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Effect of Dietary Feeding Regimens on Urea and Protein Concentration
of Milk in Murrah Buffaloes

B. Roy', R. K. Mehla* and S. K. Sirohi’
Dairy Cattle Breeding Division, National Dairy Research Institute, Karnal, Haryana-132001, India

ABSTRACT : The present study was planned to examine the effect of different feeding regimens on milk urea concentration and milk
protein concentration. The objectives are to describe the diurnal variations of milk urea (MU) concentration and to predict plasma urea
(PU) concentration from MU concentration. Six lactating Murrah buffaloes were distributed in two groups and were fed two different
diets in a crossover design. The diets consisted of leguminous crops as diet 1 (berseem (7rifolium alexandrinum)+concentrate mixture
I+wheat straw)) and non-leguminous crops as diet 2 (oats (4vana sativa)tconcentrate mixture 2+wheat straw). All the diets were
isocaloric and isonitrogenous. Each diet was fed to the animals for a period of 28 days, followed by a 10 day gap to obviate the carry
over effect of the previous diet and then a switch over to the other diet. Digestibility trials were conducted on the last 7 days of each
feeding period. Milk samples were collected on day 3, 7, 10, 14, 17, 21, 24 and 28 of the feeding period and blood samples were
collected on the same day at morning within 30 minutes after morning milking. The average milk urea (MU) values (mg/dl) differed
significantly (p<0.01) and were 44.83+0.62 and 42.53+0.73, respectively, for diets 1 and 2. Milk urea concentrations (mg/dl) also varied
(p 0.01) among the days of feeding period, but were stabilized after 10th day of feeding period. In contrast, diets and days of feeding
period had no significant effect on percent milk protein. Plasma urea concentration showed a significant (p<0.01) positive correlation (r
=0.93) with MU concentration. To predict the PU from MU the following equation was developed “PU = 10.67+0.76xMU (mg/dl) with
R?= 0.87". A clear diurnal variation of MU was found with lowered morning value (42.04+0.68 mg/dl) than the evening value
(45.32+£0.66 mg/dl). Present findings suggested that MU or PU concentration could be used as an indicator to monitor the feeding
strategy. Plasma urea can be predicted from MU, whenever interpretation of milk urea data required consideration of diurnal variation.

(Asian-Aust. J. Anim. Sci. 2005. Vol 18, No. 7 : 973-979)
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INTRODUCTION

Of all domestic animals, the buffalo holds the greatest
promise and potential for milk production. It is the principal
dairy animal in India and play very important role in the
rural economy. Surprisingly, in India buffalo farming is
practiced on non-scientific lines and there is no tradition of
consulting animal health, reproduction or nutritional experts
in identifying or addressing the relevant problems. Under
conventional farming system diets are not formulated
according to the requirements of individual animals,
affecting overall production and poor health and
reproduction.

In recent years, the adequate protein and energy
nutrition of dairy animals has been increasingly constrained.
A key to efficient feed utilization is to formulate a ration
that optimizes microbial protein synthesis and supply
amount of rumen undegradable or bypass protein that
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provides additional protein to meet milk production
requirement. The balance is associated with baseline
concentration of urea in plasma and milk. High endogenous
concentrations of urea have been associated with impaired
fertility, reduced energy availability, environmental
pollution concerns and economic losses (Ferguson and
Chalupa, 1989; Gooden et al., 2001; Qureshi et al., 2002).
Using milk protein and milk urea concentrations in either
blood or milk to monitor dietary energy and protein intake
in dairy cows has obtained increased interest in Europe
(Nagel, 1994), Japan (Ougi, 1994) and United States
(Hutjens and Barmore, 1995). The urea concentration in
plasma and milk in cattle are influenced by the amount of
crude protein in the diet (Carlsson and Bergstrom, 1994;
Gonda and Lindberg, 1994; Baker et al., 1995), as well as
by degradable intake protein (DIP) and undegradable intake
protein (UIP) (Ropstad et al., 1989). Erbersdobler and
Zucker (1980) and Oltner and Wiktorsson (1983) have
postulated that a surplus of N intake increases blood urea
nitrogen (BUN) which has a close relationship with milk
urea nitrogen; MUN (Eckart, 1980; Oltner and Wiktorsson,
1983; Dhali, 2001), because urea freely diffuses from blood
to milk (Gustafsson and Palmquist, 1993). In turn, BUN is
also affected by several factors, including level of CP in the
diet (Oltner et al., 1985; Rosler et al., 1993; Baker et al.,
1995) and carbohydrate composition (Lykos et al., 1997).
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Table 1. Composition of different feedstuffs used during the digestibility trials (on % DM basis)

Periods Diets  Feed composition DM OM TCHO CP EE CF NFE ASH
I* 1 Berseem (Trifolium alexandrinum) 1230 87.21 66.54 17.48 3.19 20.03 46.51 12.79
Wheat straw 89.40 88.42 84.05 3.06 1.31 4840 35.65 11.58
Concentrate mixture-1 (wheat -49%, wheat 91.16 93.04 73.59 16.30 3.15 6.75 66.84 6.97
bran-30%, groundnut cake-18%, mineral
mixture-2% and common salt-1%)
2 Oats (Avana sativa) 20.51 89.46 80.42 8.02 2.38 3440 46.02 10.55
Wheat straw 89.40 88.42 84.05 3.06 1.31 4840 35.65 11.58
Concentrate mixture-2 (wheat -38%, wheat 90.04 92.38 64.17 23.99 4.20 9.63 54.54 7.64
bran-29%, groundnut cake-30%, mineral
mixture-2% and common salt-1%)
2nd 1 Berseem (7rifolium alexandrinum) 16.64 88.50 70.71 15.80 1.99 3250 38.21 11.50
Wheat straw 91.24 87.73 8393 3.23 1.27 4453 3940 12.28
Concentrate mixture-1 (wheat -49%, wheat 89.78 91.73 7231 16.48 2.94 7.85 64.46 8.28
bran-30%, groundnut cake-18%, mineral
mixture-2% and common salt-1%)
2 Oats (Avana sativa) 27.60 89.48 79.60 8.20 2.68 32.13 4747 10.53
Wheat straw 91.24 87.73 8393 3.23 1.27 4453 3940 12.28
Concentrate mixture-2 (wheat -38%, wheat 90.84 92.08 66.40 22.70 398 1033  56.07 7.93

bran-29%, groundnut cake-30%, mineral
mixture-2% and common salt-1%)

DM = Dry matter, OM = Organic matter, TCHO = Total carbohydrate.

The aim of the present study was to examine the effect
of different feeding regimen on milk wurea (MU)
concentration and milk protein content and to describe the
diurnal variations of MU concentration and to predict
plasma urea (PU) concentration from MU concentration.

MATERIALS AND METHODS

Experimental design and treatments

Six lactating Murrah buffaloes were selected from
buffalo herd of National Dairy Research Institute. Cross
over design was used for the experiment. Animals were
divided into two groups with three animals in each group.
Two different diets, diet 1 (leguminous crop based) and diet
2 (non-leguminous crop based) were formulated which
were isocaloric and isonitrogenous. For individual animal
diets were formulated according to Kearl Feeding Standard
(1982). Two diets were fed to two different groups of the
animal for a period of 28 days and then buffaloes were
returned to the normal herd feeding for a period of 10 days
to obviate the carry over effect of the previous diet. After 10
days buffaloes were switch over to the next diet by
interchanging the diets. For diet 1, wheat straw mixed with
50 percent of the total concentrate mixture-1 (required per
day) and berseem (Trifolium alexandrinum) fodder
provided to the animals separately in feeding manger. Oats
(Avana sativa) fodder and wheat straw were mixed along
with 50 percent of the total concentrate mixture-2 (required
per day) to prepare diet 2. Both the diets were provided to
the animals twice daily at 9.30 to 10.00 a.m. and 5.00 to
5.30 p.m. Remaining 50 percent of the total concentrate

mixture was fed in two parts to individual buffaloes at the
time of milking, morning 5.30 a.m. and evening 6.30 p.m.
Animals were offered water thrice a day, at morning, noon
and evening. Animals were allotted to the different feeding
regimens as given in Table 1. In both the diets, ratio of
concentrate and roughage was 40:60 and green fodder and
straw was 3:1 on DM basis.

Digestibility trial and analytical techniques

The digestibility trials were conducted in last 7 days of
each feeding period for both the diets. Samples of feed
offered and residues left over, if any, were taken each
morning for DM determination and pooled samples of 7
days were analysed for proximate principles. The quantity
of faeces voided during 24 h period was recorded in the
morning. Dry matter, organic matter, crude protein
(Nx6.25), ether extract, total carbohydrates and total ash
were estimated as per AOAC (1995). Total digestible
nutrients (TDN) were calculated by adding the digestible
nutrients (crude proteinttotal carbohydratet+crude fatx
2.25). DE, ME and NE_ was calculated with the help of
following formula as per NRC (1989), DE (Mcal/kg of DM)
= 0. 04409<xTDN (%of DM), ME (Mcal’kg of DM) = -0. 45+
1.01 DE, NE; (Mcal/kg of DM) = 0. 0245xTDN (%of DM)-
0.12.

Collection of milk and analytical techniques

Milk samples were collected twice a week on the same
day of blood collection during each feeding period to
determine the urea and protein content. For individual
animal, morning and evening milk samples were collected
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Table 3. Digestibility (%) of various nutrients in two dietary

Nutrients (kg/day) Diet 1 Diet 2 groups

DM 11.2240.51 10.84+0.77 Nutrients (%) Diet 1 Diet 2

Ccp 1.64+0.07 1.52+0.06 DM 72.6410.44 70.07+0.85
CF 2.5240.13 2.67+0.22 CP 73.31£0.56* 70.75£0.91*
EE 0.27740.030** 0.35240.017** CF 68.88+0.70* 66.36+0.78*
NFE 5.5840.30 5.45+0.43 EE 68.43+1.45%* 75.76%1.69%*
OM 10.06+0.45 9.94+0.67 oM 76.30£0.40* 73.35+0.81*
** Significant at p<0.01. NFE 73.9940.64* 69.94+1.19*

separately in capped plastic bottle. The samples were
collected after complete milking and thorough mixing from
the milk weighing bucket. After collection, samples were
kept in refrigerator at 4°C and were analysed on the same
day for urea and protein. Milk protein was determined by
Kjeldahl method (AOAC, 1995). Milk urea concentration
was determined by a modified colorimetric DMAB (p-
Dimethylaminobenzaldehyde) assay (Bector et al., 1998).

Blood collection and analysis

Blood samples were collected twice a week during each
feeding period to determine the plasma urea concentration.
The blood was drawn from the jugular vein into heparinized
(20 L.U. heparin/per ml blood) at morning between 6.00 to
6.30 am, within 30 minutes after morning milking.
Immediately after sampling, the blood was centrifuged at
3,000 rpm for 15 to 20 minutes and the plasma was
separated and stored frozen (-20°C) until analysed. The
plasma urea was estimated according to Rahmatullah and
Boyde (1980).

Statistical analysis

The data were subjected to least squares analysis of
variance (Harvey, 1987) using fixed least squares model
procedure. The mathematical model for the analysis was as
under.

Mathematical model:
Yijam = uDit P+ Tt Grtejam

Where,
Yijum = Observation of I group in i" diet, j" day and k"
time of milking

p = Overall mean

D;=Fixed effect of i diet (i = 1 and 2)

P;= Fixed effect of j™ day of feeding period (j = 1, 2, 3,

4,5,6,7 and 8)

Ty = Fixed effect of k™ time of milking (k = 1 and 2)

G, = Fixed effect of I" group of animals (1= 1 and 2)

€ijum = Random error, which is assumed to be normally
and independently distributed with zero mean and constant
variance c’e.

The least squares means for different traits at different

** Significant at p<0.01, * Significant at p<0.05.

Table 4. Various digestible nutrients intake from two dietary

groups

Nutrients (kg/day) Diet 1 Diet 2

DM 8.15+0.35 7.58+0.47

CP 1.20£0.05 1.08+0.04

CF 1.74£0.09 1.78+0.15

EE 0.19240.024** 0.265+0.010**
NFE 4.13£0.22 3.81+0.27

OM 7.67+0.34 7.27+0.42

** Significant at p<0.01.

levels were compared by using Duncan’s Multiple Range
Test (DMRT) as modified by Kramer (1957). For
determining the association between the different traits the
correlation analysis was performed. To predict the plasma
urea concentration (Y) on the basis of urea concentration in
milk (X), the regression analysis was performed. The model
was as below.

Yi = a+in+ei

Where,

Y = Predicted plasma urea value

a = Constant for milk urea value

b = Regression coefficient

X = Milk urea value

e = Random error, which is assumed to be normally and
independently distributed with zero mean and constant
variance G’e.

RESULTS AND DISCUSSION

Intake of various nutrients and concentration of urea
and protein in milk

The proximate analyses of different feed ingredients
used in two different diets have been shown in Table 1.
Nutrient intakes by the animals (kg/day) from the two
different diets have been presented in Table 2. Intakes of
various nutrients did not differ significantly except ether
extract. Ether extract intake was significantly (p<0.01)
higher in diet 2 (0.35240.017) than diet 1 (0.277+0.030).
The digestibility (%) of different nutrients and the intake of
different digestible nutrient (kg/day) have been presented in
Table 3 and 4, respectively. Dry matter (DM) digestibility
did not differ significantly between the diets. However, the
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Table 7. Correlation coefficients of different combinations of

dietary groups milk urea (MU), plasma urea (PU) and milk protein (MP)
Particulars Diet 1 Diet 2 concentrations
CP m'take (kg/day) 1.64+0.07 1.5240.06 Particulars Corre%atlon
DCP intake (kg/day) 1.20+0.05 1.08+0.04 coefficient (r)
TDN intake (kg/day) 7.54+0.35 7.24+0.40 Morning milk urea: evening milk urea 0.86**
DE intake (Mcal/day) 33.2441.52 31.90+1.76 Mom%ng m%lk urea: plasma urea 0.93**
ME intake (Mcal/day) 28.5241.31 27.34+1.43 Morning milk urea: average daily milk urea 0.96**
NE, intake (Mcal/day) 17.1240.79 16.43+0 89 Even¥ng mflk urea: plasma urea 0.86::
CP/ME (g/Mcal) 57.68+0.54 55.92+1.19 ivem“g dm‘,llk “r‘?ﬁ(' averf‘g‘f daily milk urea g'gg**
CP/NE; (g/Mcal) 96.05+0.87 93.13+2.07 verage dal'y ik tiea: prasia urea ‘
Morning milk urea: milk protein content -0.0135

DCP/ME (g/Mcal) 42.28+0.43* 39.61£1.28* Eveni 1k - milk . 013
DCP/NE, (¢/Mcal) 70414074 65.9742 20 vening milk urea: milk protein content .

e o i Average daily milk urea: average daily milk 0.08

* Significant at p<0.05.

Table 6. Effect of diets, days of feeding period and time of
milking on milk urea (MU) and milk protein (MP) concentration

Particulars Milk urea (mg/dl) Milk protein (%)
Diets
1 44.83+0.62° 3.93+0.04
2 42.53+0.73° 3.88+0.05
Days of feeding period
3 47.53+1.95° 4.12+0.14
7 49.18+1.35° 3.8940.07
10 46.62+1.45% 3.88+0.10
14 40.81+1.46™ 3.7440.09
17 43.37+0.96" 3.98+0.09
21 41.3140.63™ 3.7840.11
24 40.65+0.59" 3.90+0.07
28 40.10£0.57¢ 3.95+0.06
Time of milking
Morning 42.04+0.68° 3.90+0.03
Evening 45.3240.66° 3.89+0.07

»b.¢ Quperscript indicate values with different superscripts within column
differ significantly (p<0.01).

value was higher (72.64+£0.44) in diet 1 than diet 2
(70.07£0.85). The crude protein digestibility was
73.31£0.56 and 70.75%0.91 for diets 1 and 2, respectively,
and they differ significantly (p<0.05). The digestibility of
crude fibre (CF), organic matter (OM) and nitrogen free
extract (NFE) also differ significantly (p<0.05) between the
diets, where as, ether extract (EE) digestibility varied
significantly at p<0.01. The digestible nutrient intakes
(kg/day) did not differ significantly, except digestible EE
(Table 4). The utilization pattern of CP in relation to energy
has been presented in Table 5. The TDN, CP, DCP, ME and
NE_ intake did not differ significantly between the diets.
The intake of CP and per unit of ME and NE were higher
in diet 1 than diet 2, but did not differ significantly.
Whereas, DCP intake per unit of ME and NE_ were
significantly higher in diet 1.

The concentration of MU and milk protein under
different diets on different days of feeding period and time
of milking are presented in Table 6. The effect of different
days of feeding period and diets on MU was found

protein content
** Indicates that the r value is significant at p<0.01.

significant (p<0.01). When all the observations of different
days of feeding period and time of milking were pooled, the
average concentration (mg/dl) for diet 1 (44.83+0.62) was
higher (p<0.01) than diet 2 (42.53+0.73). It was evident that
the average MU concentration was low after 10" day of
feeding period and almost stabilized after that. However,
protein content of milk did not differ significantly between
the diets and among the different days of feeding period
(Table 6). A weak positive correlation was found between
daily MU and MP content (Table 7).

Urea is the primary form of metabolic end product of
protein catabolism in the body, which equilibrates rapidly
throughout the body fluids, including milk (Gustafsson and
Palmquist, 1993). Excess N supplied to the rumen or post
ruminal tissues or energy deficient diet results in high
endogenous concentrations of urea in blood and milk. The
concentrations of urea in blood and milk are readily
affected by dietary intake of protein and energy. In our
study, significantly (p<0.01) higher MU concentration in
diet 1, might be due to a highly degradable protein source
i.e., leguminous fodder (berseem) as compared to the non-
leguminous fodder (oats) (Cheeke, 1991). Besides this,
digestibility of all the nutrients was also higher in diet 1,
except EE. Highly digestible forage can only be obtained
after high N fertilization, which not only stimulate forage
growth and digestibility, but also increased its N content
relative to available energy (Hof et al., 1994). Bertoni et al.
(1990) suggested that increased urea level in blood and milk
is not itself an indicator of protein excess but should be
considered in relation to other factors such as type of
proteins. The CP:ME and CP:NE_ did not differ
significantly between the diets (Table 5). While, DCP:ME
and DCP:NE| were significantly (p<0.05) higher in diet 1
than diet 2. Higher protein: energy ratio contributes higher
MU in diet 1. The main factor influencing the MU content
was not only the amount of protein ingested in relation to
requirement, but also the relationship between the protein
and energy in the ration (Oltner and Wiktorsson, 1983;
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Figure 1. Average plasma urea (PU) concentration of different
days of feeding period.

Cheli et al., 1992; Bertoni et al., 1993; Whitaker et al., 1995;
Dhali, 2001). In diet 2, concentrate, wheat straw and oats
(chopped) fodder were mixed and allowed to the animals, as
total mixed ration. Whereas, in diet 1, wheat straw mixed
with concentrate and berseem fodder provided to the
animals separately in feeding manger. Feeding strategy
might influence the urea concentration in plasma and milk.
The cows fed a total mixed ration had lower ruminal
ammonia and plasma urea N concentration compared with
cows fed forage and concentrate separately (Carrol et al.,
1988). The average MU concentrations (mg/dl) at different
days of feeding period clearly indicated that initially there
were higher values, but after 10" day the values were
stabilized (Table 6). The results of this study confirm the
findings of Oltner and Wiktorsson (1983) who concluded
that the change in MU content in response to an altered
dietary condition was very rapid and that within a few days
the urea level had stabilized at the new concentration.

In this study, no significant differences were found
regarding milk protein content between the diets and among
the different days of feeding period, although milk urea
concentration varied significantly (Table 6). The average
milk protein content (%) for diets 1 and 2 were 3.93+0.04
and 3.88+0.05, respectively. The values were within normal
range of protein content of buffalo milk. Buffalo milk
contains about 3.8% milk protein (Banerjee, 1998; Roy et
al., 2003). Urea nitrogen level in milk and blood reflects
ruminal protein degradation and post ruminal protein
provision, where as milk protein concentration responds to
dietary energy intake and bacterial protein production in the
rumen (Hwang et al., 2000). Milk protein reflects the
balance of dietary protein and energy intake (Rosler et al.,
1993; Sato, 1998). Milk protein yield is to be more highly
correlated to nutrient intake than to nutrient composition
(Lyatuu and Eastridge, 1998). Coulon and Remand (1991)
suggested that milk protein can be used as an indicator for
energy intake, because it responds to the energy supply
level of the diary cows. In this study, normal range of milk
protein indicates that the diets were balanced in terms of
energy and protein.
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MU values in this study were found in little higher side
in comparison to the other studies, most of which were
reported in dairy cows. Still the values are comparable with
the other studies. MU level in Murrah buffaloes ranged
between 25-60 mg/dl as reported by Singhal et al. (1994).
Qureshi et al. (2002) found average serum urea level as
high as 46 mg/dl in Nili-Ravi Buffaloes. The little higher
MU values in this study may be due to the species variation
or it may be due to the use of specific feeding standard
(Kearl Feeding Standard, 1982). In Germany, the standard
milk urea nitrogen value is 7.0 to 14.0 mg/dl (MU value =
16 to 32 mg/dl) (Nagel, 1994). In United States, the value is
11 to 17 mg/dl (MU value = 25 to 38 mg/dl) (Hutjens and
Barmore, 1995) and in Japan it is 8 to 20 mg/dl (MU value
=18 to 45 mg/dl) (Ogui, 1994).

Plasma urea and its relation with milk urea

Urea was also estimated in blood plasma, collected
within 30 minutes after morning milking. Like MU, plasma
urea (PU) concentrations (mg/dl) were lower after 10™ days
of feeding period and were found to stabilize (Figure 1). PU
concentration showed a significant correlation (p<0.01)
with MU (Table 7). The correlation of PU with morning
MU, evening MU and average daily MU were significant
(p<0.01) and ‘r’ values were 0.93, 0.86 and 0.93, respectively.

PU concentration showed a significant (p<0.01) positive
correlation (r = 0.93) with MU (Table 7). Similar results
found by other studies (Gustafsson and Palmquist, 1993;
Roseler et al., 1993; Baker et al., 1995; Dhali, 2001),
suggested that urea in the blood system is the major source
of urea nitrogen in milk. Plasma urea N (PUN) and MUN
were positively correlated, probably because of the passive
diffusion of urea from plasma to milk (Clark et al., 1978).
When MU was regressed against PU, a linear relationship
was determined and expressed by the following equation:
PU (mg/dl) = 10.67+0.76xMU (mg/dl) (R*= 0.87), which is
similar to results reported by other researchers (Roseler et
al.,, 1993; Gonda and Lindberg, 1994; Campanile et al.,
1998; Dhali, 2001). Gusatafsson and Palmquist (1993)
found that the urea in equilibrated with serum with a time
lag 1 to 2 h, when the rate of change in serum was 0.5 to 1.0
mM/h. At this rate, average difference between milk and
serum urea was 0.8 mmol. In our study, the average plasma
urea level was slightly higher than the milk urea by 0.70
mg/dl. The findings are in accordance with the results of
Oltner and Wiktorsson (1983) and Dhali (2001).

Diurnal variation

During the experiment, urea and protein concentration
in milk were estimated from morning and evening milking.
Urea concentration (mg/dl) in the morning milk
(42.041+0.68) was significantly (p<0.01) lower than the
evening (45.32+0.66). While, non-significant variation was
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found between morning and evening milk protein content.
The correlation between morning and evening milk urea
concentration (Table 7) was 0.86 (p<0.01).

Diurnal variation of urea content in milk may be a
potential source of variation among various other factors. In
accordance with the report by Gustafsson and Palmquist
(1983) and Dhali (2001) there was considerable diurnal
variation in the MU concentration. The diurnal variation
may be due to the feeding schedule followed during the
experiment. Diets were provided to the animal twice daily
at 9:30 to 10:00 a.m. and 5:00 to 5.30 p.m. and milking was
done at morning 5:30 a.m. and evening 6:30 p.m. The
diurnal pattern mainly found with twice daily feeding
frequencies. At higher feeding frequencies, a diurnal pattern
remained absent (Thomas and Kelly, 1976; Folman et al.,
1981). From regular milking interval, MU content was
significantly lower in morning milk (Miettinen and Junoven,
1990). Higher MU content of evening milk in our study
may be due to the time gap (1 to 1.5 h) between evening
feeding and milking. The peak urea content in blood
appeared at 2 to 4 h after feeding (Coggins and Field, 1976;
Thomas, 1980; Manston et al., 1981). Miettinen and
Junoven (1990) also reported that mainly feeding time
influenced milk urea concentration and approximately 2 h
after the feeding, MU concentration was highest. Rodriguez
et al. (1997) found that the plasma and milk urea nitrogen
varied throughout the day in relation to the time of feeding.
Broderick and clayton (1997) reported that the lower
proportion of total urea concentration in milk was observed
in a.m. sampling (1.8%) than in the p.m. sampling (3.3%).
Several factors should be considered while interpreting milk
and blood urea nitrogen data. Such as the diurnal variations,
lag time between the peak level of the BUN to that of MUN
(Gustafsson and Palmquist, 1983), the different
permeability of the mammary duct tissue (Linzell and
Peaker, 1971), and the differences in specific gravity
between various components of milk solids that could alter
the relative concentration of urea in milk (Roseler et al.,
1993).

CONCLUSIONS

Feeding regimens had significant effect on milk urea
concentration, although diets were isocaloric and
isonitrogenous. This effect might be due to the difference in
quality and type of protein between the diets and feeding
strategy of the experiment. Because of the different feeding
strategy, individual farm should fix their own MU value to
maintain the nutritional status of the herd. A highly
significant correlation was found between MU and PU.
Milk analysis has advantageous over blood because of
difficulties associated with collection of blood samples
under field conditions as compared to milk collection. The
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clear diurnal variation of MU concentration indicated that
sampling time should be considered during interpretation of
MU values.

REFERENCES

AOAC. 1995. Official Methods for Analysis. Association of
Official Analytical Chemists, Washington, DC.

Baker, L. D., J. D. Ferguson and W. Chalupa. 1995. Responses in
urea and true protein of milk to different feeding schemes for
dairy cows. J. Dairy Sci. 78:2424-2434.

Banerjee, G. C. 1998. A textbook of animal husbandry.8" edn.
Oxford and IBH publishing Co. Ltd. New Delhi, India. p. 357.

Bector, B. S., Moti Ram and O. P. Singhal. 1998. Rapid platform
test for the detection/determination of added urea in milk.
Indian Dairyman, 50:59-62.

Bertoni, G.,, P. Bani and L. Calamari. 1990. Study of urea and
ketone bodies in blood and milk as indicators of energy and
protein requirement. Praxis Veterinaria (Milano), 11:16-19
(Cited: Dairy Science Abstracts, 54:1057).

Bertoni, G, F. Piccioli Cappelli, U. Bernabucci and E. Di Stefano.
1993. The change in milk composition and blood parameters
during the lactation cycle in dairy buffaloes. Proceedings of
the International symposium. “Prospect of buffalo production
in the Mediterranean and the Middle East” Cairo, 9-12
November. pp. 270-273.

Broderick, G. A. and M. K. Clayton. 1997. A statistical evaluation
of animal and nutritional factors influencing concentrations of
milk urea nitrogen. J. Dairy Sci. 80:2964-2971.

Campanile, G, C. De-Filippo, R. DiPolo, W. Taccone and L.
Zicarelli. 1998. Influence of dietary protein on urea levels in
blood and milk of buffalo cows. Livest. Prod. Sci. 55:135-143.

Carlsson, J. and J. Bergstrom. 1994. The diurnal variation of urea
in cow's milk and how milk fat content, storage and
preservation affects analysis by a flow injection technique.
Acta Vet. Scand. 35:67-77.

Carroll, D. J., B. A. Barton, G. W. Anderson and R. D. Smith. 1988.
Influence of protein intake and feeding strategy on
reproductive performance of dairy cows. J. Dairy Sci.
71:3470-3481.

Cheeke, P. R. 1991. Applied animal nutrition; Feeds and Feeding,
Second Edition, Simon and Schuster/A Viacom Company,
Upper Saddle River, New Jersey 07458.

Cheli, F., G. Savoini, L. Bertocchi and V. Dell Orlo. 1992.
Quantitative-qualitative composition of the diet and its relation
to urea in milk. Informatore Agrario, 48:27-31 (Cited: Dairy
Science Abstracts, 57:403).

Clark, J. H., H. R. Spires, R. D. Derrig and M. R. Bennink. 1977.
Milk production, nitrogen utilization and glucose synthesis in
lactating cows infused post-ruminally with sodium caseinate
and glucose. J. Nutr. 107:631.

Coggins, C. R. E. and A. C. Field. 1976. Diurnal variation in the
chemical composition of plasma from lactating beef cows on
three dietary energy intake. J. Agric. Sci. (Cambridge), 86:595-
602.

Coulon, J. B. and B. Remand. 1991. Variations in milk output and
milk protein content in response to the level of energy supply
to the dairy cow: A review. Levst. Prod. Sci. 29(1):31-47.

Dhali, A. 2001. Studies on the effect of feeding management



INVESTIGATION ON MILK UREA LEVEL IN DIFFERENT FEEDING REGIMEN

systems on blood and milk urea concentration in dairy cattle.
Ph.D. thesis. National Dairy Research Institute (Deemed
University), Karnal, India

Eckart, K. 1980. Bestimming des Harnstoffgehalts in der Milch-
cin Beitrag Zur Beurteilurg der protein und Energiever sorgung
bei kuhen (Measurement of the urea content in milk - a

contribution to monitor the protein and energy supply to cows).

Ph.D. Thesis, Technischen University, Munich, Germany.

Erbersdobler, H. and H. Zucker. 1980. Harnstoff der Milch-ein
Indikator der Proteinversorgung von Milchkuhen [Urea in
milk- an indicator for protein supply of dairy cows]. Kraftfuter
63(1):10.

Ferguson, J. D. and W. Chalupa. 1989. Impact of protein nutrition
on reproduction in dairy cows. J. Dairy Sci. 76:3742-3746.
Folman, Y., H. Neumark, M. Kaim and W. Kaufmann. 1981.
Performance, rumen and blood metabolites in high yielding
cows fed varying protein percents and protected soyabean. J.

Dairy Sci. 64:759-768.

Gooden, S. M., D. F. Kelton, K. D. Lisssemore, J. S. Walton, K. E.
Leslie and J. H. Lumsden. 2001. Milk urea testing as a tool to
monitor reproductive performance in Ontario dairy herds. J.
Dairy Sci. 84:1397-1406.

Gonda, H. L. and J. E. Lindberg. 1994. Evaluation of dietary
nitrogen utilization in dairy cows based on urea concentrations
in blood, urine and milk, and on urinary concentration of
purine derivatives. Acta Agri. Scand., Section A, Animal
Science, 44:236-245 (Cited: Dairy Science Abstracts, 57:591).

Gustafsson, A. H. and D. L. Palmquist. 1993. Diurnal variation of
rumen ammonia, serum urea and milk urea in dairy cows at
high and low yields. J. Dairy Sci. 76:475-484.

Harvey, W. B. 1987. User's Guide for LSMLMW, mixed model
least-squares and maximum likelihood computer program, PC-
1 Version, Mimeograph, Ohio State University, Ohio, USA.

Hof, G, S. Tamminga and P. J. Lenaers. 1994. Efficiency of
protein utilization in dairy cows. Livest. Prod. Sci. 38:169.

Hutjens, M. F. and J. A. Barmore. 1995. Milk urea test gives us
another tool. Hoard's Dairyman. 25:401.

Hwang, S. Y., M. J. Lee and W. S. Chiou. 2000. Monitoring
nutritional status of dairy cows in Taiwan using milk protein
and milk urea nitrogen. Asian-Aust. J. Anim. Sci. 13(12):1667-
1673.

Kramer, C. Y. 1957. Extension of multiple range tests to group
correlated adjusted means. Biometrics 13:13-18.

Linzel, J. L. and M. Peaker. 1971. The permeability of mammary
ducts. J. Physiol. (camp.) 216-701.

Lykos, T., G A. Varga and D. Casper. 1997. Varying degradation
rates of total nonstructural carbohydrates: Effects on ruminal
fermentation, blood metabolites, and milk production and
composition in high producing dairy cows. J. Dairy Sci.
80:3341-3355.

Manston, R., G. J. Rowlands, W. Little and K. A. Collis. 1981.
Variability of the blood composition of dairy cows in relation
to time of day. J. Agric. Sci. (Cambridge), 96:593.

Miettinen, P. V. A. and R. O. Juvonen. 1990. Diurnal variations of
serum and milk urea levels in dairy cows. Acta Agric. Scand.
40:289-296.

979

Nagel, S. 1994. Feeding diagnosis from milk. Neue Landwirtschaft,
5:63-65 (Cited: Dairy Science Abstracts, 58:91).

National Research Council (NRC). 1989. Nutrient requirements of
dairy cattle. 6th Nov. Ed. National Academic Science,
Washington, DC, USA.

Oltner, R. and H. Wiktorsson. 1983. Urea concentration in milk
and blood as influenced by feeding varying amounts of protein
and energy to dairy cows. Livest. Prod. Sci. 10:457-467.

Oltner, R., M. Emanuelson and H. Wiktorsson. 1985. Urea
concentrations in milk in relation to milk yield, live weight,
lactation number and amount and composition of feed given to
dairy cows. Livest. Prod. Sci. 12:47-57.

Ougi, T. 1994. Description of urea nitrogen in blood and milk.
Dairy Japan, 39:26-29.

Partschefeld, M., G. Jahreis, G. Scheinpflug and F. Junkert. 1988.
Urea content in milk, indication of the ratio between energy
and protein intake of cows. Monh. Vet. Med. 37:902.

Qureshi, S. M., G. Habib, H. A. Samad, M. M. Siddiqui, N. Ahmad
and M. Syed. 2002. Reproduction-Nutrition relationship in
dairy buffaloes. 1. Effect of intake of protein, energy and blood
metabolites levels. Asian-Aust. J. Anim. Sci. 15(3):330-339.

Rahmatullah, M. and T. R. C. Boyde. 1980. Improvement in the
determination of urea diacetylmonoxime: Method with and
without deproteinization. Clinica Chimica Acta.107:3-9.

Rodriguez, L. A., C. C. Stallings, J. H. Herbein and M. L. Mc
Gillard. 1997. Diurnal variation in milk and plasma urea
nitrogen in Holstein and Jersey cows in response to degradable
dietary protein and added fat. J. Dairy Sci. 80:3368-3376.

Ropstad, E., L. Vik-Mo and A. O. Refsdal. 1989. Levels of milk
urea, plasma constituents and rumen liquid ammonia in
relation to the feeding of dairy cows during early lactation.
Acta Vet. Sacnd. 39:199-208.

Roseler, D. K., J. D. Ferguson, C. J. Sniffen and J. Heremma. 1993.
Dietary protein degradability effects on plasma and milk urea
nitrogen and milk non-protein nitrogen in Holstein cows. J.
Dairy Sci. 76:525-534.

Roy, B., R. K. Mehla and S. K. Sirohi. 2003. Influence of milk
yield, parity, stage of lactation and body weight on urea and
protein concentration in milk of Murrah Buffaloes. Asian-Aust.
J. Anim. Sci. 16(9):1285-1290.

Sato, H. 1998. Correlation between milk urea and plasma
metabolites and milk fat and protein concentrations in dairy
cows. Journal Japan Veterinary Medicine Association
51(5):242-245.

Singhal, O. P, B. S. Bector and M. Ram. 1994. National Dairy
Research Institute, Annual Report. pp. 81-82.

Thomas, P. C. 1980. Influence of nutrition on the yield and content
of protein in milk: Dietary protein and energy supply.
International Dairy Federation Bulletin 125, Int. Dairy Fed.
Brussels, Belgium.

Thomas, P. C. and M. E. Kelly. 1976. The effect of frequency of
feeding on milk secretion in the Ayrshire cow. J. Dairy Res.
43:1-7.

Whitaker, D. A., J. M. Kelly and H. F. Eayros. 1995. Assessing
dairy cow diets through milk urea tests. Vet. Rec. 136:179-180.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


