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  INTRODUCTION 
 

Reproductive management constitutes an integral part of a 
dairy enterprise irrespective of whether it is an intensively 
managed large scale dairy farm or a small scale backyard 
dairy unit. In many developing countries including India, 
the latter is more common with each household maintaining 
either one or a few dairy cows. Early diagnosis of preg-
nancy in cattle is very important for an efficient reproduc-
tive management. Early identification of non-pregnant cows 

helps the farmer make a decision to rebreed, treat, or cull 
them (Fricke and Lamb, 2005), thus reducing the inter-
breeding intervals (Stevenson, 2005) or losses incurred on 
maintenance of infertile animals. Various direct and indi-
rect methods of pregnancy diagnosis have been used in 
cattle (Purohit, 2010). Transrectal palpation of the repro-
ductive tract has been the most commonly used method 
worldwide and is traditionally performed at 40 to 60 days 
of gestation (Lucy et al. 2011). However, due to its in-
creased sensitivity and ability to allow earlier diagnosis of 

 

Dairy farmers have been longing for simple and economical methods of early pregnancy diagnosis. Urine 
based biochemical and mineral assays could be one of those methods, owing to the ease of sample collec-
tion and relatively simple and economical assays involved. However, basic information on changes in uri-
nary composition during early pregnancy in cattle is lacking. This study was designed to evaluate the dif-
ferences in biochemical and mineral composition of urine between pregnant and non-pregnant dairy cattle. 
Urine samples were obtained from crossbred dairy cows, classified retrospectively as pregnant or non-
pregnant (n=12 in each group), based on transrectal palpation and ultrasonography at 60 days post insemi-
nation, and assayed for glucose, total protein, calcium, phosphorus, magnesium, iron, zinc and copper. 
Sampling was done every 3 days beginning on the day of insemination (d 0) until d 27. Analysis of data on 
concentrations of the various variables between pregnant and non-pregnant cows indicated significant 
(P<0.05) differences in urinary concentrations of total protein, glucose, calcium, phosphorus, iron, zinc and 
copper between the two groups at one or more of the sampling days. Moreover, within each group, there 
were significant differences in concentrations of the studied components across various days of the estrous 
cycle or pregnancy. Results of the present study indicate marked quantitative differences in biochemical 
and mineral composition of urine between pregnant and non-pregnant cattle. This information can serve as 
a basis for devising simple, easy-to-use and cost effective pregnancy diagnosis kits for use in dairy cattle.  
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pregnancy, ultrasonography has become more popular and 
has replaced transrectal palpation as a tool for early preg-
nancy diagnosis, especially in developed countries (Fricke, 
2002).  

Although the transrectal palpation and ultrasonographic 
methods of pregnancy diagnosis work well for reproductive 
management, there are some practical limitations. Both the 
methods require a specially trained person who, in most of 
the cases, is a veterinarian and in rare instances, a techni-
cian or trained farm staff (Lucy et al. 2011). The shortage 
of large animal veterinarians in certain parts of the world 
(Jensen et al. 2009) and the inability of small scale farmers 
in developing countries to bear the expenses of a veterinar-
ian’s visit are some of the problems that limit the use of 
these techniques. This prompted the quest for alternative 
methods of pregnancy diagnosis and over the years, differ-
ent methods based on early pregnancy factor (EPF), milk or 
blood progesterone, interferon stimulated genes and preg-
nancy associated glycoproteins (PAGs) were developed. Of 
these, only PAG assay is reliable and allows pregnancy 
diagnosis at day 28 of gestation (Lucy et al. 2011). How-
ever, PAG test involves blood collection and ELISA, which 
are again limiting factors, especially for a small scale 
farmer with no technical expertise. Therefore, development 
of an easy-to-perform and economical cow-side test for 
early diagnosis of pregnancy would be of immense practi-
cal value to livestock farmers, especially in developing 
countries. A simple urine based biochemical and / or min-
eral test would be an ideal method for diagnosing preg-
nancy, owing to the ease of sample collection and test pro-
cedure. However, there is lack of basic information on dif-
ferences in biochemical and mineral composition of urine 
between pregnant and non-pregnant cattle. Therefore, the 
objective of this study was to investigate the differences in 
concentration of biochemical and mineral constituents of 
urine between pregnant and non-pregnant crossbred dairy 
cattle. Specific parameters included glucose, total protein, 
calcium, magnesium, phosphorus, iron, zinc and copper.  
 

  MATERIALS AND METHODS 
This study was conducted at Instructional Dairy Farm, G.B. 
Pant University of Agriculture and Technology, Pantnagar, 
which is located in the Tarai region of Uttaranchal, India. 
Animal handling and sample collection during the study 
were done in compliance with the Institutional Animal Eth-
ics Committee. A total of 40 crossbred dairy cows with 
mean age of 8.2 ± 0.41 years and mean parity of 4.6 ± 0.38 
were used. These cows were free from any apparent ab-
normalities of the reproductive tract, based on history and 
transrectal palpation and were maintained under uniform 
housing, feeding and other management conditions 

throughout the period of this study. The cows were ob-
served twice daily, in the morning and in the evening, for 
signs of estrus and those in estrus were inseminated about 
12 hours after the observed onset of estrus. 

Urine samples were collected every three days beginning 
on the day of insemination (d 0) until d 27. Perineal region 
was washed to prevent the contamination of urine samples 
with fecal material. Urine was collected either by massag-
ing the skin below the vulva (escutcheon) or by catheteriza-
tion of the urethra. About 10 mL of urine were collected 
from each animal in sterilized plastic vials, transferred im-
mediately to laboratory on ice, and stored at -20 ˚C till fur-
ther processing.  

Pregnancy diagnosis was done on d 60 by transrectal pal-
pation and ultrasonography and the animals were retrospec-
tively classified into pregnant (n=12) or non-pregnant 
(n=28). Owing to financial and logistic constraints, urine 
samples from only 12 of the 28 non-pregnant cows were 
used for biochemical and mineral assays and the selection 
of these 12 cows was completely random. 

Urine samples were thawed at room temperature and as-
sayed for various biochemical and mineral components 
using commercial kits and atomic absorption spectropho-
tometer. Glucose and total protein concentrations were de-
termined colorimetrically by glucose oxidase-peroxidase 
(GOD-POD) and modified Biuret end point assays, respec-
tively, using commercial diagnostic kits (Span diagnostics 
Ltd., India).  

Calcium, magnesium, and phosphorus concentrations 
were determined by O-Cresolphthalein Complexone, Cal-
magite, and UV Molybdate end point assays, respectively, 
using commercial diagnostic kits (calcium and phosphorus: 
Span diagnostics Ltd., India, magnesium: Crest Biosystem 
Ltd., India). For determination of iron, zinc, and copper 
concentrations, urine samples were digested and subjected 
to atomic absorption spectrophotometry. Urine samples 
were digested as per procedure described by Kolmer et al. 
(1951).  

About 3 mL of urine sample were mixed with equal vol-
ume of concentrated nitric acid in a digestion tube. The 
mixture was kept overnight at room temperature followed 
by digestion on low heat (70-80 ˚C) using heat bench (di-
gestion bench), until the volume of samples was reduced to 
about 1 mL.  

To this, 3 mL of double acid mixture (3 parts concen-
trated nitric acid and 1 part 70% perchloric acid) were 
added and low heat digestion continued until the digested 
samples became watery clear and emitted white fumes. 
Further heating was continued to reduce the volume to ap-
proximately 0.5 mL. Final volume of filtrate was made up 
to 10 mL with triple distilled deionized water after luke 
warming the solution.  
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Atomic absorption spectrophotometry was performed us-
ing a spectrophotometer (Model No. AAS 4141) manufac-
tured by Electronic Corporation of India Ltd., Hyderabad, 
India. It uses a double beam with a wave length range of 
190-900 nm. Separate hollow UV lamps for each mineral 
were used and air/acetylene flame was used as fuel. Sample 
analysis was done and concentrations of the assayed miner-
als were expressed in parts per million (ppm). 

Data were analyzed by generalized linear model for the 
main effects of group and day and their interaction (group-
by-day) using SPSS software version 16.0, (SPSS, 2007). 
In case of a significant interaction, the differences between 
groups within day were analyzed for statistical significance 
by independent samples t-test and the differences between 
days within group were analyzed for statistical significance 
by one-way ANOVA followed by Tukey’s HSD (Honestly 
Significant Difference) test. Differences were considered 
significant at P < 0.05. Data are presented as Mean ± SEM, 
unless otherwise stated. 
 

  RESULTS AND DISCUSSION 
Owing to the significant difference on d 0 between pregnant 
and non-pregnant cattle in concentrations of glucose, total 
protein, calcium, and iron, the data on these parameters 
were transformed to percent change from the concentrations 
on d 0. Since GLM revealed a significant (P<0.05) group-
by-day interaction for each of the parameters, main effects 
were not considered; the actual p-values were 0.000 for 
glucose, total protein, magnesium, and phosphorus, 0.002 
for calcium, 0.001 for zinc, 0.040 for copper and 0.025 for 
iron. Therefore, further comparisons were made to analyze 
group within day and day within group differences for each 
of the above parameters. 
 
Glucose (mg/dL) 
Glucose concentrations were greater (P<0.05) in pregnant 
than in non-pregnant cows on each of the sampling days 
beginning d 9 until d 27. Within the pregnant group, there 
was a progressive increase in glucose concentration from d 
0 with the first significant percent change recorded on d 18. 
In contrast, the concentration in non-pregnant cows did not 
show a significant change from d 0 between different days 
postinsemination (Figure 1). 
  
Total trotein (mg/dL) 
The concentration of total protein was greater (P<0.05) in 
pregnant than in non-pregnant cows on each of the sam-
pling days beginning d 3 until d 27. Within the pregnant 
group, concentration varied between days with the first 
significant percent change from d 0 recorded on d 9. In 
non-pregnant cows, the percent change on d 12 to d27 was 
lesser than on d 3 and d 6 (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
Figure 1 Urinary concentrations (Mean±SEM) of glucose in pregnant and 
non-pregnant dairy cows. Asterisks indicate significant difference between 
the groups 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Urinary concentrations (Mean±SEM) of total protein in pregnant 
and non-pregnant dairy cows. Asterisks indicate significant difference 
between the groups 
 
Minerals  
Pregnant cows had lesser (P<0.05) concentrations of cal-
cium than in non-pregnant cows on each of the days from d 
3 to d 21. In pregnant cows, concentration varied between 
days with a significant percent increase from d 0 recorded 
on d 15 to d 24. Non-pregnant cows showed a significant 
percent increase from d 0 on d 3, d 6, d 9, d 15 and d 21 
(Figure 3). 

Magnesium concentrations were greater (P<0.05) in 
pregnant than in non-pregnant cows on each of the sam-
pling days beginning d 12 until d 27. Within the pregnant 
group, magnesium concentration showed a rapid increase 
from d 9 to d 12 followed by a gradual decrease thereafter. 
In contrast, there was no difference between days within the 
non-pregnant group (Figure 4).  

Phosphorus concentrations were greater (P<0.05) in preg-
nant than in non-pregnant cows on each of the sampling 
days beginning d 6 until d 27. In pregnant cows, phospho-
rus concentration showed an increase from d 0 beginning d 
6 and reached a peak on d 15 followed by a gradual de-
crease until d 24. In non-pregnant cows, concentrations 
were greater on d 6, d 12, d 15 and d 18 than on d 0, d 24 
and d 27 (Figure 5). Iron concentrations were lesser 
(P<0.05) in pregnant than in non-pregnant cows on d 9, d 
24 and d 27.  
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Figure 3 Urinary concentrations (Mean±SEM) of calcium in pregnant and 
non-pregnant dairy cows. Asterisks indicate significant difference between 
the groups 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Urinary concentrations (Mean±SEM) of magnesium in pregnant 
and non-pregnant dairy cows. Asterisks indicate significant difference 
between the groups 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Urinary concentrations (Mean±SEM) of phosphorus in pregnant 
and non-pregnant dairy cows. Asterisks indicate significant difference 
between the groups 

In pregnant cows, percent change in iron concentration 
was greater on d 15 than on d 3, d 6, d 9, d 24 and d 27. On 
the contrary, in non-pregnant cows, percent change in con-
centration did not differ between days (Figure 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Urinary concentrations (Mean±SEM) of iron in pregnant and 
non-pregnant dairy cows. Asterisks indicate significant difference between 
the groups 

 
Zinc concentrations were greater (P<0.05) in pregnant 

than in non-pregnant cows on d 15 and d 18. In pregnant 
cows, concentration showed an increase to reach a peak on 
d 15 followed by a gradual decrease. On the contrary, in 
non-pregnant cows, concentration did not show a signifi-
cant difference in concentration between days (Figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Urinary concentrations (Mean±SEM) of zinc in pregnant and 
non-pregnant dairy cows. Asterisks indicate significant difference between 
the groups  

 

Copper concentrations were greater (P<0.05) in pregnant 
than in non-pregnant cows on d 15 and d 21. In pregnant 
cows, concentration did not differ between different days. 
In non-pregnant cows, concentration on d 18 was greater 
than that on d 21. There was no difference in concentration 
between the other days (Figure 8). 

There were notable differences in the biochemical and 
mineral composition of urine between pregnant and non-
pregnant dairy cattle. More interestingly, differences in 
some of the components were evident very early in gesta-
tion, which opens up the possibility of using them in future 
as markers for early diagnosis of pregnancy in cattle.  
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Using currently available, methods, bovine pregnancy 
can be diagnosed reliably at the earliest on d 28 by PAG 
assay (Green et al. 2005) or on d 29 by transrectal ultra-
sonography (Romano et al. 2006). With the combined at-
tributes of possibly allowing pregnancy diagnosis much 
earlier than the currently used methods, the simple and non-
invasive sample collection, and relatively simple and eco-
nomical tests that can be used to detect the changes, urine 
based biochemical and mineral tests could be the method 
that the bovine industry has been longing for since a long 
time. 

 
 
 
 
 
 
 
 
 
 
 
  
 
 

 
Figure 8 Urinary concentrations (Mean±SEM) of copper in pregnant and 
non-pregnant dairy cows. Asterisks indicate significant difference between 
the groups 

 
The effect of pregnancy on urinary glucose concentra-

tions has not received much attention in farm animals so 
far. In women, however, it has been an area of intense re-
search and there is sufficient evidence to indicate that gly-
cosuria occurs during human pregnancy (Davison and 
Dunlop, 1980). Pregnant women excreted ten or more times 
the amount of glucose excreted by non-pregnant women 
(Renschler et al. 1967; Lind and Hytten, 1972) and the in-
creased excretion began very soon after conception 
(Davison, 1974).  

Similar to glucose, differences in urinary total protein 
concentration between pregnant and non-pregnant farm 
animals have not been evaluated. However, research in hu-
mans has shown that protein concentration in urine is sig-
nificantly higher during pregnancy (Ibeh et al. 2006). A 
recent study investigating the use of acute phase protein 
ceruloplasmin as a marker of pregnancy in giant panda 
(Willis et al. 2011) showed elevated levels of active urinary 
ceruloplasmin during the first week of pregnancy and the 
levels remain elevated until 20-24 days prior to parturition. 
It would be interesting to investigate if the difference in 
urinary protein concentration between pregnant and non-
pregnant cows resulted from changes in excretion pattern of 

proteins in general or that of a particular protein or a set of 
proteins. Results of this study indicated significant differ-
ences in urinary concentrations of various minerals between 
pregnant and non-pregnant cows during the first month 
after breeding. This information was previously not known 
in cattle. Pregnant cows had reduced urinary calcium con-
centration than non-pregnant cows, which contrasts with 
the observations during pregnancy in humans (Ritchie et al. 
1998). Increased urinary phosphorus concentrations in 
pregnant cows are in line with the increased phosphorus 
excretion reported during pregnancy in humans (Mozdzien 
et al. 1995). Similarly, results on urinary magnesium con-
centration were in agreement with those of Salinas et al. 
(1987) who reported that urinary magnesium loss was 
higher in each trimester of pregnancy in humans compared 
to their non-pregnant counterparts. In contrast to the consis-
tent differences in the above parameters, iron, zinc and 
copper concentrations in urine showed sporadic differences 
between pregnant and non-pregnant cows on just a few 
days across the sampling period. Results on zinc and copper 
excretion were different from those of Vierboom et al. 
(2002) who reported that there were no differences in uri-
nary zinc and copper concentrations between pregnant and 
open cows.  

The physiological basis for the differences in urine com-
position between pregnant and non-pregnant cows is not 
known. However, it can be speculated that the differences 
are either a result of changes in the plasma concentrations 
of the components or changes in their excretion through the 
urinary system or a combination of both. The differences in 
urinary excretion could result from changes in glomerular 
filtration or absorption from the tubular portion of the 
nephrons. In humans, it has been well established that renal 
function is altered during pregnancy due to changes in ef-
fective renal plasma flow, glomerular filtration rate and 
renal tubular function (Davison and Dunlop, 1980). How-
ever, information on changes in renal function during preg-
nancy is lacking in farm animals and thus warrants investi-
gation in the future. 

A limitation of this study was that the retrospective allo-
cation of animals to the two groups based on pregnancy 
diagnosis did not allow control over potential confounding 
factors such as age and parity. However, data on these vari-
ables were included in the initial model and there was no 
effect of these factors on the urinary composition, therefore, 
ruling out potential confounding from these factors. An-
other limitation of this study was the timing of pregnancy 
diagnosis at d 60 post breeding. It could be argued that 
some of the animals diagnosed non-pregnant at d 60 could 
have actually been pregnant for a portion or whole of the 
sampling period. However, from a more practical perspec-
tive, this could be an advantage rather than a limitation be-
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cause with this model, only those animals were grouped as 
pregnant that actually maintained the pregnancy until d 60. 
This is relevant because it is well established that majority 
of the pregnancy losses in dairy cows occur before d 60 of 
gestation (Santos et al. 2004; Diskin and Morris, 2008).  
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  CONCLUSION 
The results of this study provide evidence that there are 
notable differences in urinary concentrations of certain bio-
chemical and mineral components between pregnant and 
non-pregnant crossbred dairy cows. From an applied stand-
point, these differences can be exploited to devise simple 
and economical methods of pregnancy diagnosis for use in 
dairy cattle. 
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