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Abstract: The objectives of this study were to evaluate the effects of parity, Days m Milk (DIM), milk
production and components on Milk Urea Nitrogen (MUN) concentration in Chinese Holstein. About 6500
lactating cows of 20 dairy farms from Ningxia, Shanghai and Beijing participated in this study. Finally, 29414
records from Jan 2008-July 2009 were analyzed. The milk components and MUN concentration were measured
using a Fossomatic 4000 Milkoscan Analyzer at the Shanghai Millk Quality Laboratory. The mean MUN
concentration was 19.4 mg d.™' and the lowest value appeared in the third and greater lactation. The
concentration of MUN reached the highest at 90-120 DIM and began to go down approximately 120 DIM. A
positive relationship existed between MUN and milk production, while negative relationship with milk protein
and milk fat percentage were observed. Based on the results from this study, MUN concentration should be
interpreted in association with parity, DIM, milk production and composition when MUN was regarded as a

management tool to evaluate the efficiency of mtrogen utilization for dairy cows mn China.
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INTRODUCTION

Milk Urea Nitrogen (MUN) has been regardayed as
an mndicator of the efficiency of nitrogen utilization for
dairy cows (Hof et al, 1997, Roseler ef al, 1993
Schepers and Meijer, 1998, Wattiaux and Karg, 2004a)
and MUN has also been mvestigated as a predictor of
nitrogen output to the environment (Jonker et af., 1998;
Wattiaux and Karg, 2004b).

Due to the advances in
spectrophotometric  methods

Infrared (TR)
for determining MUN
concentration, many Dawy Herd Improvement (DHI)
laboratories have adopted the rapid and mexpensive
technology as an additional service to the farmers. A
dairy performance-testing program was begun in China in
the 1990s with the support of the Sino-Canada Integrated
Dairy Cattle Breeding Program and the Smo-Japan Dairy
Technical Cooperation Project (Miglior et al., 2009).
Recently, MUN concentration has been added to DHI
report in several laboratories n China.

In fact, many of the farmers and researchers may fail
to see the importance of MUN concentration. The
relationship between MUN and production variables has

been evaluated by some studies. But the results were
inconsistent. For example, studies reported
that there was a positive butnonlinear association
between MUN and milk production (Kung and Huber,
1983; Carlsson et al., 1995, Godden and Keltorn, 2001,
Johnson and Young, 2003). However, negative
assoclation (Ismail et al, 1996) or no relationship
(Baker et al, 1995, Carroll et al., 1988) had also been
reported. Also, Johnson and Young (2003) reported  there
was positive, nonlinear relationship between MUN
and milk protein percentage,

s0me

while some studies
reported that there was either no relationship between
milk protemn percentage and MUN (Brodenick and Clayton,
1997) or a negative, nonlinear association (Godden and
Kelton, 2001). As a result, a measure of the non nutritional
factors affecting MUN 1s needed to mvestigate these
associations.

Tt would be helpful for the farmers to improve the
nitrogen utilization efficiency, when cows were fed in
different forage categories and housing facilities. In
some Provinces, such as Ningxia, rice straw was also fed
to cows in mid and late lactation. The hypothesis was that
MUN concentration might have different regularities
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compared with previous studies. The objectives of this
study were to evaluate the relationships between MUN
and parity, Days in Milk (DIM), milk production and milk
component, when using an IR test for measuring MUN.

MATERIALS AND METHODS

Data collection: The database used in this study was
obtained from 3 Provinces (Ningxia, Shanghai and Beijing)
from Jan 2008-July 2009. All of milk samples were
collected during regular monthly DHI analysis.
Laboratory measurements were performed by Shanghai
Milk Quality Laboratory, using the combiFoss 4000
(Foss Electric, Hillered, Denmark). Fat-Corrected Milk
(FCM) yield was calculated with the Gaines’ formula
(4% FCM, kg day™' = 0.4 xmilk, kg day ' +15 = fat, kg
day™'; NRC 2001). Standard of data elimination is
shown in Table 1. Herds removed from the study were
those with unknown sample type (i.e., uncertain sampling
time) or a small mumber of cows (<3). Records DIM >730
(i.e., a lactation >2 years) were considered extreme and
removed from the study and categories of <3.0 and
>100.0 kg of milk were deleted. Herd management data
(milking frequency, housing, feeding method, forage
categories and diet composition) were collected through
the researchers’ farm visiting and questionnaire from
producers. Fmally, the database used for analysis
mcluded 29414 records from 6500 individual cows
distributed in 20 herds.

Statistical analysis: The categories of DIM and MUN
were similar to Johnson and Young (2003). Days in milk
were grouped mnto 30 days increments, with those >450
days grouped into one category.

The concentration of MUN was grouped by
increments of 2.0 mg dI.™" with those less than or equal
to 6.0 mg dL. ' grouped into one categery and those equal
to or greater than 36.0 mg dL™" grouped into one
category. Milk production was grouped by increments of
5.0 kg day™" with the upper grouping for cows of 45.0 kg
milk protein percentage was grouped into categories

Table 1: Data set selection criteria

in two different ways. In one way, milk protein
percentage was categorized mto increments of 0.2%
beginning with 2.4% and ending with 4.4%. In the other
way, milk protemn categories were created with <3.0,
3.01-3.2 and »3.2% based on the groupings in Nelson
(1996).

Descriptive statistics were calculated for parity, DIM,
MUN, milk yield and composition using the Proc Freq
procedure of SPSS 12.0 (SPSS Inc., Chicago). Simple
correlation coefficients and principal component analysis
were calculated to determine collinearity. Multivariate
mixed linear regression models using the Proc Mixed
procedure mn SPSS 12.0 (SPSS Inc., Chicago) were used to
determine the association between MUN (independent
variable) and perity, DIM, MUN, milk yield and
composition (dependent variables). Sigmficance was
declared atp<0.05. A trend was considered to exist if
0.05<p<0.10. All reported values were least square means
unless otherwise stated.

RESULTS AND DISCUSSION

Characterization of database: In total, 20 herds were
included in this study. Of these, 13 (65%) were tie-stall
facilities and 7 (35%) were free-stall facilities. 14 herds
(70%) were fed a TMR, while the remaining 6 herds (30%)
were fed a separate ingredient. Corn silage and sheep
grass (Leymus chinensis) were the predominant forages.
Some rice straw was also fed to cows in mid and late
lactation. Descriptive statistics for parity, DIM, milk
production and components is shown in Table 2. The
mean parity was 2.4 lactations and was similar to what was
reported by Godden and Kelton (2001) and Jolnson and
Young (2003). Mean DIM was 204, which was higher
than reported in other studies (JTonker et al., 1998,
Godden and Kelton, 2001; Johnson and Young, 2003). The
FCM vyield was 21.7 kg day™, which was lower
than reported in other MUN studies (Carlsson et al., 1995;
Godden and Lissemore, 2001 ; Jolnson and Y oung, 2003).
Mean milk fat and protein percentage was 3.74 and 3.28%,
respectively. Mean MUN concentrations on cow-level

Table 2: Description of least squares means and ST of DHI variables

Test-day data file Records (n=29414)

(monthly records) 30756 Records deleted remaining Parameters MeantSD Min. Max.
Missing data - 387 30360 Parity 2.4+1.50 1.00 7.00
Parity 1-7 327 30042 DIM (day) 204.0£130.00 2.00 730.00
DIM 0-730 60 29982 Milk yield (kg) 22,748,900 3.00 60.00
Milk vield (kg) 3.0-100.0 272 29710 FCM (kg) 21.748.90 1.80 69.60
Milk protein (%) 0.25-9.5 1 29709 Milk protein (%o) 3.28+0.47 1.53 8.49
Milk fat (%) 0.25-9.5 39 29670 Milk fat (%) 3.7440.98 031 022
Milk lactose (%) 0.25-9.5 0 29670 Milk lactose, %0 4.78+0.33 0.83 5.76
SCC,x1000 mL™ <10000 79 29591 8CC,x1000 mL™! 189.00+661.00 1.00 9999.00
MUN (mg dL~1) 0.1-39.5 mg dL~! 177 20414 MUN {mg dL=1) 19.40+6.1 0.40 39.10
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were higher of values than reported in other MUN studies
(Broderick and Clayton, 1997; Jonker et al, 1998,
Godden and Kelton, 2001; Rajala-Schultz and Saville,
2001; Johnson and Young, 2003, Wattiaux et al., 2005).

Association between MUN and parity: Mean MUN
concentration, by parity category is shown in Table 3.
The mean MUN concentration for the third and greater
parities was lower (p<0.0001) than the second and third
parities, even though the difference was only 0.7 mg dI.™".
The results of this study are consistent with some studies
(Tonker et al., 1999; Godden and Kelton, 2001), which
reported there was a statistically significant but
numerically small difference in MUN concentration due to
panty. While Canfleld et al. (1990) found that there were
only minor differences, with no significant association
between parity group and MUN concentration. Some
studies reported that MUN concentration was higher in
first-lactation heifers (Oltner et al, 1985, Godden and
Lissemore, 2001; Johnson and Young, 2003). To be
concluded, all of the studies reported that igher MUN
concentration was estimated in the first and second
parities, in contrast to cows in their third and greater
lactations. The main reason might be that primiparous
cows were still in lean tissue growth and a
correspondingly higher efficiency of ammo acid
utilization. Thus, the deamination of amino acid and
urea formation in  the liver might be reduced
(Oltner et al., 1985). Hojman et al. (2005) got the result
that mean MUN concentration was 151 mg dL™" and
Jonker et al. (1998) used models to predict changes in
MUN concentration due to parity and suggested that the
first lactation heifers should have a higher MUN
concentration than mature cows. Jonker et al. (1999)
reported that, according to NRC recommendations, target
MUN  concentration was averaged 163, 168 and
162 mg dL.~' for the first, second and third lactation,

Table 3: The concentration of MUN by DIM and parity categories

respectively. However, the mean MUN concentration in
this study was 19.4 mg dI.™". The variability of energy and
protein balance could explain differences in the MUN
concentration. The forage quality in this study, mainly
comprised of sheep grass and corn stalk silage, was lower
than the forage m those previous studies. So, the
differences in categories and qualities of the forage may
account for some of the MUN concentration differences.
Further researches to make sure the cause of the higher
MUN concentration would be helpful when MUN was
regarded as a management tool in China.

Associations between MUN and DIM: There was
curvilinear and parallel relationship between MUN
concentration and DIM (Fig. 1). The mean concentration
of MUN was lower (p<0.001) during the first 30 DIM
category compared with all other DIM categories. Others
have shown similar results (Carlsson ef al, 1995,
Eicher et al., 1999; Godden and Kelton, 2001, Johnson and
Young, 2003). The main reason could contribute to
differences in DMI, rumen microbial adaptation and
rumen absorptive capacity at the beginming stage of

lactation. The concentration of MUN reached the
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Fig. 1. Least squares means of MUN concentration and
milk yield by 30 day DIM category

Lactation 1 Lactation 2 Lactation 3 All
DIM category N Mean N Mean N Mean N Mean
<30 596 18.99 558 18.72 694 18.40 1848 18.69
30-60 741 19.83 654 19.50 833 19.34 2228 19.55
90-60 745 20.13 672 19.65 833 19.73 2250 19.84
90-120 730 20.93* 689 19.67 795 19.628 2214 20.07
120-150 722 20.58* 714 19.40° 866 18.93® 2302 19.59
150-180 791 20.36* 737 19.26° 893 18.76° 2421 19.43
180-210 848 20.38* 725 1937 88% 18.84° 2462 19.53
210-240 847 20.14* 708 20274 894 19.16° 2449 19.82
240-270 896 19,258 603 20.48* 882 19.16° 2381 19.53
270-300 740 19.05® 522 20,024 771 19.13 2033 19.33
300-330 653 18.692 414 19.88% 570 18.83 1637 19.04
330-360 596 19.20 333 19.97 439 19.34 1368 19.43
360-390 521 19.66% 254 19.73 325 1857 1100 19.35
390-420 407 19.03¢ 221 20.41% 297 18.19% 925 19.09
=420 775 18.162 396 20.21* 625 17.83® 1796 18.50
Total/Avg,. 10608 19.70* 8200 19.71% 10606 19.008 20414 19.44

Alphabet in the same row differ; lower-case letters: p<0.05; upper-case letter letters: p<0.01
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highest at 90-120 DIM and then was generally lower
against after approximately 120 DIM m this study.
Arunvipas et al (2003) also reported that MUN
concentration reached the highest at 90-120 DIM.
Carlsson et al. (1995) observed that MUN concentration
was lowest immediately after calving and reached a peak
between the 3rd and 6th month of lactation and slowly
declined in later lactation. Godden and Kelton (2001)
reported that MUN concentration was generally lowest
during the first 60 DIM, higher between 60 and 150 DIM
and then were generally lower again after approximately
150 DIM. However, Schepers and Meijer (1998) found that
DIM had no effect on mean MUN concentration.

The difference came from the nutritional variables
were not statistically independent and the effect of DIM
was probably included mdirectly through the nutritional
factors. From calving to 70-140 days, dry matter
mtake gradually  increases and  reaches  the
highest during 70-140 days. This is the main reason
that MUN concentration increases after calving. After
earlier lactation, the protein requirement decreases as milk
production declines. From the literatures (Broderick and
Clayton, 1997; Jonker et al., 1999, Godden and Lissemore,
2001), we can get the result that MUN concentration
should also decrease. But MUN concentration did not
decline as milk production decreased m some of the
herds (data not shown). This suggests the possibility that
for those herds, protemm may have been overfed in
late lactation or the ration contained different amount
of rumen degradable protein than earlier lactation
(Tohnson and Young, 2003).

Association between MUN and milk production:
Descriptive information about milk production, stratified
by MUN category is shown in (Table 4), there was a
positive but nonlinear association between MUN and milk
production (p<0.001, Fig. 2). The results were similar to
Kung and Huber (1983), Carlsson ef al (1995),
Godden and Kelton (2001), Arunvipas et al (2003),
Johnson and Young (2003) and Wattiaux er af. (2005).
However, negative association (Ismail e# al., 1996) or no
relationship (Baker et al., 1995, Carroll et al., 1988) had
also been reported. The inconsistent results indicate
that MUN concentrationis a result of DMI or directly
associated in some manner with milk production. The
positive nonlinear association between MUN and milk
vield may be attributed to increased milk production
which resulted from mcreased DM and total protem intake
(Chalupa, 1984; Oldham, 1984; Broderick and Clayton,
1997; Jonker et al., 1999, Godden and Lissemore, 2001).
Because the described information of nutritional
management was not collected at the cow-level in
this study, these hypotheses could not be explored.
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Fig. 2: Least squares means of MUN concentration and
milk yield by 5 kg milk yield category
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Fig. 3: Least squares means of MUN concentration and
milk fat and milk proten percentage category

In thus study, MUN concentration increased by
0.044 mg dI.7" as FCM yield increased by 1.0 kg day™ !
Arunwvipas et al. (2003) also found that the increment in

FCM wield of 1.0 kg would change the MUN
concentration by approximately 0.05 mg dL7.
Wattiaux et al.  (2005) reported that MUN

concentration increased by 0.06 mg dL™' per FCM yield
increment from 5.0-29.0 kg.

Association between MUN and milk protein percentage:
Descriptive mformation about protein percentage,
stratified by MUN category is shown in Table 4. The
mixed multivariate regression model of MUN against milk
protein percentage is shown in Fig. 3. Equations in this
study also suggest that MUN concentration increased,
while milk protein percentage decreased (p<0.01).

In this study, a change in milk protein percentage of
+1.0 percentage unit would change the estimated
mean lactation MUN concentration by approximately
+1.41 mg dL.7".

Higher MUN concentration may be associated
with a lower wse of dietary CP, leading to decrease
nitrogen efficiency. Jolmson and Young (2003) also found
similar results. While some studies reported that there
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Table 4: Least squares means and SE for milk vield, protein, fat and lactose percentage and 8CC by MUN category

Milk kg) FCM (kg) Protein (®0) Fat (%0) SCCx1000 mL™! Lactose (20)

MUN N Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
<6.0 228 1945 0.65 17.60 0.61 3.39 0.08 3.40 0.04 590.13 94.15 4.65 0.03
6.01-8.0 357 20.82 0.48 18.45 0.43 341 0.06 3.23 0.02 199.28 40.70 4.77 0.02
8.01-10.0 802 20.02 0.31 18.84 0.31 3.61 0.04 3.38 0.02 230.14 31.08 4.74 0.02
10.01-12.0 1547 20.28 0.22 19.62 0.22 3.83 0.03 341 0.01 144.00 13.35 4.78 0.01
12.01-14.0 2420 21.46 0.18 20.77 0.18 3.85 0.02 337 0.01 161.40 11.70 4.78 0.01
14.01-16.0 3250 22.23 0.15 21.50 0.16 3.81 0.02 3.33 0.01 155.07 9.71 4.80 0.01
16.01-18.0 3631 22.57 0.15 21.67 0.15 3.77 0.02 3.28 0.01 191.33 12.02 4.80 0.01
18.01-20.0 3656 23.01 0.15 21.93 0.15 3.74 0.02 3.26 0.01 198.71 11.36 4.79 0.01
20.01-22.0 3454 23.40 0.15 22.40 0.15 3.73 0.02 3.26 0.01 220.04 13.18 4.80 0.01
22.01-24.0 3120 23.80 0.16 22.61 0.16 3.68 0.02 3.24 0.01 175.03 10.75 4.80 0.01
24.01-26.0 2393 23.72 0.19 22.49 0.19 3.67 0.02 3.24 0.01 178.98 1104 4.77 0.01
26.01-28.0 1737 2342 0.23 22.26 0.23 3.69 0.02 3.23 0.01 166.51 13.15 4.76 0.01
28.01-30.0 1192 2410 0.28 22.86 0.28 373 0.03 326 0.01 183.35 17.08 4.73 0.01
30.01-32.0 693 2341 0.38 21.66 0.38 3.65 0.04 3.25 0.02 208.20 24.34 4.72 0.01
32.01-34.0 375 23.73 0.50 22.25 0.50 3.88 0.06 3.23 0.02 267.48 41.67 4.74 0.02
34.01-36.0 365 22.30 0.54 20.44 0.53 3.62 0.07 3.25 0.04 222.38 34.36 4.75 0.02
>36.0 194 20.82 0.72 19.81 0.71 377 0.08 3.20 0.04 439.03 67.65 4.76 0.02
Total‘avg, 29414 22.69 0.05 21.66 0.05 3.74 0.01 3.28 0.003 189.69 3.86 4.78 0.002
Table 5: The concentration of MUN by milk yield and protein percentage categories

<3.000% 3.01-3.20% 3,200
Milk categories N MUN (mgdL™") SE N MUN (mg dL™!) SE N MUN (mg dL.”h SE
5.0-10.0 258 21.49% 0.43 218 20.18% 0.40 1611 18.43° 0.16
10.1-15.0 401 19.294 0.30 403 18.028 0.29 1948 17.928 0.13
15.1-20.0 976 19.67 4% 0.19 768 19.00° 0.22 2418 18.818 0.12
20.1-25.0 1585 20.25% 0.15 1040 19.23 B 0.18 3483 19.25® 0.10
25.1-30.0 1872 20.38% 0.14 1186 20.344 0.17 2281 19.498 0.12
30.1-35.0 1608 20,524 0.15 772 19.94° 0.21 1069 19.53B 0.18
35.1-40.0 812 20.53 0.19 317 20.20 0.33 320 20.19 0.32
40.1-45.0 349 21.16° 0.28 89 19.80° 0.47 61 20.62¢ 0.82
>45.0 124 22.19 0.43 13 21.25 1.00 15 19.27° 0.15

Alphabet in the same row differ; lower-case letters: p<0.05; upper-case letter letters: p<0.01

was either no relationship between milk protein
percentage and MUN (Broderick and Clayton, 1997) or a
negative, nonlmear asscciation (Godden and Kelton,
2001).

Nelson (1996) suggested that MUN concentration
should be 12-16 mg dL " if protein degradability fractions
and energy were most likely balanced when milk protein
was 3.0-3.2%. Whereas Kohn et al. (2002) recommended
that MUN cencentration should be 10-12 mg dL™ on
herd-level in the Intermountain West of America in
order to avoid the possibility of overfeeding protem or
underestimating protein degradability of the high quality
alfalfa hay. In this study, cow-level mean MUN
concentration for each category of milk protein
percentage and milk yield was within this range for
Holsteins, except when milk production was very high,
then MUN concentration was lugher than the range. The
forage in this study were in different categories and
qualities than were the forage in the t-studies of Nelson
(1996) and Kohn et al. (2002), we can not compare the
concentration of MUN with each other. More researches
were needed to accomplish in order to build up a
recommended range of MUN concentration in China.
The concentration of MUN, categorized by milk yield and
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protein percentage categories of <3.0, 3.01-3.2 and >3.2%
is shown in Table 5. The concentration of MUN was
higher (p<0.001) for mulk protein <3.0% than >3.2%, when
milk yields ranged from 5.0-35.0 kg. There was no
difference between mill protein <3.0% and >3.2% for milk
vields ranging from 35.1-45.0 kg day™". In one of similar
studies, Johnson and Young (2003) reported that MUN
concentration was lower for cows of milk protein »3.2%
than the grouping of <3.2% milk protem for milk yields
ranging from 27.3-63.6 kg day'. From these results, we
could reach the conclusion that MUN concentration and
milk protein percentage should be synchronously
considered, when we evaluate the balance of metabolic
energy and nitrogen in the ration.

Association between MUN and milk fat percentage: An
inverse relationship between MUN categories and milk fat
percentage was observed in these data (p<0.001, Fig. 3).
Within the normal physiological range of milk fat
percentages, MUN concentration change was very small,
but as milk fat percentage mcreased MUN concentration
decreased. A negative and nonlinear association between
milk fat percentage and MUN was also reported by
Broderick and Clayton (1997), Godden and Kelton (2001)
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and Johnson and Young (2003). In this study, a change in
milk fat of £1.0 percentage unit would change the
estimated mean lactation MUN concentration by approxi-
mately +1.42 mg dL~". While Jonker ef af. (1998) predicted
that a change in milk fat of £1.0 percentage unit would
change the estimated mean lactation MUN concentration
by approximately +3.40 mg dL~". The relaticnship between
muilk fat percentage and MUN may be an indirect result of
nutritional variables or a direct negative effect of milk fat
percentage on MUN (Carlsson and Bergstrom, 1994).

Association between MUN and SCC: There was no
significant negative nonlinear association between MUN
and 3CC with a mixed multivariate regression model
(p = 0.147, Fig. 4). Eicher et al. (1999) also reported no
significant association of SCC on MUN. Godden and
Kelton (2001) and Johnson and Young (2003) reported
a slightly negative relationship between MUN and linear
score. Ng-Kwai-Hang et af. (1985) reported a positive
association between cow-level SCC and true protein
content and also reported a small but significant
positive association between SCC and milk NPN
levels (which includes urea). Although, a negative
relationship between cow-level SCC and MUN was
observed in some studies, MUN data should be
interpreted at the group-level and not the individual cow
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Fig. 4 Least squares means of MUN concentration and
milk yield by 200 (x1000) SCC category
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Fig. 5. Least squares means of MUN concentration and
milk yield by 2% lactose category
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level (Broderick and Clayton, 1997, Cannas et al.,
1998; Kolver and MacMillan, 1993; Oltner et al., 1985,
Schepers and Meijer, 1998). Therefore, unless a large
proportion of cows i the group or herd have very high
SCC, then the herd average MUN should not be greatly
affected by SCC. There was positive association between
SCC and mastitis mfection because recovery system
would produce more leucocyte to kill these bacteria, when
the udder was infected. Most bacteria, actinomycetes and
fungi can produce urease, which would degrade urea in
the milk to ammomia. With the permeability of mammary
gland mcreasing, more urea would come into milk from
blood. As a result, a positive or negative correlation
between MUN and SCC lies on the competing effect of
the permeability of galactophore and the degradation of
urea.

Association between MUN and Lactose: The test day
average lactose percentage across parities was 4.78%.
Results from this study showed that there was a
statistically significant (p<0.001, Fig. 35) association
between lactose percentage and MUN. The concentration
of MUN reached the peak when lactose percentage was
4.2%. The relationship between lactose and MUN may be
an indirect result of milk yield. Tt is because of lactose
synthesis regulating the volume of milk secreted. Tt
indicates that lactose percentage and MUN concentration
are mdicators of metabolic disorders and physiological
imbalance, which in tum affect the reproductive and
health status of a given animal (Miglior et al., 2006).

CONCLUSION

The mean MUN concentration was 19.4 mg dL. ™" and
lowest in the third and greater parities. The concentration
of MUN reached the lughest at 90-120 DIM, and then was
generally lower against after approximately 120 DIM. A
positive relationship existed between MUN and milk
production, while negative relationships with milk protein
and milk fat percentage were observed. Based on the
results of this study, MUN concentration should be
interpreted in association with parity, DIM, milk
production and composition when it was regarded as a
management tool to evaluate the efficiency of nitrogen
utilization for dairy cows in China.
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