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ABSTRACT : The levels of urea nitrogen both in blood (BUN) and milk (MUN), and milk protein (MP) reflect protein and energy 
intake in dairy herd feeding. Blood and milk constituents may be changes rhythmically and influence by different sampling time within a 
day and after feeding. Trials were conducted using five dietary treatments in both lactating and dry cows to study the effects of sampling 
time on concentrations of BUN, MUN and whole blood ammonia nitrogen (BAN) in practical dairy cow feeding in Taiwan. The 
conventional feed ingredients and forages including com silage, alfalfa hay, timothy or pangola hay and com grain were used as major 
source of the diet to follow practical dairy cow feeding. Five different diets were varying in amounts (low=L; standard=S; high=H) of 
crude protein (P) and energy (E) according to the NRC (1989). The energy to protein ratios in kcal/kg for the PSES, PLES, PHES, PSEH 
and PSEL were 10.82, 12.54, 9.41, 12.53 and 9.13 in lactating cows, and 11.38, 13.33, 9.78, 13.28 and 9.74 in dry cows, respectively. 
Results showed that after feeding at 9:30, BUN reached peak at 13:30 and was significantly higher than those to that sampled at 14:30 to 
18:30 (p<0.05) in dry cows. Therefore the best blood sampling time for urea nitrogen assay in dry cows is 4 hours after morning feeding. 
In lactating cows, BUN of 13:30 was significantly higher than those of 8:30 to 11:30 (p<0.05), but there were no significant difference 
between the BUN values of other sampling time. Hence the suitable blood sampling time for BUN value in lactating cows was located 
on 3 to 8 hours after morning feeding, but the best time was 4 hours after morning feeding. MUN content is significantly higher in the 
afternoon collected b니k milk than the fbre-strip morning milk (p<0.05), therefore the best sampling time for MUN is from afternoon 
collected bulk milk. Diurnal BAN changed without traceable rhythmic pattern and was negatively correlated to the BUN (r = -0.78). It is 
suggested that BAN may not be a good indicator for monitoring dairy cow feeding. (Asian-Aust, J. Anitn. Sci. 2001. Vbl 14, No. 12 : 
1683-1689)
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INTRODUCTION

Dietary intake protein was degraded to peptides and 
amino acids, then converted to ammonia in the rumen of 
cow after ingested. When ammonia level exceeding 
bacterial growth under limited energy source in the rumen, 
diffuse via ruminal wall into blood stream, circulate to liver 
through portal vein system and is dehydrogenated to urea. 
In dairy cow, urea or urea nitrogen level, especially in the 
blood or milk, reflects the protein intake (Ide et al., 1966; 
Roseler et at, 1993; Jonker et al., 1998), thereby it has been 
recommended as a good indicator to monitor the balance of 
the dietary protein and carbohydrate intake (Oltner and 
Wiktorsson, 1983; Kirchgessner et al., 1986; Broderick and 
Clayton, 1997). Under constant energy intake, blood urea 
nitrogen (BUN) and degradable intake protein or 
undegradable intake protein is generally positively 

correlated (DePeters and Ferguson, 1992; Roseler et al., 
1993; Hof et al,5 1997). While under constant protein intake, 
BUN is negatively correlated to the net energy intake 
(DePeters and Ferguson, 1992; Roseler et al., 1993; Lykos 
et al., 1997). Urea nitrogen content in the bulk milk also 
reflects protein intake (Refsdal et al., 1985; Ropstad and 
Refsdal, 1987; Schepers and Meijer, 1998). Researches also 
indicated that BUN or MUN value can be an important tool 
fbr monitoring protein and energy intake (Harris, 1995; 
Hutjens and Barmore, 1995; Hof et al., 1997). Although Ide 
et al. (1966) suggested that BUN and MUN level almost 
constant under constant diet.

Feeding and sampling time affected BUN and MUN 
concentration (Gustafsson and Palmquist, 1993; Staples et 
al., 1993). Feeding dairy cow once daily, Gustafsson and 
Palmquist (1993) obtained a BUN level peaked at 2 to 4 
hours after feeding with about 1.5 to 2 hours behind the 
maximum ruminal ammonia concentration, whereas MUN 
changes followed the BUN pattern, but peaked at about 1 to 
2 hours behind the blood level. Manston et al. (1981) 
suggested a peak of BUN at 2 to 4 hours postprandial under 
twice daily cow feeding. Taking the blood sample 4 hours 
after feeding a balanced diet according to NRC (1989) 
nutrients requirement, Roseler et al. (1993) obtained BUN 
value of 14.8±0.68 mg/dL with MUN value of 11.6±0.63 
mg/dL. The sampling times in measure these concentrations 
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was different in literatures, from 2 hours postprandial 
(Jordan et al., 1983; Oltner and Wiktorsson, 1983; Carroll et 
al., 1988), 2 to 3 hours postprandial (H이tz et al., 1986), 3 
hours postprandial (Garcia-Bojali] et al., 1992), and 4 hours 
post-feeding (Roseler et al., 1993; Broderick and Clayton, 
1997). Some researchers even used fbre-strip milk 
(Gustafsson and Palmquist, 1993), but most did not define 
their sampling time (Miettinen and Juvonen, 1990; Hof et 
al., 1997; Rodriguez et al., 1997). The discrepancy of the 
BUN and MUN values in literature was due to the different 
sampling time (Gustafsson and Palmquist, 1993), but most 
of literature did not discuss these differences. In application 
of these BUN and MUN values as an indicator fbr 
monitoring protein and energy intake balance, therefore 
sampling time of blood and milk is critical. The objective of 
this study aimed to find out the optimum sampling time 
from the pattern of diurnal variations in BUN, MUN and 
BAN.

MATERIALS AND METHODS

Diet formulation
Com silage, alfalfa hay, timothy or pangola hay and 

com grain were used as major source of ingredient in 
experimental diets. Diets were formulated based on the 
mean live-weight of 600 kg, 20 kg daily milk yield with 
3.5% milk fat for lactating cows, whereas dry cows diets 
were based on non-lactating and non-pregnant (ruminal 
fistulated) cows with live-weight of 550 kg according to the 
NRC (1989) nutrient requirements of dairy cow. Five 
different diets varied in crude protein (P) and energy (E), 
approximately 15% of the NRC standard (1989) to make 
low (L), standard (S), and high (H) levels of P or E. Five 
different diets were the standard protein and standard net 
energy lactation (PSES), low protein and standard net 
energy lactation (PLES), high protein and standard net 
energy lactation (PHES), standard protein and high net 
energy lactation (PSEH), and standard protein and low net 
energy lactation (PSEL) groups. The ratios (kcal/kg) of 
energy to protein (E/P) were 10.82, 12.54, 9.41, 12.53 and 
9.13 for the lactating cows, and were 11.38, 13.33, 9,78, 
13.28 and 9.74 for the dry cows, respectively. The diet 
formulations fbr lactating cows and dry cows were 
presented in tables 1 and 2, respectively. To derive 
information of different energy levels on standard protein 
and different protein levels under the same energy level, 
four dietary combinations were excluded from a 3 x 3 
factorial arrangement of a 3 levels of proteins by 3 levels of 
energys in this study. These dietary combinations included 
low protein and high energy, low protein and low energy, 
high protein and high energy, and high protein and low 
energy diets.

Animal management
Two trials involving a lactating cows trial and a dry 

cows trial were conducted in this study. In the lactating 
cows trial, thirty lactating cows with mean live-weight of 
589±70 kg and daily milk yield of 20 kg were selected into 
5 dietary treatments with 3 blocks in a completely 
randomized block design. Whereas in the dry cows trial, a 5 
x 5 Latin square design with 5 dietary treatment and 5 
period was applied in this trial since only 5 ruminal 
fistulated Holstein non-pregnant dry cows were available. 
Cows fed twice with equal amount of total mixed rations on 
9:30 and 14:30 daily. Water was provided through 
automatic bowl-type drinker ad libitum. Feeding the 
experimental diet was lasting fbr 3 weeks with the first 2 
weeks fbr adaptation. Blood samples were taken via 
coccygeal vein at 1 h interval from 8:30 to 18:30 for 3 
consecutive days on the third week of the experimental 
period. Blood samples were separated within 1 hour of 
blood collection by centrifugation at 3,000xg at 4°C for 15 
min. Serum was preserved at -20°C freezer before analysis. 
Fore-strip milk, mixed milk from volumetric vial and post
strip milk samples were taken at 4 hours before feeding in 
the morning and 1 hour after feeding in the afternoon, 
respectively. Milk samples were preserved at 4°C and 
analyzed within 24 h.

Chemical analysis
The crude protein, calcium and phosphorus of diets 

were analyzed according to AOAC (1990). Acid detergent 
fiber of the diet was analyzed according to the method of 
Van Soest et al： (1991). Serum urea nitrogen was analyzed 
according to colorimetric diacetyl monoxine procedure 
(DiGiorgia, 1974) using automatic blood chemistry analy
zer (Vitros 750XRC, Johnson & Johnson Co., USA). Milk 
samples were added 3% trichloroacetic acid (TCA) and 
centrifuged, supernatants were used for urea nitrogen 
analysis using enzymatic kits from Sigma (Sigma 
diagnostic #535, Sigma Chemical Co., USA) and reading 
the optical density at 540 nm according to the method of 
Crocker (1967). For whole blood ammonia nitrogen, 20 卩 1 
of blood samples pipetted into ammonia test kit II (Kyoto 
Daiichi Kagaku Co., Japan) by micropipet and assayed 
according to the micro-diffusion method used in clinical 
diagnosis using blood ammonia meter (Model AA-4120, 
Kyoto Daiichi Kagaku Co., Japan).

Statistical analyses
Data were analyzed using the General Linear Model 

(GLM) procedure of SAS (1989). Means were compared 
using Duncan's New Multiple Range Test (Steel and Torrie, 
I960).

RESULTS AND DISCUSSION

Serum urea nitrogen
Figure 1 presented the diurnal variation of BUN in dry 

cow. From iso-energetic diets, daily mean BUN value of the
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Table 1. Composition of rations for lactating cows
Item PSES1 PLES PHES PSEH PSEL
Calculated (analysed) values 

% DM2 71.6 71.5 71.7 72.4 72.5
Crude protein (%) 14.6(14.8) 12.6(12.7) 16.8(16.9) 14.6(14.5) 14.9(14.7)
NEL3(Mcal/kg) 1.58 1.58 1.58 1.83 1.36
ADF4 (%) 19.9(19.4) 19.7(19.6) 20.3 (19.9) 19.8(20.1) 26.4 (27.1)
Calcium (%) 0.91 (0.93) 0.90 (0.92) 1.16(1.13) 1.39(1.36) 1.23(1.20)
Phosphorus (%) 0.47 (0.50) 0.42 (0.44) 0.44 (0.43) 0.46 (0.47) 0.41 (0.42)
Forage: Grain 53:47 55:45 53:47 52:48 82:18
E/P5(cal/g) 10.82 12.54 9.41 12.53 9.13

1 A ration containing varying amounts (low = L; standard = S; high 그 H) of net energy lactation (E) and crude protein (P). Excepting 
dietary protein and energy ratios of control group (PSES) and NRC (1989) were the same, all diet was adjusted with the various ratios 
(±15%). PSES: standard crude protein and standard net energy lactation; PLES: Low crude protein and standard net energy lactation; 
PHES: High crude protein and standard net energy lactation; PSEH: Standard crude protein and high net energy lactation; PSEL: 
Standard crude protein and low net energy lactation.

2 DM = dry matter,3 NEL = net energy lactation,4 ADF = acid detergent fiber.
5 E/P = ratio of net energy lactation (E) to crude protein (P).

Table 2・ Composition of rations for dry cows

5 Same as table 1.

Calculated (analysed) values 
% DM2 69.8 69.8 69.8 70.1 73.2
Crude protein (%) 11.6(11.5) 9.9(10.1) 13.5(13.2) 11.6(11.5) 11.5(11.6)
NEl3 (Mcal/kg) 1.32 1.32 1.32 1.54 1.12
ADF4 (%) 25.2 (25.1) 24.9(25.0) 25.6 (25.4) 24.0(24.1) 31.8 (31.7)
Calcium (%) 0.75 (0.76) 0.74 (0.75) 0.59 (0.60) 0.94 (0.95) 0.78 (0.79)
Phosphorus (%) 0.34 (0.35) 0.32 (0.35) 0.37 (0.39) 0.35 (0.37) 0.33 (0.35)
Forage: Grain 61:39 61:39 61:39 57:43 76:24
E/P5 fcal/G 11.38 13.33 9.78 13.28 9.74
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Figure 1. Diurnal variation of blood urea nitrogen (BUN) 
in dry cows. Each value represents mean of 5 cows. (J 
feeding). PSES, PIES, PHES, PSEH and PSEL are the same 
as table 1.

three different protein levels (PHES, PSES and PLES) were 
12.8±0.8, 10.7±0.3 and 8.0±0.4 mg/dL for high, standard 
and low protein diets, respectively. This decreasing trend in 
BUN toward decreasing dietary protein level agreed with 
the known facts that the level of BUN highly correlated to 
protein level under the same level of energy intake 
(DePeters and Ferguson, 1992; Broderick and Clayton, 
1997; Hof et at, 1997). Conversely, daily mean BUN value 
were 8.8±0.4, 10.7±0.3 and 12.0±0.5 mg/dL for high, 
standard and low energy diets, respectively on different 
energy levels with iso-nitrogenous diets (PSEH, PSES and 
PSEL). The trend of negative correlation between dietary 
energy and BUN also agreed with the previous finding 
that under same protein level, the BUN decreased as the 
dietary energy increased (DePeters and Ferguson, 1992; 
Roseler et al., 1993; Lykos et al.? 1997).

Figure 2 presented the diurnal variation of BUN in 
lactating cow. From iso-energetic diets with three different 
protein levels (PHES, PSES and PLES), daily mean BUN 
value were 16.6±0.8, 12.7±0.4 and 9.2±0.6 mg/dL for high, 
standard and low protein diets, respectively. These BUN 
values were also higher than those in the dry cows. The 
trend agreed with the previous finding of positive relation
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Figure 2. Diumal vanation of blood urea nitrogen (BUN) 
in lactating cows. Each value represents mean of 6 cows. (1 
feeding). PSES, PLES, PHES, PSEH and PSEL are the 
same as table 1.
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between dietary protein and BUN (DePeters and Ferguson, 
1992; Broderick and Clayton, 1997; Hof et al., 1997). On 
the other hand, different energy levels with iso-nitrogenous 
diets (PSEH, PSES and PSEL), BUN value were 10.9±0.3, 
12.7+0.4 and 13.9±0.4 mg/dL fbr high, standard and low 
energy diets, respectively. BUN values in lactating cows 
were also higher than those in the dry cows, but the trend 
also agreed with the finding that dietary energy negatively 
correlated to BUN (DePeters and Ferguson, 1992; Roseler 
et al., 1993; Lykos et al., 1997). BUN value at 4 hours post
feeding from 5 dietary groups was 13.3±2.7 mg/dL and 
ranged from 9.8 to 17.5 mg/dL in lactating cows. These 
BUN values in lactating cows were higher than those of the 
dry cows with averaged of 11.1±1.8 mg/dL and ranged from 
8.9 to 13.8 mg/dL. The maximum mean of the BUN 
concentration showed only 9% higher than that of minimum 
mean which is different from that 70 to 85% differences 
obtained from Gustafsson and Palmquist (1993). This may 
be attributed to the different milk yield and hence different 
protein intake between trials. Lactating cows also 
maintained higher BUN level after P.M. feeding than that of 
dry cows, it may due to higher protein intake in lactating 
versus dry cows. The findings in lactating cows agreed with 
Miettinen and Juvonen (1990) that the BUN level gradually 
increased after the morning feeding and showed a rapid 
increase 2 to 3 h postprandial, but did not show prominent 
effects on the BUN level after the afternoon feeding in 
lactating cows.

Mean BUN values of dry cows in the 5 treatment 
groups increased after feeding in the morning, reached peak 
at 4 h after feeding and declined afterward (figure 3). This 
diumal pattern agreed with the trend of Gustafsson and 
Palmquist (1993) and Manston et al. (1981) that BUN
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Figure 3. Diurnal variation of average value of blood urea 
nitrogen (BUN) in dry cows.. Each value represents mean 
of 25 samples from figure 1. For each sampling time, with 
different superscripts a, b, and c denote significantly 
difference (p<0.05). (1 feeding).

reached peak level 2 to 4 h postprandial under feeding once 
or twice daily. The diurnal variations in BUN, although did 
not show significantly different among different sampling 
time of 8:30 to 12:30 (p그0.05), but there were significantly 
different between 13:30 and 14:30 to 18:30 san中ling times 
(figure 3). Therefore the best time fbr drawing the blood 
san中le was 4 h after morning feeding in dry cows. The 
mean BUN profiles of lactating cows was slight different 
from those in dry cows, it slightly increased, and 
maintained longer after P.M. feeding as compared to the dry 
cows, and then it also declined (figure 4). There were no 
significantly differences on BUN values from the blood 
samples 8:30 to 11:30 and 12:30 to 17:30, respectively. 
However, the BUN values from the blood san^les of 13:30 
were significantly higher than those from 8:30 to 11:30

8:30 9:30 10:3011:3012:30 13:3014:3015:3016:3017:3018:30 
Time of day (h)

Figure 4. Diurnal variation of average value of blood urea 
nitrogen (BUN) in lactating cows. Each value represents 
mean of 30 samples from figure 2. For each sampling time, 
with different superscripts a, b, c and d denote significantly 
difference (p<0.05). (1 feeding).
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(p<0.05). Hence the suitable blood sampling time for BUN 
value in lactating cows was located on 3 to 8 hours after 
morning feeding, that means from 12:30 to 17:30; but the 
best time was 4 h after morning feeding.

Milk urea nitrogen
Figure 5 presented the diurnal variation of MUN in 

lactating cows. The MUN concentrations of morning milk 
samples are presented in increasing order of fore-strip, 
mixed and post-strip milk, whereas the pattern of afternoon 
milk samples is different, which is presented in decreasing 
order of mixed, post-strip and fore-strip milk. MUN 
concentration of afternoon mixed milk is 15.2% higher than 
that of the morning fore-strip milk (p<0.05). Reason for 
peak MUN level seen in the afternoon milk may be 
attributed to the feeding time between milk sampling. The 
optimum milk sampling time for urea nitrogen assay appear 
to be 5 to 6 h post-feeding according to results reviewed by 
Gustafsson and Palmquist (1993) which indicated that the 
urea level reflected in blood concentration with 2 h lag 
period. Since the dairy farmers in Taiwan are practically 
feeding lactating cows twice daily which are one time 4 h 
after morning and the other time just before afternoon 
sampling. In this trial, the level of MUN in the afternoon 
milk is higher than that of the morning milk which is agreed 
with the findings of Broderick and Clayton (1997). 
Gustafsson and Palmquist (1993) also reported that samples

or
5r
or

2
 

1
 

1

(
님
@
u
)
 u
o
불

 찡
.
5

A:Fore-strip milk, a.m.
B:Mixed milk, a.m.
C:Post-strip milk, a.m.
D:Fore-strip milk, p.m.
E:Mixed milk, p.m.
F:Post-strip milk, p.m. 

ab ab
ab

b

took post-strip milk rather than fore-strip milk in the 
afternoon for urea nitrogen assay, however the mixed milk 
of afternoon was also available. Therefore, it is suggested 
that the optimum milk sample for urea nitrogen assay in 
Taiwan is the mixed milk of the afternoon, and the post
strip milk of the afternoon will be the second choice.

Whole blood ammonia nitrogen
In order to monitor protein and energy intake balances, 

detecting whole blood ammonia nitrogen (BAN) using 
clinical diagnostic portable device required suitable blood 
sampling time. The diurnal variation of BAN was 
determined to define the optimum sampling time. The 
diurnal variation of BAN in dry and lactating cows was 
presented in figures 6 and 7, respectively. It showed that 
BAN profiles did not denote rhythmic diurnal variation 
both in dry and lactating cows. The result is not consistent 
with the pattern of BUN and MUN. Mean BAN value in 
dry cows showed no significantly difference (figure 8); 
while in lactating cows, mean BAN value at 11:30 was 
significantly higher than that of 15:30 to 16:30 (p<0.05) (fig. 
9). Moreover, the mean BAN values were negatively 
correlated to the BUN values (r= -0.78). Results from BAN 
value profiles in dry and lactating cows of our study, it is 
implied that BAN value might not be a good indicator for 
monitoring the protein and energy intake of cows.

In conclusion, for monitoring protein and energy intake 
in dairy cows, the optimum blood sampling time for urea 
nitrogen assay is 4 h after morning feeding in dry cows, and 
3 to 8 h after morning feeding in lactating cows, but the best 
time is 4 h after morning feeding. In Taiwan, the optimum 
time to sample milk is the afternoon mixed milk since the
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Figure 5. Diurnal variation of milk urea nitrogen (MUN) in 
lactating cow. Each value represents mean of 18 cows. Two 
feeding time daily were between C and D. Vertical lines 
denote the standard error of the mean. For each sampling 
time, with different superscripts a and b denote significantly 
differences (p<0.05).
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Figure 6. Diurnal variation of whole blood ammonia 
nitrogen in dry cows. Each value represents mean of 5 
cows. Cows were fed once with TMR daily. (I feeding). 
PSES, PLES, PHES, PSEH and PSEL are the same as table 1.
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Figure 9. Diurnal variation of average value of whole blood 
ammonia nitrogen in lactating cows. Each value represents 
mean of 30 samples from figure 7. Cows were fed once 
with TMR daily. For each sampling time, with different 
superscripts a, b and c denote significantly difference 
(p<0.05). (、L feeding).

Figure 7. Diurnal variation of whole blood ammonia 
nitrogen in lactating cows. Each value represents mean of 6 
cows. Cows were fed once with TMR daily. (1 feeding). 
PSES. PLES, PHES, PSEH and PSEL are the same as table 1.

feeding regime of dairy farmer is practically feeding twice 
between the two times daily milking. Taking post-strip milk 
rather than fore-strip milk in the afternoon sampling in the 
farm that did not install volumetric vial and the mixed milk 
is not available. Therefore, it is suggested that the BAN 
value is not a good indicator for monitoring the protein and 
energy intake.
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Figure 8. Diurnal variation of average value of whole blood 
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of 25 samples from figure 6. Cows were fed once with 
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significantly difference. (1 feeding).
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