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SUMMARY 
The study examined the potential of using purine nitrogen index in urine 

samples as an on-farm diagnostic tool for estimating nitrogen utilization 
efficiency in goats. Four iso-nitrogenous concentrate mixtures were prepared 
by using four different oil cakes as protein supplements for the feeding of 
animals in four different treatments [deoiled groundnut cake, deoiled mustard 
cake, deoiled soybean meal and cotton seed cake]. Eight adult Barbari goats 
were fed maintenance diets comprised of wheat straw and either one of the 
concentrate mixtures (50:50) in a replicated 4x4 Latin Square Design. The 
purine derivatives excretion, microbial nitrogen supply, nitrogen retention and 
purine nitrogen index were higher (P<0.05) in animals fed soybean meal when 
compared to those fed mustard cake. The purine nitrogen index responded to 
dietary treatments and had positive relationship (r=0.90) with daily nitrogen 
balance. In spot urine samples collected at six hourly intervals, the relationship 
between purine nitrogen index and the daily nitrogen balance was the highest 
at 0 h post feeding (r=0.81) when compared to that estimated from the 
samples collected at 6 h, 12 h and 18 h post feeding. Moreover, the purine 
nitrogen index in spot urine samples collected immediately after feeding 
better represented that estimated from total daily urine collection (r=0.91) 
than other times. The study revealed that purine nitrogen index serves as a 
tool for assessing efficiency of nitrogen utilization in goats under farm 
conditions and the collection of spot urine at the time of feeding better 
represents the index of total daily urine collection than other times.  

Keywords: goats, microbial nitrogen supply, nutrient utilization, oil cakes, 
purine nitrogen index. 
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INTRODUCTION 
Feed resources are the limiting factor for animal production in developing 

countries. Therefore, the strategy for improving production is to maximise the 
efficiency of utilization of available feed resources in the rumen by providing 
optimum conditions for microbial growth. Inefficient utilization of feeds results 
in wastage of large quantities of nutrients, particularly nitrogen, adding to the 
cost of production and ultimately leading to environmental pollution (Subba, 
1997). Thus, investigation of protein utilization has become one of the 
important areas of the study, which necessitates the estimation of the amount 
of protein digested and absorbed from the intestine. In ruminants the rumen 
microbes are able to convert fibrous feeds and low quality protein into 
essential nutrients for the host animal. The microbial protein synthesis in the 
rumen is dependent on ammonia nitrogen supply and digestible organic 
matter intake (Wanapat and Pimpa, 1999). The methods generally used for 
determining rumen microbial protein synthesis depend on the use of natural 
microbial markers such as SSU (small sub unit) rRNA and DAPA (diamino-
pimelic acid) or isotopes of 35S, 15N, and 32P. The idea of using purine 
derivatives (PD: allantoin, uric acid, xanthine and hypoxanthine) as an indirect 
measure for rumen microbial biomass was suggested by Topps and Elliot 
(1965). Purines in dietary materials are degraded rapidly by microbial enzymes 
in the rumen (Smith and McAllan, 1970; McAllan and Smith, 1973) and they 
are therefore, likely to be present in negligible concentration in digesta leaving 
the rumen. The microbial purines on the other hand remain intact in living 
microbial cells and pass via the abomasum to the small intestine where they 
are degraded enzymatically to nucleotides and purine bases which in turn get 
absorbed. Therefore, the amount of PD in the urine can be used to predict the 
flow of microbial purines into the duodenum, thus quantifying the intestinal 
absorption of amino acids of microbial origin (Verbic et al., 1990; Susmel et al., 
1994; Djouvinov and Todorov, 1994). The prediction of microbial protein 
production using urinary PD has special interest since it overcomes the 
disadvantages of other conventional methods. This technique is non invasive 
and simple by avoiding the need for fistulated animals and those 
measurements related to digesta and microbial marker kinetics. Purine 
nitrogen index (PNI) i.e. the ratio of PD nitrogen to total nitrogen in urine has 
been proposed as an index of the utilization of nitrogen in the rumen 
compared to the amount wasted in the urine (Chen et al., 1999). Therefore, 
the study examined the PNI and nitrogen utilization in goats fed different oil 
cakes and evaluated the use of PNI in spot urine samples as an on farm 
diagnostic tool for estimating nitrogen utilization efficiency in goats. 
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Table 1 Composition of concentrate mixtures and wheat straw 

Particulars GNC MC SBM CSC 
Wheat 
straw 

Physical composition of concentrate mixture 
Crushed maize 48 48 48 48 - 
Groundnut cake 13 - - - - 
Mustard cake - 15 - - - 
Soybean meal - - 12 - - 
Cottonseed cake - - - 17 - 
Wheat bran 36 34 37 32 - 
Mineral mixture 2 2 2 2 - 
Salt 1 1 1 1 - 
Vitamin premix (g/100kg) 25 25 25 25 - 

Chemical composition of feeds offered 
Organic matter 90.58 90.1 91.31 91.93 91.39 
Crude protein 14.47 14.49 14.52 14.48 3.05 
Ether extract 2.21 2.21 2.23 2.13 1.05 
Neutral detergent fibre 44.02 43.48 44.49 45.88 80.61 
Acid detergent fibre 11.78 12.06 11.66 13.17 51.39 

 
 
MATERIAL AND METHODS 
Animals, diets and experimental design 
Eight adult Barbari goat bucks (19.71±0.67 kg mean body weight) about 2 

years of age were used for this study. Four iso-nitrogenous concentrate 
mixtures (CM) (Table 1) were prepared by using four different oil cakes as 
protein supplements for the feeding of animals in four different treatments 
[CM with deoiled groundnut cake (GNC), CM with deoiled mustard cake (MC), 
CM with deoiled soybean meal (SBM) and CM with cotton seed cake (CSC)]. A 
replicated 4 X 4 Latin square design using 2 squares of 4 goats (Kuehl, 2000) 
were used for this experiment which consisted of four 30-day feeding periods. 

Animals were fed at maintenance requirement (NRC, 1981) with a mixed 
diet of wheat straw and either one of the CM (50:50 on dry matter basis) once 
daily at 9 am after the removal and collection of the residue feed. Water was 
made available ad libitum thrice daily (10.30 h, 14.30 h and 20.30 h). During 
last 8 days of each feeding period, the animals were placed in individual 
metabolic cages, which facilitate the separate collection of faeces and urine. 
During the metabolism trial, the feeding schedule of the animals remained the 
same as during the feeding trial. Representative samples of feed offered, 
residue left and faeces voided were brought daily to the laboratory for further 
chemical analysis. The daily urine was collected into clean plastic containers 
containing 50 ml of 10% H2SO4. The acid was added as preservative ensuring 



Archiva Zootechnica 14:2, 76-91, 2011 

 

79 

 

that the final pH level remained below 3. At the time of sampling, the pH of the 
urine was again checked and adjusted accordingly. The collected urine samples 
were filtered using glass wool, a representative sample was taken as sub-
sample and 20 ml aliquot was taken in two plastic vials for analysis. The plastic 
vials were stored at–20oC until analysis. Spot urine collections were performed 
during last two days of the metabolism trial for which, each day (24 h) was 
divided into four sampling periods each comprising a time interval of six hours, 
starting immediately after feeding (designated as 0 h). The first urine excreted 
by animals in each sampling period was collected and a fixed sample (20 ml) 
was transferred into plastic vials (containing 2 ml of 10% H2SO4). The samples 

of feed, faeces and urine collected during the metabolism trial were processed 
and stored following approved protocols (IAEA-TECDOC- 945, 1997).  

 
Measurements and chemical analysis 
Measurement of apparent total tract digestibility of dry matter (DM) and 

organic matter (OM) was calculated from the total collection of faeces. A 
sample of each daily faecal collection was homogenized, weighed and dried to 
estimate total faecal DM production. Feed and faecal samples were analysed 
using the standard methods of AOAC (1995) for DM (ID 967.03), OM (ID 
942.05), crude protein (ID 990.03), ether extract (ID 920.39) and acid detergent 
fibre (ID 973.18). Neutral detergent fibre in samples was estimated according 
to Van Soest et al. (1991) Urine samples were analyzed for nitrogen by Kjeldahl 
method. Allantoin, uric acid and creatinine in urine samples were analyzed by 
the HPLC method of Resines et al. (1992) with some modifications (George et 
al., 2006 a). Hypoxanthine and xanthine were analyzed by the enzymatic 
method, according to the procedure of Chen and Gomes (1992).  

 
Calculations and statistical analysis 
The amount of microbial purines absorbed (X, mmol/d) corresponding to 

the PD excreted (Y, mmol/d) was estimated following suitable modifications in 

curvilinear model Y = 0.84 X + (0.150 W
0.75 

e-0.25x) of Chen et al. (1990) in intra-
gastric fed sheep, [0.84 represents the recovery of absorbed purines as PD in 

urine, 0.150 W
0.75 

e-0.25x represents endogenous urinary PD contribution where 

W
0.75 

represents the metabolic body weight (kg) of animal] as follows:    

X = Y – (EPD W
0.75 

e-0.25x) / 0.74.  
Where, X is microbial purines absorbed (mmol/d), Y is urinary PD excretion 

(mmol/d), EPD, the endogenous urinary PD excretion (µmol/kgW
0.75

/d) for 
goats is 250 (George, 2007). The slope of 0.74 in equation represents the 
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recovery of absorbed purines as PD in urine of goats (Belenguer et al., 2002; 
Mota et al., 2008). 

The supply of microbial nitrogen (MN) was estimated as follows, from the 
relationship derived by Chen and Gomes (1992): 

MN (gN/d) =70 X / (0.116 x 0.83 x 1000) = 0.727 X, 
Were, X is microbial purines absorbed (mmol/d). 
The assumptions made in the above equations are, 
i) Digestibility of microbial purines is assumed to be 0.83.  
ii) The nitrogen (N) content of purines is 70 mg N/mmol. 
iii) The ratio of purine N : Total N in mixed rumen microbes is taken as 

11.6:100. 
PNI was estimated as follows: 
PNI = [Urinary PD (mmol/d) X 0.056] / Urinary nitrogen (gN/d) 
Digestible organic matter apparently fermented in the rumen (DOMR) was 

calculated from the relationship derived by Chen and Gomes (1992) as follows: 
DOMR = Feed intake × DM content (%/100) × OM content (%/100) × OM 

digestibility (%/100) × 0.65 
The various data sets were subjected to Analyses of variance (ANOVA) 

procedure according to a Latin square design using the General Linear Model 
(GLM) of the SAS system for windows. Treatment means was compared by 
using Duncan's New Multiple Range Test (Steele and Torrie 1980). The 
statistical model is shown below: 

Y = μ + α + β + γ(α) + t + ε, 
where μ is the overall mean, α is the random effect of the square, β is the 

random effect of period, γ(α) is the random effect of goat within the square, t 
is the fixed effect of treatment, and ε is the random error. 

Assessment of spot urine sampling technique was further done by 
calculating the Pearson correlation coefficient of the PNI of spot urine samples 
collected during various sampling times with that of the total urine and the 
daily nitrogen balance.  

 
 
RESULTS  
Nutrient digestibility and nitrogen balance 
The intake (g/d) and total tract digestibility (%) of DM, OM, crude protein 

(CP), ether extract (EE) and fibre fractions (NDF and ADF) in goats are 
summarized in Table 2. Intake of various nutrients and fibre fractions was 
similar (P>0.05) among the treatments. The digestibility of DM and OM was 
higher (P<0.05) when SBM was fed when compared to MC and CSC. The 
digestibility of CP differed (P<0.05) among various treatments and the value 
was highest (P<0.05) when fed SBM followed by GNC, CSC and MC. However, 
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the value of digestibility of CP of goats fed CSC was comparable (P>0.05) with 
that fed GNC and MC. The digestibility of EE was similar (P>0.05) among all the 
treatments. The digestibility of fibre fractions was lower (P<0.05) in goats fed 
MC compared to those fed SBM. However, the values were similar (P>0.05) in 
goats fed GNC and CSC.  

 
Table 2 Intake (g/d) and digestibility (%) of nutrients 

Parameters GNC MC SBM CSC SEM 

Dry matter 
Intake 483.78 479.11 479.86 482.79 17.96 
Digestibility 56.86

ab
 53.08

b
 58.55

a
 53.63

b
 1.84 

Organic matter 
Intake 441.65 437.05 438.27 442.47 16.57 
Digestibility 60.59

ab
 57.36

b
 62.42

a
 57.64

b
 1.78 

Crude protein 
Intake 42.57 42.57 42.16 42.38 1.54 

Digestibility 65.39
b
 59.70

c
 71.25

a
 62.24

bc
 1.89 

Ether extract 
Intake 7.84 7.83 7.92 7.68 0.29 
Digestibility 58.72 57.82 61.05 57.71 2.89 

Neutral detergent fibre 
Intake 300.87 296.66 300.13 305.15 11.37 
Digestibility 48.89

ab
 45.12

b
 50.60

a
 46.69

ab
 2.02 

Acid detergent fibre 
Intake 152.15 151.36 151.25 155.63 5.86 
Digestibility 39.93

ab
 36.72

b
 42.14

a
 38.48

ab
 1.95 

Values with different superscripts in a row differ significantly (P<0.05) 

 
Table 3 Nitrogen (N) balance in various treatments 

Parameters GNC MC SBM CSC SEM 

N intake (g/d) 6.81 6.75 6.75 6.78 0.25 

N excretion (g/d) 

Faecal loss 2.36
a
 2.73

a
 1.94

b
 2.58

a
 0.19 

Urinary loss 1.47
ab

 1.63
a
 1.19

b
 1.32

b
 0.14 

N balance 

g/d 2.99
b
 2.39

c
 3.62

a
 2.89

b
 0.24 

As % intake 43.63
b
 35.37

c
 53.49

a
 42.46

b
 2.53 

As % absorbed 66.53
bc

 59.34
c
 75.10

a
 68.52

ab
 3.67 

Values with different superscripts in a row differ significantly (P<0.05) 

 
The influence of the intake of different diets containing various cakes on 

nitrogen balance in experimental animals is shown in Table 3. The intake of 
nitrogen (g/d) was similar among the treatments as envisaged by the 
experimental design. However, faecal and urinary nitrogen loss (g/d) was 
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significantly (P<0.05) affected by dietary treatments. The faecal loss of 
nitrogen was higher (P<0.05) when fed MC when compared to other oil cakes. 
The urinary loss was also higher (P<0.05) when fed MC when compared to SBM 
and CSC. The nitrogen retention was highest (P<0.05) in SBM and lowest 
(P<0.05) in MC, while the values were intermediate and similar (P>0.05) in GNC 
and CSC. 

 
Table 4 Excretion of urinary purine derivatives (PD), creatinine, purine nitrogen index 
(PNI) and microbial nitrogen supply (MN) in various treatments 

Parameters GNC MC SBM CSC SEM 

Allantoin 
mmol/d 5.68

a
 4.77

b
 5.86

a
 5.08

b
 0.25 

mmol/kgW
0.75

/d 0.61
ab

 0.52
c
 0.63

a
 0.55

bc
 0.04 

Uric acid 
mmol/d 0.71

ab
 0.64

b
 0.75

a
 0.70

ab
 0.04 

mmol/kgW
0.75

/d 0.076
ab

 0.070
b
 0.081

a
 0.074

ab
 0.005 

Xanthine and hypoxanthine 
mmol/d 0.62

ab
 0.55

b
 0.66

a
 0.61

b
 0.05 

mmol/kgW
0.75

/d 0.068
ab

 0.060
b
 0.070

a
 0.064

ab
 0.005 

Total PD 
mmol/d 7.01

a
 5.96

b
 7.27

a
 6.38

b
 0.24 

mmol/kgW
0.75

/d 0.75
ab

 0.65
c
 0.78

a
 0.69

bc
 0.04 

Creatinine 
mmol/d 4.09 3.96 3.96 4.16 0.12 
mmol/kgW

0.75
 /d 0.44 0.43 0.42 0.45 0.02 

PNI 0.280
b
 0.208

c
 0.350

a
 0.281

b
 0.02 

MN supply  

g/d 6.46
a
 5.35

b
 6.72

a
 5.80

b
 0.26 

g/kg DOMI 24.44 21.54 24.84 22.94 1.6 
g/kg DOMR

#
 37.59 33.14 38.21 35.28 2.61 

Values with different superscripts in a row differ significantly (P<0.05) 
#DOMR-Digestible OM fermented in the rumen 

 
PD excretion, microbial nitrogen supply and PNI at different diets 
The differences in daily urinary excretion of PD and creatinine of various 

treatments are presented in Table 4. The PD excretion (mmol/d or mmol/ kg 

W
0.75

/d) responded significantly (P<0.05) to dietary treatments. This was 
mainly explained by the significant response in allantoin excretion. Allantoin 
excretion (mmol/d) was higher (P<0.05) in animals fed GNC and SBM when 
compared to those fed MC and CSC. When allantoin excretion was expressed 

in terms of metabolic body weight (mmol/kgW
0.75

/d), the values were higher 
(P<0.05) when animals were fed with SBM when compared to those fed MC 
and CSC. The urinary excretion of uric acid, xanthine and hypoxanthine 
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(mmol/kgW
0.75

/d) was also higher (P<0.05) in animals fed SBM when compared 
to those fed MC.  

 
Table 5 Concentration of purine derivatives (PD) and creatinine (mmol/L), urinary 
nitrogen (g/L) and purine nitrogen index (PNI) of spot urine samples in various 
treatments at different hours post-feeding 

Treatments 0 (9:00h) 6 (15:00h) 12 (21:00h) 18 (3:00h) SEM 

Allantoin 
GNC 8.01

AB
 8.26

A
 7.03

AB
 5.989

B
 1.1 

MC 7.24 7.28 7.82 6.4 0.98 
SBM 7.46 7.96 8.45 7.16 1.38 
CSC 6.35 6.88 7 8.72 1.33 

Uric acid 
GNC 0.86

a
 0.92 0.72 0.7 0.11 

MC 0.81
ab

 0.86 0.94 0.7 0.13 
SBM 0.74

ab B
 0.85

AB
 1.05

A
 0.82

AB
 0.14 

CSC 0.66
c B

 0.87
AB

 0.78
AB

 1.06
A
 0.18 

Xanthine and hypoxanthine 
GNC 0.69

a A
 0.66

AB
 0.63

AB
 0.49

b B
 0.09 

MC 0.67
a
 0.59 0.75 0.58

ab
 0.1 

SBM 0.53
b
 0.7 0.76 0.64

ab
 0.12 

CSC 0.47
b B

 0.65
AB

 0.64
AB

 0.78
a A

 0.11 

Total PD 
GNC 9.55

a AB
 9.84

A
 8.38

AB
 7.17

B
 1.28 

MC 8.73
ab

 8.74 9.51 7.68 1.19 
SBM 8.72

ab
 9.51 10.27 8.62 1.62 

CSC 7.48
b
 8.39 8.41 10.55 1.58 

Creatinine 
GNC 6.16

a A
 5.63

AB
 4.76

B
 4.38

B
 0.68 

MC 5.56
a
 5.17 5.63 4.88 0.71 

SBM 4.86
b
 5.16 5.83 4.87 0.62 

CSC 4.80
b
 4.98 5.63 5.8 0.57 

Urinary nitrogen 
GNC 1.93

b
 2.08

ab
 1.67 1.5 0.34 

MC 2.81
a
 2.26

a
 2.37 1.96 0.49 

SBM 1.38
b
 1.71

b
 1.71 1.51 0.34 

CSC 1.57
b
 1.67

b
 1.61 2.11 0.3 

PNI 
GNC 0.286

b
 0.286

ab
 0.294

ab
 0.281

ab
 0.04 

MC 0.195
c
 0.226

b
 0.246

b
 0.247

b
 0.04 

SBM 0.369
a
 0.326

a
 0.351

a
 0.324

a
 0.03 

CSC 0.274
b
 0.287

ab
 0.297

ab
 0.285

ab
 0.03 

Values with superscripts a, b and c in a column differ significantly (P<0.05). 
Values with superscripts A and B in a row differ significantly (P<0.05). 
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Urinary excretion of creatinine (mmol/d or mmol/ kgW
0.75

/d) did not differ 
(P>0.05) among animals of different treatments. The MN supply (g/d) was 
higher (P<0.05) when fed with SBM and GNC when compared to other 
treatments. However, the efficiency of MN supply (g/kg DOMI or g/kg DOMR) 
remained similar in all the four treatments. The values of PNI was the highest 
(P<0.05) in goats fed SBM and the lowest (P<0.05) in those fed MC and the 
values were intermediate and similar (P>0.05) in both the other treatments. 

The concentrations of PD, creatinine and N in urine, and the PNI for the 6-
h spot urine samples are given in Table 5. Dietary treatments had no effect 
(P>0.05) on the concentration (mmol/L) of allantoin on different hours post-
feeding. The concentration (mmol/L) of uric acid in different treatments 
showed minor differences during 0h post feeding while xanthine and 
hypoxanthine showed differences during 0h and 18 h post feeding. Minor 
differences were also noted in the level of total PD and creatinine in spot urine 
collected at 0h post feeding. The concentration of urinary nitrogen in spot 
urine was higher (P<0.05) in goats fed MC during 0h and 6h post feeding. 
Values of PNI in spot urine samples responded to dietary treatments and the 
effect was more pronounced at 0h post feeding. At 0h post feeding, PNI was 
highest (P<0.05) in SBM fed goats and lowest (P<0.05) in those fed MC, while 
the values were intermediate and similar (P>0.05) in both the other 
treatments. 

Minor differences were also noted in the level of PD and creatinine in spot 
urine samples within each dietary treatment over various sampling times 
(Table 5). When animals were fed with GNC, the level of allantoin and total PD 
was higher (P<0.05) at 6 h post feeding when compared to 18 h post feeding. 
The level of creatinine, xanthine and hypoxanthine also showed minor 
differences over various sampling times in GNC fed goats. When MC was fed, 
no differences (P>0.05) were seen in the level of PD and creatinine over 
various sampling times. The level of uric acid in spot urine samples was higher 
(P<0.05) at 12 h post feeding when compared to 0 h post feeding when goats 
were fed with SBM. When CSC was fed, the level of uric acid, xanthine and 
hypoxanthine was higher (P<0.05) in urine samples collected at 18 h post 
feeding when compared to that collected immediately after feeding. 

 
 
DISCUSSION 
Nutrient digestibility and nitrogen balance 
Crop residues like straws make the bulk of feed supply for ruminants in 

tropical farming system. Straw based diets require nitrogen supplementation 
to favour enhanced cellulolysis in the rumen, which may improve rumen 
microbial nitrogen supply and nitrogen retention (Thakshala and Pathrina, 
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2008). Optimum utilization of nitrogen from oil cakes is determined by 
synchronization between nitrogen released and availability of fermentable 
carbohydrates (Aherne and Kennelly, 1982). In the present study, good quality 
diets were used uniformly by maintaining a constant ratio of wheat straw and 
concentrate mixture (50:50). It was observed that source of nitrogen did not 
influence the DM intake and was in agreement to the earlier findings (Steen, 
1989; Giri et al., 2000). However, variability of the response of feed digestibility 
to supplementation of various protein sources was evidenced (Table 2.). In the 
present study, the higher (P<0.05) digestibility of nutrients with soybean meal 
supplementation when compared to mustard cake supplementation is 
consistent with the findings of Mehra et al. (2006) in Murrah buffaloes fed 
wheat straw based diet supplemented with different oil cakes. The increase in 
digestibility with soybean supplementation was also recorded by Haddad et al. 
(2005) in Awassi lambs. Ferrell et al. (2001) hypothesized that soybean meal 
enhances microbial growth and there by ruminal fermentation as well as 
provides a reasonable high quality source of amino acids to the intestine. The 
addition of good quality protein supplements like soybean meal to straw based 
diet enhances the digestibility of DM and OM mostly through increased 
nitrogen and fibre digestibility as also observed in this study. Studies using 
lambs, beef cattle and dairy cattle have demonstrated that vegetable protein 
sources like soybean meal, groundnut cake and rapeseed meal are as good as 
fish meal in high fibre diets (Plaisance et al., 1997; Dewhurst et al., 1999). In a 
similar study in adult Nellore lambs, Sudhamayee et al. (2004) observed that 
groundnut cake served as a better source of protein for sheep compared to un-
decorticated cotton seed cake, safflower cake and coconut cake. In buffalo 
bulls Mehra et al. (2006) observed that the supply of rumen un-degradable 
nitrogen into intestine was 66% higher in soybean meal when compared to 
linseed meal although, the content of un-degradable nitrogen was similar. In a 
similar study in growing crossbred bulls fed on grain-less diets containing 
different nitrogen sources (Giri et al., 2000) the digestibility of CP was lower 
with the inclusion of mustard cake in the CM as also observed in the present 
study. The lower digestibility might be attributed to a probable suppressive 
effect of mustard cake on proteolytic activities of rumen microbes, supporting 
the observations of Sil et al. (1994) and Fisher and Walsh (1976) in cattle. The 
use of mustard cake as an animal feed ingredient is limited due to the 
presence of some anti-nutritional factors like thioglucosides, myrosinase, 
glucosinolates, tannins and erucic acid (Hill, 1991) which reduce the nutritive 
value of the total diet. 

Positive nitrogen balance in the experimental treatments (Table 3.) 
indicates adequate protein nutrition level of all the animals. Variation among 
groups with respect to nitrogen retention observed in this experiment 
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indicates the superiority of soybean meal over other protein supplements for 
goats fed wheat straw based rations. Low nitrogen retention in the animals fed 
MC could be attributed to the type of protein and its degradability and the 
presence of anti-nutritional factors. Total tract digestibility of CP in goats fed 
MC was reduced, suggesting that ruminal digestion and ruminal ammonia 
might also be reduced. 

 
Urinary excretion of PD, creatinine and microbial nitrogen supply 
In this experiment, four different protein sources were used to formulate 

iso-nitrogenous concentrate mixtures to study the variability in nitrogen 
utilization under a variety of practical feeding conditions. In a study to compare 
the effect of different rations on the number of free ruminal bacteria in sheep, 
the highest bacterial count was attained with berseem, followed by fish meal, 
beans plus starch, cottonseed cake, meat meal, beans, linseed cake, and 
casein, respectively (Shehata, 1958). In a study in Merino crossbred sheep (Liu 
and McMeniman, 2006) fed oat straw and different legume seeds, it was 
observed that, with the same intakes of DM and nitrogen there was 
significantly different excretion of urinary PD. On contrary, when sheep were 
offered diets composed of alfalfa hay and compound feeds having different 
degradability based on gluten meal, soybean meal and rapeseed meal the 
urinary PD excretion and MN synthesis did not differ among the groups 
(Dragomir et al., 2010). The response to oil cakes is not always consistent 
probably due to differences in protein quality and its degradability in the 
rumen affected by various feed processing techniques. Level of anti-nutritional 
factors present in some oil cakes may also adversely affect the efficiency of 
nitrogen utilization. 

In the present study dietary treatments influenced (P<0.05) the urinary 
output of PD whereas no difference was observed in the creatinine excretion 
(Table 4.). Differences in PD excretion were accounted by allantoin, the 
principal PD, whose relative proportion was 80%. In a similar study in Merino 
crossbred sheep, fed oat straw and different legume seeds, Liu and 
McMeniman (2006) observed a comparable relative contribution of allantoin 
to total PD (78-85%). It has been suggested that the excretion rate of creatinine 
is relatively constant in healthy animals and remains independent of feed 
intake (Chen et al., 1992; George et al., 2006 b). Moreover, the use of 
creatinine as an internal marker of urinary output relies on the assumption that 
the creatinine excretion through urine is affected neither by diet nor the 
physiological status of the animal, but is excreted in proportion to body weight 
(Brody, 1945). There was no difference in the body weight of the animals used 
in this study and hence they had similar (P>0.05) excretion of urinary 
creatinine.  
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Even though the synthesis of microbial protein (g/d) was influenced 
(P<0.05) by the dietary source of protein, there was no difference in the 
efficiency of MN synthesis in the rumen among different diets (Table 4.). The 
efficiency of microbial protein synthesis observed in this study (33.14 to 38.21 
g/kg DOMR) was similar with the value (32 g/kg DOMR) suggested by ARC 
(1984).  

 
Table 6. Correlation coefficients of purine nitrogen index in spot urine samples (PNI-
spot urine) with PNI in total daily urine (PNI-total urine) and nitrogen balance (NB) 
during various sampling times (hours post feeding) 

Sampling time (h) 
(PNI-spot urine) 

PNI- total urine NB (g/d) 

0 0.91
*
 0.81

*
 

6 0.77
*
 0.67

*
 

12 0.73
*
 0.66

*
 

18 0.66
*
 0.60

*
 

* Correlation is significant at the 0.01 level (two tailed) 

 
Purine nitrogen index 
The potential of using PNI as an on-farm diagnostic tool for estimating 

nitrogen utilization efficiency was examined. PNI calculated from total urine 
followed a similar trend as that of nitrogen balance and appears to be a 
reliable index of nitrogen utilization (r=0.90). In a similar study in sheep 
(Chandrasekharaiah et al., 2010), fed varying levels of rumen degradable 
nitrogen, PNI in total urine was able to predict the utilization of dietary 
nitrogen. The estimated PNI of spot urine samples had a linear relationship 
with that calculated from total urine (r=0.77). To assess precisely the possibility 
of using spot urine sampling technique to estimate the efficiency of nitrogen 
utilization, the correlation between PNI of total urine and PNI of spot urine 
samples collected at 6-h intervals were calculated (Table. 6). PNI in the spot 
urine taken 0h post-feeding tended to give a better representation of the daily 
mean in differentiating the dietary treatments (r=0.91). Moreover, the 
relationship between PNI in the spot samples collected immediately after the 
morning feed and the daily nitrogen balance (P<0.05) was the highest (r=0.81) 
when compared to other times (Table. 6). However, in sheep (Subba, 1997) fed 
urea supplemented ration PNI in the spot urine samples collected between 3-
5h post feeding tended to give a better representation of the daily mean. This 
difference concerning the collection time may be attributed to the difference 
in the content of rumen degradable nitrogen in the ration fed to the animals. 
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CONCLUSIONS 
The study revealed that PNI correlates to nitrogen balance and can be 

used as an indicator of utilization of dietary nitrogen. Moreover, the collection 
of spot urine immediately after feeding better represented the PNI of total 
daily urine collection than other times in goats when oil seed cakes are used as 
protein supplements in the ration. 
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