and also of

outliers. When four outlying points were eliminated, the corrected PD concentrations in

spot samples collected after 8:00 hours (x1) and 14:00 hours (x2) accounted for 27% of the

variation as in the equation

DOMI�kg per day� � 0:391� 0:0044�0:00221�x1 � 0:0203�0:01098�x2;

�RSD � 0:722; Adjÿ R2 � 0:27; n � 20�:
The discussion that follows will attempt to suggest what should be done in circumstances

where neither the feeding patterns nor the outliers are known by building on weaknesses

suggested above.

When a given feed is offered ad libitum to animals with varying body weights the PD

concentration and corrected concentration in urinary spot samples may vary within

narrow bounds (Chen et al., 1992a) despite that intake may vary quite widely. This is

because the animal consumes both water and feed to meet metabolic needs; thus it is the

ratio of dry matter consumed to water intake that is proportional to urinary PD

concentrations. We are not sure how to predict water intake, and thus have resorted to use

urine output as a correlate, albeit quite oblivious that the latter is in¯uenced by

management, environmental factors, seasonality of weather and, physiological status

(including work load) and adaptation. Since, animals tend to maintain homeostasis of

some blood metabolites, it was assumed that if the supply of water is non-limiting, water

intake and thus urine output, within an environment, will be in¯uenced principally by

feed factors that modulate rumen osmolality (Faichney et al., 1981) and by body weight.

Therefore, the role of modulator of rumen osmolality was ascribed to the neutral

detergent soluble (NDS; g/g DM) contents of feeds, which was then used together with
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body weight (W; kg) in a deterministic fashion to develop the following predictive

equation for urine output (UOP, g per day)

UOP�g per day� � exp�2:480� 3:41NDS�W0:942:

Increasing NDS in feeds could exert two counterbalancing effects on PD concentration

in urine viz. (1) it could stimulate microbial N synthesis and improve its ef®ciency of

synthesis in the rumen thus increasing post-ruminal microbial protein supply and

eventually urinary PD excretion; and (2), it increases water intake, liquid dilution rate

(Faichney et al., 1981) and may result to dilution of excretion products, including PD, in

urine. Instead of using the concentration of creatinine as a urine volume indicator (Chen

et al., 1992a) our inclination was that the PD concentrations in urinary spot samples

might be an appropriate estimator of intake when water intake and/or UOP are kept

constant. This view is substantiated by the stepwise regressions of either OMI or DOMI

on UOP, PD and allantoin concentrations in urinary spot samples (Table 6). The direction

of the effects of PD, AL and their mean daily concentrations on either DOMI or OMI

support the above suggestion although the in¯uences of both PD and AL were signi®cant

for DOMI alone. Relationship involving the mean concentrations of PD and AL were not

any more stable than those based on individual spot samples (Table 6) and may not justify

the expenditure on repeated sampling for its own sake.

Fig. 1, illustrates the pattern of the observed intake plotted against intake predicted

using the equations in Table 6. The strengths of the relationships are demonstrated by the

slopes being equal to 1 and the intercepts being equal to 0 in the following equations:

OMI � 0:001�0:2099� � 1:00�0:072�OMIP;

�RSD � 0:422; Adjÿ R2 � 0:89; n � 24; P < 0:0001�;
DOMI � 0:003�0:1186� � 1:00�0:070�DOMIP;

�RSD � 0:263; Adjÿ R2 � 0:90; n � 24; P < 0:0001�;

Fig. 1. The relationships between the observed and the predicted intakes of organic matter (OMI) and digestible

organic matter (DOMI).
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Table 6

The regression of organic matter (OM) intake (OMI, kg per day) and digestible OMI (kg per day) on uncorrected urinary spot concentrations (mmol/l), of purine

derivative (PD) or allantoin (AL) and predicted urinary output (UOP, kg per day)a

S. No. Dependent variable Equations (n�24) RSD AdjÿR2 P less than

1 OMI ÿ0.15(S.E.�0.283)�0.556(S.E.�0.0427)UOP�0.038(S.E.�0.0258)PD8 0.433 0.89 0.001

2 OMI ÿ0.14(S.E.�0.279)�0.555(S.E.�0.0424)UOP�0.047(S.E.�0.0320)AL8 0.433 0.89 0.001

3 OMI ÿ0.37(S.E.�0.296)�0.559(S.E.�0.0391)UOP�0.075(S.E.�0.0329)PDM 0.407 0.90 0.001

4 OMI ÿ0.35(S.E.�0.291)�0.557(S.E.�0.0389)UOP�0.088(S.E.�0.0390)ALM 0.408 0.90 0.001

5 DOMI ÿ0.49(S.E.�0.170)�0.346(S.E.�0.0250)UOP�0.075(S.E.�0.0186)PD20 0.269 0.89 0.001

6 DOMI ÿ0.46(S.E.�0.171)�0.344(S.E.�0.0256)UOP�0.085(S.E.�0.0223)AL20 0.275 0.89 0.001

7 DOMI ÿ0.47(S.E.�0.229)�0.352(S.E.�0.0303)UOP�0.063(S.E.�0.0255)PDM 0.315 0.85 0.001

8 DOMI ÿ0.43(S.E.�0.228)�0.349(S.E.�0.0306)UOP�0.070(S.E.�0.0306)ALM 0.320 0.85 0.001

a Numeric subscripts denote the time during which spot-sampling commenced while M-subscript denotes the mean concentration of the urinary spot samples.
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where the subscript `P' denotes the predicted value. It is, thus, suggested that information

on urinary spot excretion products, such as the concentration of PD, should be integrated

with that on rumen osmolality modulators inherent in feeds in the development of intake

models of free ranging livestock. This approach is simple to implement and has the

advantage of reducing analytical cost without any loss in precision. The problem

however, is that though the approach may have general application, the ensuing models

may be region speci®c because the pattern of UOP will be in¯uenced by the climatic

factors as well as by the animal's adaptation strategy to its environment. These models

could be improved by integrating knowledge of the rates of digestion and of passage in

the rumen to determine an appropriate lag period that should intervene between the time

feed is consumed and the time of spot sampling such that the latter coincides with the

period of peak concentration of PD in the urine.
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