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Abstract: The objective of this experiment was to evaluate the relationship between purine 

derivatives (PD) excretion in total collection or spot sampling of urine and metabolizable 

energy (ME) and metabolizable protein (MP) of dairy cattle. Twenty-seven dairy cows were 

selected to investigate the changes of PD, creatinine (C), and purine derivative/creatinine 

ratio (PD/C) in the urine of cows fed different diets using the total pooled urine samples 

collected throughout 7 days of trial period (total collection) or spot urine collection at   

800-900 and 1800-1900 on the days 20 and 21. The rations were formulated with three 

levels of ME (127% ME/ME required, 100% ME/ME required, 75% ME/ME required) and 

three levels of MP (123% MP/MP required, 100% MP/MP required, 80% MP/MP required) 

using the CPM-Dairy 3 model. Our data demonstrated a strongly linear relationship 

between the concentration of PD (and PD/C) and ME and MP level of the diets using total 

collection or spot sampling. It was concluded that the concentration of PD and PD/C may 

have potential to predict the ME and MP supply in the dairy rations, and that the PD/C 

could be determined by spot urine sampling instead of total urine collection. 

 

Keywords: Purine derivatives, Metabolizable energy, Metabolizable protein, Spot urine 

sampling, Total urine collection.  

 

Introduction 
Plasma urea N and milk urea N are helpful indicators in the determination of dietary protein 

and energy efficiency in lactating dairy cattle [1, 12]. However, conventional indicators in 

milk could not fully reflect dietary nutrient digestion and they may not be considered as an 

ideal index of diagnosing energy and protein balance in dairy farms [19]. 

 

Monitoring the urinary excretion of purine derivatives (PD) might be considered as an 

alternative noninvasive technique since the urinary PD is derived from microbial nucleic acid 

flowing out from rumen [20]. Researchers have suggested that the urinary excretion of PD 

could be used as a predictor of the microbial protein supply in intact animals [2, 24]. 

Another extensive research conducted by Chen and Ørskov [5] demonstrated that there was a 

linear relationship between allantoin excretion and level of feed (N or dry matter) intake. 

For ruminants, physiological stage, diet type and nutrient levels in diets were the primary 

factors that affected the excretion of PD [15, 19]. The amount of purine derivatives excreted 

in the urine was highly influenced by nutrients supply [7]. The highest rates of urinary 
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allantoin and uric acid excretion were observed in ewes receiving a high protein, high energy 

diet; while the amounts of allantoin and uric acid excretion were lowest in ewes fed a low 

protein, low energy diet. However, the rates of excretion of hypoxanthine and xanthine were 

similar in all the treatments [17]. 

 

Previous studies have reported that creatinine (C) excretion, no matter on a daily basis or on a 

BW basis, was not significantly affected by the diets [9]. Urinary creatinine excretion is 

relatively a constant function of BW and therefore it might be used as a possible marker for 

estimating urine output [3]. Vagnoni et al. [23] reported that there was a linear relationship 

between the ratio of urinary allantoin to creatinine and total daily purine flow, regardless of a 

significant cow effect on creatinine excretion. 

 

The CPM-Dairy v.3 is a diet formulation and evaluation software system, which resulted from 

the development of CNCPS v.5 including expanded carbohydrate fractions and a lipid sub-

model [22]. It had been demonstrated that the system can accurately predict dietary nutritive 

value and improve energy and nitrogen balance and animal performance in dairy farms in 

China [18, 21]. 

 

In this experiment, nine diets with different levels of metabolizable energy (ME) and 

metabolizable protein (MP) were formulated using the CPM model to evaluate the variation 

between concentration of PD, C, and PD/C in urine under production condition. The main 

objective of the present experiment was conducted to determine if there is a relationship 

between PD and supplies of ME and MP in dairy diets. 

 

Materials and methods 

Cows and diets 
Twenty-seven multiparous Holstein cows with similar parity (3.5 ± 0.4), days in milk 

(203 ± 15d), body weight (595 ± 52 kg), body condition score (3.1 ± 0.08) and age in month 

(76 ± 4) were randomly assigned to nine groups (n = 3). Cows in the experiment were fed 

individually and daily individual feed intake was recorded. The averaged milk yield of these 

cows was 20.30 ± 1.6 kg/d. These cows were housed at HeXing dairy farm in Daqing city of 

Heilongjiang province. Nine diets were formulated using CPM-Dairy v.3 to contain three 

levels of ME (127% ME/ME required, 100% ME/ME required, 75% ME/ME required) and 

three levels of MP (123% MP/MP required, 100% MP/MP required, 80% MP/MP required). 

The nine diets were high ME high MP (127% ME/ME required and 123% MP/MP required, 

HEHP), high ME balanced MP (127% ME/ME required and 100% MP/MP required, HEBP), 

high ME low MP (127% ME/ME required and 80% MP/MP required, HELP), balanced ME 

high MP (100% ME/ME required and 123% MP/MP required, BEHP), low ME high MP 

(75% ME/ME required and 123% MP/MP required, LEHP), balanced ME balanced MP 

(100% ME/ME required and 100% MP/MP required, BEBP), balanced ME low MP 

(100% ME/ME required and 80% MP/MP required, BELP), low ME balanced MP 

(75% ME/ME required and 100% MP/MP required, LEBP), low ME low MP (75% ME/ME 

required and 80% MP/MP required, LELP), which are presented in Table 1. 

 

The experiment was conducted for 21 days, the first 14 days (1-14) were served as the 

adaptation period and urine samples were collected from 15-21 days. Each group of cows was 

fed one of nine treatment diets during the experimental period. Diets were fed three times 

daily. The forage was offered first, and followed by the concentrate with 5% orts were 

expected for the total diet.  
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Table 1. Ingredient and nutrient composition of diets (% of DM) 

Ingredient HEHP HEBP HELP BEHP LEHP BEBP BELP LEBP LELP 

Corn  

meal 
14.28 43.27 52.07 5.12 0 17.95 36.25 0 20.27 

Cottonseed 

meal 
4.9 1.49 0 7.53 10.62 5.03 0.26 8.57 5.16 

DDGS 3.84 1.17 0 5.59 8.31 3.93 0.2 6.71 4.04 

Rice bran 

meal 
2.49 0.45 0 2.49 3.23 1.53 0.08 2.61 1.57 

Rapeseed 

meal 
2.13 0.65 0 3.27 4.62 2.18 0.11 3.73 2.25 

Corn gluten 

meal 
1.07 0.32 0 1.64 2.31 1.09 0.06 1.86 1.12 

Soybean  

meal 
15.52 1.94 0 22.64 31.44 9.23 0.33 30.16 7.63 

Premix 1.52 0.38 0 1.69 2.38 1.14 0.1 1.92 1.16 

NaHCO3 0.91 0.68 0.58 1.2 1.61 0.9 0.42 1.37 0.92 

CaCO3 0.24 0.27 0.29 0.27 0.35 0.23 0.21 0.30 0.32 

Corn  

silage 
22.59 26.16 26.76 25.41 11.62 29.58 41.16 0 29.47 

Chinese 

ryegrass 
30.51 23.22 20.3 23.15 23.51 27.21 20.82 23.77 26.09 

Corn  

straw 
0 0 0 0 0 0 0 19.00 0 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Dry matter 

intake, (kg/d) 
20.50 18.10 17.20 18.30 16.00 17.20 16.80 14.80 12.60 

Nutrient HEHP HEBP HELP BEHP LEHP BEBP BELP LEBP LELP 

NEL, 

(mcal/kg) 
1.56 1.67 1.67 1.57 1.66 1.57 1.53 1.66 1.63 

Crude  

protein 
18.48 10.83 9.16 23.07 28.59 16.12 9.35 26.02 15.57 

ME/ME 

required, (%) 
127 127 127 100 75 100 100 75 75 

MP/MP 

required, (%) 
123 100 80 123 123 100 80 100 80 

 

Sample collection 
Cows were milked thrice daily in their stalls at 0400, 1200, and 2000 h, and milk yield was 

recorded at each milking. Total urine was collected using indwelling bladder catheters, which 

were inserted on 15 day. Daily urine output samples were pooled for 7 days as the total urine 

collection (total collection). Spot urine samples were collected with the aid of a device 

adapted from a fraction collector. Spot urine sample (twice per day) was collected on the days 

20 and 21 at 800-900 and 1800-1900, then were pooled as spot urine collection 

(spot sampling). The total collection and spot sampling were acidified with H2SO4 
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(50% vol/vol) to maintain a pH < 3.0. A representative sample (2%) was taken and 

immediately diluted with distilled water. The diluted samples were filtered through surgical 

gauze and kept frozen at 20°C for subsequent analyses of purine derivatives (PD) and 

creatinine. 

 

Analytical determinations 
Urine samples were analyzed for allantoin, uric acid and creatinine. Allantoin was measured 

according to the colorimetric method. In this procedure, allantoin is hydrolyzed firstly under a 

weak alkaline condition at 100 °C, for allantoic acid which is further degraded to urea and 

glyoxylic acid in weak acid solution. The glyoxylic acid then reacts with phenylhydrazine 

hydrochloride to produce a phenylhydrazone of the acid. The product can then form an 

unstable chromophore with potassium ferricyanide. The colour is read at 522 nm. Commercial 

kits were used to analyze uric acid (Sigma procedure no. 686; Sigma Chemical Co., St. Louis, 

MO). Uric acid, which absorbs light at 293 nm, is converted by uricase to allantoin, which is 

nonabsorbing at 293 nm. The change in absorbance at 293 nm due to the disappearance of 

uric acid is directly proportional to the concentration of uric acid in the urine. Creatinine was 

measured with a kit designed specifically for the analysis (555-A Sigma Chemical Co., 

St. Louis, MO). Creatinine reacts with picric acid under alkaline conditions to form a yellow-

orange complex. The color is derived from creatinine as well as certain other non-specific 

substances. Upon the addition of acid, the color contributed by creatinine is destroyed, while 

that produced by non-specific substances remains. The difference in color intensity measured 

at 500 nm before and after acidification is proportional to the creatinine concentration. 

 

Statistical analysis 
The data were analyzed using the GLM procedure of SAS program package (SAS Institute, 

version 9.1). The following model was used:  
 

Yij = μ + Ti + εij,  
 

where Yij is the dependent variables; μ is the overall mean; Ti is the fixed effect of group or 

treatment; εij is the error term.  

 

Duncan’s multiple range tests were used to detect statistical significance between treatment 

groups. Linear regression analysis procedure of SAS program package was used to examine 

the relationships between the concentrations of allantoin, uric acid, total PD, the ratio of PD/C 

in the urine and the different level of ME and MP diets.  

 

The following model was used:  
 

y = β0 + β1x1 + β2x2 + ε,  
 

where y is the dependent variables; β0 is intercept; β1 and β2 are regression coefficient; x1 and 

x2 are independent variables, ε is the random error. 

 

Results and discussion 

Concentration of PD, creatinine, and PD/C in total urine collection  

of cows fed different level of ME and MP diets 
Table 2 presents the total excretion of uric acid, allanatoin, total PD, Creatinine and PD/C 

from cattle fed different diets in total urine collection. The data demonstrated that 

concentrations of uric acid, allantoin and PD were increased with increasing MP supply when 
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cows were fed similar ME levels (Table 2). The concentrations of uric acid, allantoin and PD 

from cattle fed the HEHP or HEBP diets were greater than those of cows fed the HELP diet 

(p < 0.05). The concentrations of uric acid, allantoin and PD were increased with increasing 

of ME intakes when cows were fed similar MP level diets. There was numerical difference 

between cattle fed the BEHP diet and the LEHP diet (p > 0.05), but the excretion of PD was 

greater in the cattle fed the HEHP diet (p < 0.05). The value of C was the highest when cows 

were fed the HELP diet and lowest in cattle fed the LELP diet (p < 0.05) and showed a linear 

response among the cattle fed the other diets. The PD/C was increased with increasing of ME 

supply when cows were fed diets with similar MP levels (p < 0.05) (Table 2). 

 

Table 2. Excretion of uric acid, allantoin, PD, creatinine, and PD/C  

with different level of ME and MP diets using total urine collection 

Level of 

energy and 

nitrogen 

Urinary purine derivatives 

Uric acid 

(mmol/d) 

Allantoin 

(mmol/d) 
PD (mmol/d) C (mmol/d) PD/C 

HEHP 22.75±0.72a 137.1±4.28a 159.86±4.99 a 54.10±6.00abc 2.95±0.17a 

HEBP 20.49±2.30ab 123.46±13.89ab 143.95±16.2 ab 53.36±3.98abc 2.70±0. 06ab 

BEHP 19.26±1.01bc 116.04±6.09bc 135.30±7.09 bc 57.28±5.03ab 2.36±0.36bc 

BEBP 18.36±1.11bcd 110.64±6.68bcd 129.01±7.79 bcd 56.24±4.20ab 2.29±0.19c 

LEHP 17.24±0.48cde 103.91±2.92cde 121.16±3.40 cde 57.87±4.37ab 2.09±0.23c 

HELP 14.72±1.61ef 66.74±7.28f 81.47±8.89 f 59.16±3.18a 1.38±0.15de 

BELP 14.07±2.15fg 63.81±9.73fg 77.89±11.87 fg 46.70±3.56c 1.67±0.11d 

LEBP 12.75±0.92fgh 54.22±3.90fgh 66.98±4.81 fgh 51.07±5.18bc 1.31±0.26e 

LELP 8.24±1.76i 49.61±10.56h 57.85±12.31i 54.22±3.90abc 1.07±0.15e 

a-i means within a column with different superscripts differ (p < 0.05).  

 

Linear relationship between urine acid, allantoin, PD, C, and PD/C in total urine collection 

with different Level of ME and MP diets are shown in Table 3 and Fig. 1. The regression 

equation showed that there was a linear relationship between concentrations of uric acid, 

allantoin, PD and PD/C with changes of ME and MP level in the diets using total urine 

collection (p < 0.01), except for that of C (p = 0.35). 

 

The results showed that when the MP supply was constant, the concentration of PD (uric acid, 

allantoin, and total PD) was increased with the increasing level of ME, and that of uric acid, 

allantoin and total PD was greatest in the greatest ME level group. It was indicated that the 

available carbohydrate for fermentation was one of main factors affecting the growth of 

microorganisms and ME supply. The findings were similar to studies discussed by Gonda et 

al. [10] and Carro et al. [8].When ME supply was at a similar level, the contents of uric acid, 

allantoin and PD increased with increasing MP level, the value of them was greatest in the 

highest MP level , suggesting that when cattle were either deficient in rumen nitrogen or in 

available fermentable carbohydrate, microbial protein production was decreased [13, 14]. 

http://www.ncbi.nlm.nih.gov/pubmed/5922718
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Table 3. Linear relationship between urine acid, allantoin, PD, C, and PD/C  

in total urine collection with different Level of ME and MP diets  

Urinary purine 

derivatives 

Model 

Adj R-Sq 
Parameters Estimates 

Standard 

error 
p-value 

urine acid 0.8588 

Intercept ‒15.39 2.55 < 0.0001 

x1 0.16 0.02 < 0.0001 

x2 0.15 0.03 < 0.0001 

allantoin 0.7643 

Intercept ‒130.15 24.09 < 0.0001 

x1 0.81 0.23 0.0017 

x2 1.32 0.26 < 0.0001 

PD 0.7817 

Intercept ‒145.54 26.23 < 0.0001 

x1 0.97 0.25 0.0007 

x2 1.47 0.28 < 0.0001 

C ‒0.0277 

Intercept ‒43.81 7.96 0.5842 

x1 0 0.08 0.9986 

x2 0.10 0.09 0.2326 

PD/C 0.7098 

Intercept ‒2.34 0.54 0.0002 

x1 0.02 0.01 0.0011 

x2 0.02 0.01 0.0007 

x1 = ME/ME required; x2 = MP/MP required; PD = Purine Derivatives; C = Creatinine. 

 

 

 

Fig. 1 Three-dimensional chart of the change of uric acid, allontoin, PD, and PD/C  

with different level of ME and MP diets using total urine collection 
 

A) B) 

C) D) 

http://www.ncbi.nlm.nih.gov/pubmed/5922718
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The results also revealed that the concentration of PD (uric acid, allantoin, and total PD) had 

significant linear correlation with ME/ME required (x1) and MP/MP required (x2).       

The p-value of uric acid, allantoin, and total PD by linear regression analysis were less than 

0.001, which meant that there were linear relationships between content of PD and dietary 

ME and MP levels. Moreover, it also indicated that uric acid, allantoin and PD could be 

predicted by the changes of ME and MP level of diets in dairy farm at the range of ME/ME 

required (127% to 75%) and MP/MP required (123% to 80%). Similarly, at the same range of 

ME/ME required and MP/MP required, it could be possible to use the concentration of PD to 

predict the ME and MP level in dairy diets by the three-dimensional curves established in the 

present study. 

 

Responses in concentrations of PD, creatinine, and PD/C  

in spot urine sampling with different level of ME and MP diets 
The changes of uric acid, allanatoin, total PD, Creatinine and PD/C in spot urine sample of 

animals fed different diets are shown in Table 4.The excretion data showed that concentratio-

ns of the uric acid, allantoin and PD in the spot urine sample had similar variation compared 

with those in the total collection data. The concentrations of uric acid, allantoin and PD was 

increased with increasing of MP intakes when cows were fed diets with similar ME levels. 

The concentrations of the uric acid, allantoin and PD of cows fed HEHP diet were greater 

than those of cows fed HEBP diet (p < 0.05), and both of them were greater than those of 

cows fed HELP diet (p < 0.05). The spot sample data also showed that the concentrations of 

uric acid, allantoin and PD in the urine were increased with increasing of ME intakes when 

cows were fed similar MP level diets. The concentrations of the uric acid, allantoin and PD in 

the cows fed HEHP diet were greater than those in the cows fed BEHP (p < 0.05), and they 

were also greater than those of cows fed LEHP diet (p < 0.05). 

 

Table 4. Changes of uric acid, allantoin, PD, creatinine, and PD/C  

with different level of ME and MP diets using spot urine sampling 

Level of 

energy and 

nitrogen 

Urinary purine derivatives 

Uric acid 

(mmol/L) 

Allantoin 

(mmol/L) 

PD 

(mmol/L) 
C ( mmol/L) PD/C 

HEHP 3.49±0.12a 19.59±0.23a 23.08±0.36a 9.08±0.05cde 2.54±0.34a 

HEBP 3.13±0.19b 15.40±0.63b 18.53±0.82b 8.39±0.13ef 2.21±0.32ab 

BEHP 3.16±0.11b 15.02±0.13b 18.18±0.19bc 9.87±0.58c 1.84±0.22bc 

BEBP 1.31±0.06e 7.67±0.10e 8.98±0.16e 9.49±0.49cd 0.95±0.08d 

LEHP 2.54±0.10c 14.45±0.39c 16.99±0.50c 11.01±0.42b 1.54±0.34c 

HELP 1.66±0.06d 9.44±0.11d 11.10±0.17d 13.40±0.58a 0.82±0.17d 

BELP 1.20±0.05ef 6.23±0.13f 7.43±0.17fg 7.72±0.73f 0.96±0.10d 

LEBP 1.28±0.05e 6.43±0.29f 7.71±0.33f 8.03±0.55f 0.96±0.14d 

LELP 1.06±0.12f 5.86±0.21g 6.92±0.32g 8.65±0.86def 0.80±0.04d 

a-g means within a column with different superscripts differ (p < 0.05). 
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The PD/C was increased with the increasing of ME intakes when cattle were fed similar MP 

level diets, except for low MP diets. The PD/C in the cows fed the HEHP diet was the highest 

and greater than those of cows fed the BEHP and LEHP diets (p < 0.05). The PD/C of cows 

fed the HEBP diet was greater than those of cows fed the BEBP diet, which was also greater 

than those cows fed the LEBP diet (p < 0.05). 

 

Relationships between PD, creatinine, and PD/C in spot urine sampling and levels of ME and 

MP are shown in Table 5 and Fig. 2. The regression equation showed that there was a linear 

relationship between concentrations of uric acid, allantoin, PD and PD/C with changes of ME 

and MP level in the diets using spot urine sampling (p < 0.01), except for that of C (p = 0.40). 

The use of urinary purine derivatives requires a total collection of urine for 7 days. Total urine 

collection is laborious and difficult in grazing animals or under farm conditions and generates 

discomfort in the animals due to the presence of catheters or collecting funnels. Subsequent 

studies were carried out by Chen et al. [6] in steers, Gonda and Lindberg [11] in dairy cows 

and Chen et al. [4] in sheep to examine the diurnal variations in spot urine measurement. 

These studies concluded that PD/C ratio correlates to feed intake and intestinal flow of 

microbial purines, and thus could be used as an indicator of microbial protein availability. 

These reports also pointed out that sufficient number of measurements should be made in 

order to reduce errors; otherwise the variability of spot measurement would be greater than 

that based on total urine collection [5, 16]. Our results showed that uric acid           

(1.06-3.49 mmol/L), allantoin (5.86-19.59 mmol/L) and total PD content (6.92-23.08 

mmol/L) in the spot urine sample had the same tendency as the data in total urine collection. 

There were linear relationships between contents of uric acid, allantoin and PD with dairy ME 

and MP levels, which could provide the basis of evaluation of the ME and MP level in dairy 

diets by spot urine measurement instead of by the total urine collection. 

 

Table 5. Linear relationship between PD, creatinine, and PD/C  

in spot urine sampling with different Level of ME and MP diets 

Urinary purine 

derivatives 

Model 

Adj R-Sq 
Parameters Estimates 

Standard 

error 
p-value 

Urine acid 0.7409 

Intercept ‒4.24  0.74  < 0.0001 

x1 0.02  0.01  0.0147 

x2 0.04  0.01  < 0.0001 

allantoin 0.7708 

Intercept ‒22.04  3.56  < 0.0001 

x1 0.09  0.03  0.0111 

x2 0.23  0.04  < 0.0001 

PD 0.7706 

Intercept ‒26.32  4.25  < 0.0001 

x1 0.11  0.04  0.0109 

x2 0.27  0.05  < 0.0001 

C ‒0.0047 

Intercept 6.59  2.70  0.0223 

x1 0.03  0.03  0.2395 

x2 0.00  0.03  0.8930 

PD/C 0.5945 

Intercept ‒2.60  0.64  0.0005 

x1 0.01  0.01  0.0546 

x2 0.03  0.01  0.0008 

x1 = ME/ME required; x2 = MP/MP required; PD = Purine Derivatives; C = Creatinine.  
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Fig. 2 The three-dimension chart of change of uric acid, allontoin, PD, and PD/C with 

different level of ME and MP diets using spot urine sampling. 

 

Relationship of PD/C between total urine collection and spot sample collection  
The relevance of the PD/C between total urine collection and spot samples is shown in Fig. 3. 

The correlation coefficient (R) was 0.89. The PD/C in spot urine samples was highly 

correlated with daily PD excretion, along with the relative diurnal stability of the ratio, 

indicated the validity of this ratio in predicting the daily PD excretion for the estimation of 

microbial protein supply. The results and discussion may be combined into a common section 

or presented separately. They may also be broken into subsections with short, informative 

headings. 
 

 

 

 

 

 

Fig. 3 The relationship of PD/C between total urine collection and spot urine sampling  

among cattle fed nine diets differing in metabolizable energy and metabolizable protein 
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Conclusion 
Our data demonstrated a strongly linear relationship between the concentration of PD 

(and PD/C) with ME and MP level of the diets using total collection or spot sampling. 

The PD/C measured by spot urine collection had a strong correlation with those measured 

using total urine collection (R = 0.89). It was concluded that the concentration of PD and 

PD/C may have potential to predict the ME and MP supply in the dairy rations, and that the 

PD/C could be determined by spot urine sampling instead of total urine collection. 
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